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Abstract
 
Processing of root and tuber crops is the focus of increasing interest by farmers, traders, 
researchers, and policymakers in many parts of Africa. This publication includes a wealth of 
information on the progress made to date with new or improved products and processes that 
utilize cassava, sweetpotato, or potato. Individual papers discuss work underway in Burundi, 
Cameroon, the Congo, C6te d'Ivoire, Ghana, Kenya, Nigeria, Rwanda, Tanzania, Uganda and 
Zafre. The document also contains selected reports on processing activities in Colombia, Peru, 
Vietnam, and the Philippines. Particular attention is given to production, marketing, and con
sumption trends that either have facilitated or resulted from the growth in processing. In 
addition, an overall approach to product development is outlined followed by specific papers on 
each of the components including: assessing processing potential; research in support of product 
and process development; pilot plants; and expansion to commercial operation. Examples are 
provided for each of these components based on experiences in the countries represented. Case 
studies outlining the knowledge acquired and lessons learned include cassava processing for 
animal feed, new snack foods from sweetpotatoes, and village-level potato processing for flours 
and mixes. The document also presents recommendations for future activities in priority areas 
of endeavor and suggested areas for collaboration with the International Potato Center (CIP) and 
the International Institute of Tropical Agriculture (IITA) for work on product development for 
roots and tubers in Africa. 

Compendio 
El procesamiento de rafces y tubdrculos es de creciente interns para los agricultores, comercian
tes, investigadores y politicos en muchos paises de Africa. Esta publicaci6n incluye una amplia 
compilaci6n de informaci6n sobre el progreso observado hasta Ia fecha con productos y procesos 
(sean nuevos o mejorados) de yuca, batata (camote) y papa. Las presentaciones discuten trabajos 
que ya estin en marcha en Burundi, Cameroon, el Congo, C6te d'Ivoire, Ghana, Kenya, Nigeria, 
Rwanda, Tanzania, Uganda y Zaire. El documento contiene tambi6n informes seleccionados 
sobre actividades de 2rocesamiento en Colombia, Perd, Vietnam y las Filipinas. Se presta especial 
atenci6n a las tende.'cias de producci6n, comercializaci6n y consumo de estos cultivos, en la 
medida que han facilitado o alternativamente han sido resultado del crecimiento de la actividad 
de procesamiento. AdemAs, se presenta un enfoque global seguido por ponencias especificas 
sobre cada uno de los componentes incluyendo: la evaluaci6n del potencial del procesamiento; 
investigaci6n sobre productos y procesos; establecimiento de las operaciones a nivel piloto; y la 
expansi6n hacia la operaci6n comercial. Se presentan diversos ejemplos de cada componente 
para los paises mencionados. Entre los estudios de caso que sintetizan la experiencia adquirida 
y las lecciones aprendidas para un producto o proceso especifico, estin el procesamiento de yuca 
para la alimentaci6n animal, bocaditos y du!ces de camote, y procesamiento de papa a nivel 
rtistico para hacer harinas y mezclas. El documento presenta tambi~n recomendaciones para 
iniciativas futuras en temas de alta prioridad, en lo que se refiere al desarrollo de nuevos 
productos y procesos de rafces y tub~rculos; recomendaciones para la colaboraci6n entre paises 
de la regi6n; y propuestas para el apoyo del Centro Internacional de la Papa (CIP) y el Inteinational 
Institute of Tropical Agriculture (IITA) en el desarrollo de productos de raices y tub~rculos en 
Africa. 
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R sume 

La transformation des racines et des tubet cules ne cesse de recueillir l'attention soutenue des 
fermiers, des commerqants, des cherche'ars et des politiciens dans de nombreux pays de 
l'Afrique. Cette publication comprends un bon nombre d'informations sur les progrbs r~alis6s 
jusqu'ici quant aux procluits et proc6d~s nouveaux ou am~lior~s ayant trait au manioc, la 
patate douce ou 5 la pomme de terre. Ce document discute 6galement des travaux en cours 
au Burundi, Cameroon, Congo, C6te d'Ivoire, Ghana Kenya, Nigeria, Rwanda, Tanzanie, 
Uganda et ZaYre. Ce document prsente aussi les resultats des activiti~s dans le domaine de 
]a transformation en Colombie, Peru, Vietnam, et aux Philipines. Une attention particulire 
est portC-e aux diverses tendances de production, de commercialisation et de consommation 
de ces produits dans ]a mesure oi elles ont rendu plus faciles ou ont contribu6 aux augmen
tations observges. D'autre part, une vue globale est present6 quant au d~veloppement des 
produits en question, suivie de documents spcifiques Achacun de ses composants, y compris: 
l'6valuation du potentiel de transformation, la recherche sur le d~veloppement des produits 
et procMd~s, les projets pilotes et le droulement des op6rations jusqu'A la commercialisation. 
Des examples bases sur les experiences des pays repr~sent~s sont fournis pour chacun des 
composants. Des 6tudes de cas spcifiques exposent les connaissances acquises et les leqons
aPprises sur la transformation du manioc pour l'alimentation des animaux, celles de ]a patate
douce dans I'6laboration de nouveaux types d'aliments pour snack bar et celles de la pomme 
de terre pour preparer de la farine et des m~langes directement dans les villages. Les rapports
des diff~rents pays ont permis d'identifier les facteurs limitants et des cr6neaux de recherche 
pour l'avenir. Le document contient aussi un r~sumd des n&cOssit~s par pays, des recomman
dations pour une collaboration entre pays voisins quant au travail sur le d~veloppement de 
produits h partir de racines et de tubercules en Afrique, ainsi que des propositions de 
cooperation avec le Centre International de la Pomme de Terre (CIP) et l'Institut International 
d'Agriculture Tropicale (IITA). 
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Foreword
 

Over the last two decades, many African countries have become increasing concerned about 
how to reduce postharvest losses and increase value added for root and tuber crops through 
improving traditional technologies and adopting new ones to better suit their needs. In the 
years ahead, accelerating urbanization, the need for greater rural employment, and aspira
tions for higher incomes and more diversified, easier to prepare diets will push postharvest 
issues even higher on the agenda of most national agricultural research institutes. Posthar
vest research, training, and information have long been an integral part of the International 
Potato Center's (CIP) work. Processing, storage, marketing, and breeding for processing, 
consumption and nutrition continue to be key components of CI1's work in Asia, Africa, and 
Latin America. With the addition of sweetpotatoes and six, lesser known Andean roots and 
tubers to CIP's portfolio of activities, postharvest activities will take on even greater impor
tance. 

Exciting developments-such as the explosive growth in the transformation of sweet
potatoes for animal feed in China-have convinced us that there are tremendous oppor
tunities to expand postharvest activities for roots and tubers to other parts of the developing 
world, as well as to provide access to the technical and socioeconomic information about 
these achievements to interested individuals working in this field. We are grateful to the 
International Institute of Tropical Agriculture (IITA) for hosting the workshop on which this 
proceedings is based. For these reasons, then, CIP is proud to join with the Centro Inter
nacional de Agricultura Tropical (CIAT) and the International Institute of Tropical Agriculture 
(IITA) to help diffuse knowledge gained through the years of accumulated experience 
documented in this publication. We look forward to helping bring about similar successes 
in the years ahead. 

-I-hi Jrt iandstra 
DirectorGeneral 
InternationalPotatoCenter(CIP) 
Lima, Peru 
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Objectives of the Workshop
 

The objectives of the workshop on processing, marketing, and utilization of root and tuber 
crops in Africa included to: 

Document recent trends in production, marketing, processing, and utilization of roots 
and tubers for African countries and for the region as a whole; 

* Discuss results, problems, and opportunities in the field of product development for 
roots and tubers in Africa as well as other parts of the developing world among national 
researchers, development workers, and specialists from international organizations; 

Present and analyze procedures-including specific research methods, development 
approaches, and strategies-to integrate the work of different disciplines, institutions, 
and interest groups involved in the development of products and processes for roots 
and tubers; 

Analyze mechanisms to address the priority needs of national programs in the area of 
product and process development for roots and tubers to encourage greater public and 
private support for product development efforts for these crops, including adoption of 
appropriate government policies and involvement of commercial enterprises in research 
and development initiatives; and 

Review proposals to promote greater horizontal cooperation between national institu
tions in the field of postharvest research generally and new product development 
specifically, and to broaden the scope for interaction between the International Potato 
Center (CIP) and the International Institute of Tropical Agriculture (IITA) in response to 
the common needs of the region. 
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Recommendations
 

On the basis of the oral presentations and discussions that took place during the course of 
the workshop, the participants provided numerous suggestions for improving the proposed 
manual on root and tuber processing, marketing, and utilization in developing countries. 
These covered style (include more diagrams and flow charts, standardize terminology), 
content (include information on anti-nutrition factors) and organization (make reference to 
case studies). They also formulated a series of recommendations regarding: 

* 	 country-level pr:ority needs to facilitate product development for roots and tubers; 

" 	 proposed areas of collaboration between national researchers and the international 
centers at the country-level; 

* 	 suggested contributions by local institutions to regional efforts in product development; 
and 

* 	 areas for possible collaboration among the international centers at the national or 
regional level. 

I.Country Needs 
National requirements to further advance work on product development for roots and tubers 
at the local level include the following: 

Market Assessments/Utilization/Promotion 

" 	 Analyze demand for (price, income elasticities), consumption, and supply of cassava 
products (Congo). 

• 	 Assess potential uses of processed cassava (Tanzania). 

* 	 Conduct market study/cost analysis of cassava flour (Kenya). 

• 	 Undertake acceptability, nutritional studies of processed cassava products (Congo). 

• 	 Promote newly introduced processed products such as gari (Burundi), cassava bread 
(Nigeria), and sweetpotato bread (Burundi, Cameroon). 

Conduct baseline market assessments for sweetpotatoes in processed form (Uganda, 
Kenya, Tanzania). 

/,
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" 	 Procure better information on the level and determinants of sweetpotato consumption 
(Tanzania). 

" 	 Quantify and communicate to decision makers how specific government policies may
hinder (e.g., import subsidies) or help (small enterprise credit) product development for 
cassava (Nigeria), potato (Kenya), and sweetpotato (Cameroon, Kenya, Nigeria, Ugan
da). 

Varieties/Clones/Germplasm 

" Evaluate sweetpotato varieties for their nutritional characteristics on a systematic and 
continuous basis (Kenya, Tanzania). 

* 	 Select sweetpotato varieties for protein levels for animal feed (Nigeria). 

Products and Processes Research 
* 	 Ensure that certain attributes of traditional cassava processing (e.g., removal of HCN) 

are not lost with the introduction of technical improvements (General). 

" Need to improve the quality of traditional processed cassava products (General). 

o 	 Conduct an inventory of traditional cassava processing (Congo). 

• 	 Characterize cassava-based weaning foods from organoleptic, biochemical, nutritional, 
and rheological parameters (Nigeria). 

* 	 Evaluate storage stability of composite flour made from cassava (Kenya). 

• 	 Conduct drying and ensilage trials on sweetpotato for animal feed (Nigeria). 

* 	 Regularly assess culinary characteristics of sweetpotato products (Tanzania). 

Equipment/Machinery 
* Develop low-cost equipment for sweetpotato processing that facilitates ease of entry 

and 	seasonal processing (Cameroon, Kenya). 

" 	 Create revolving fund to provide small-scale bakers with graters (Cameroon). 

• 	 Develop intermediate scale machinery for cassava processing (Nigeria). 

Pilot Plants 

• 	 Conduct on-farm drying trials for cassava flour (Kenya). 

* 	 Develop simple, low-cost methods of sweetpotato storage (Rwanda, Tanzania). 

xiv 



Training 

9 	 Need to train local personnel in research on product development for sweetpotato so as 
to exploit potential for technology transfer from abroad (Uganda). 

• 	 Conduct training of trainers for gari production (Burundi). 

* 	 Need to train extension Staff on preparation and use of composite flour (Kenya). 

II. 	Collaboration at the Country level 
National representatives also expressed their interest in collaborating with the International 
Potato Center (CIP) and the International Institute for Tropical Agriculture (UTA) in specific 
research and development initiatives in the field of product development for root and tuber 
crops as follows: 

General 

o 	 Greater CIP presence in the region for product development research. 

* 	 Greater integration of cassava and sweetpotato initiatives in the field of product 
development. 

Collaboradiort to bring the importance of and potential for processed roots and tubers 
to the atlention of policymakers. 

Research 
* 	 Participation with CIP and IITA in initiatives to strengthen linkages between public 

research institutions and the private sector in the area of product development (General). 

" Joint project with CIP on product development for sweefpotatoes (Uganda). 

* 	 Joint project with CIP on sweetpotato for animal feed (Nigeria). 

Training 

• 	 Scholarships for processing/utilization research at/by the international centers 
(General). 

Information 

* 	 Dissemination of information on sweetpotato products and processes from other 
developing country regions (General). 
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Continued exchange of experiences and information through workshops and symposia 
(General). 

III. Country Contributions to Product Development 
Specific areas where participating country representatives felt their national institutions 
might contribute to product development for roots and tubers in the region include the 
following: 

Research/Technical Assistance 

* Technical assistance in cassava processing research (Nigeria). 

Training 

* Degree training in the postharvest field focusing on roots and tubers (Kenya, Nigeria) 

• Short courses on root crop processing for processors and technicians (Ghana). 

• Short-term training in the area of rustic potato processing (Kenya). 

IV. Support from CIP and IITA 
The workshop generated both suggestions from the country participants and proposals from 
the Center representatives for support from CIP and ITA for research and training in the 
area of product development for root and tuber crops in Africa. 

Suggestions to CIP and ITA 

In addition to the collaborative initiatives and country needs previously alluded to, the 
following specific suggestions for CIP and/or ITA support were made by country repre
sentatives present. 

* Facilitate the supply of sweetpotato varieties from various sources, particularly Asia, to 
countries of the region. 

" Help national institutions secure financial support for product development initiatives. 

* Document existing processing practices for root crops. 

* Assist in the exchange of information between researchers in the region working on 
product development for roots and tubers and professional counterparts in developed 
countries. 
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* 	 Facilitate access to Center databases on roots and tubers in developing countries. 

Proposals from CIP and IITA 

Both Centers are eager to help identify priority projects in the area of product development 
for roots and tubers. In the past, such projects typically have been evaluated on a case by 
case, country by country basis. However, both Centers are increasingly aware of the need 
for and advantages of closer integration of their work with national and network counter
parts in this field. As specific circumstances may require, both Centers are willing to join 
with local counterparts in the search for special project funding. 

CIP places high priority for the immediate future on market/technology/policy assess
ments as a first step toward broader interaction with national institutions in the area of 
product development for sweetpotatoes. These assessments will analyze not only the 
economic potential for processed sweetpotato products but also the technical 
capabilities and government policies that may influence such activities for the purpose 
of prioritizing across a wide array of possible alternatives. 

* 	 IITA places similar emphasis on processing research from a holistic or systems' perspec
tive; 

* 	 IITA has expertise in the following fields: small-scale cassava processing (e.g., gari); 
analysis of cassava characteristics such as eating quality, starch, and cyanide content; 
and, design of project proposals for research and pilot testing. Short-term individual or 
group training in these fields can be undertaken subject to prior consultation. 

* 	 Both CIP and IITA have considerable information on product development for roots 
and tubers, that can be accessed through contacting their respective information units, 
or local representatives in the region. 
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I. Overview
 

This publication has three basic objectives. The first is to report on global, regional, and national 
trends in production, marketing, processing, and utilization of roots and tubers with particular 
emphasis on Africa. The second is to present an overall strategy for the successful development 
of new products and processes made from roots and tubers. The third is to document the progress 
made in processing, market assessments, or pilot plant operations in the case of particular 
commodities in specific African countries with some additional examples from Asia and Latin 
America. 

The document contains six sections. The first paper in Section I (Overview) and the eleven 
papers in Section II(Commodity and Country Reports) provide a descriptive analysis of trends 
in production, commercialization, transformation, and utilization for roots and tubers first at the 
global and regional level; then, in the case of cassava and sweetpotato, at the country level. The 
second paper in Section I presents a strategy for new product and process development. Key 
components of this strategy are subsequently elaborated on in the initial papers of Section III 
(Assessment of Processing Potential), Section IV (Products and Processing Research), Section V 
(Setting Up Pilot Plants), and Section VI (Expansion into Commercial Production). The remaining 
papers in these sections document experiences with each of these components in Africa and in a 
few instances, Asia and Latin America. 

Much of this publication is dedicated to documenting location-, time-, and commodity-spe
cific experiences with developing new or improved products or processes for cassava and 
sweetpotato in Africa. Section Iaims to provide a broader context for this material. It begins with 
an overview of recent trends for roots and tubers in developing countries. This is followed by 
the presentation of an overall strategy for processing and utilization initiatives. 

The last three decades have witnessed a remarkable expansion of processing and new 
product development for root and tuber crops in developing countries generally and in Africa in 
particular. In Transforming Traditional Food Crops: Product Development for Roots and 
Tubers, Gregory J. Scott and Victor Sudirez first quantify these overali trends, perhaps less 
apparent at the project or even country level. They then examine the factors that have contributed 
to them. These include the agronomic and biochemical characteristics of root and tuber crops 
themselves and the evolution of production, consumption, and utilization for cassava, potato, 
and sweetpotato in Africa in comparison to Asia and Latin America. Special attention is given 
to the growth in utilization of cassava and sweetpotato for processed products for human 



consumption and the prospects for continued expansion in the years ahead. Scott and Suirez go 
on to note that future processing developments will be influenced by demographic changes,
income growth, government policies, and new technologies for roots and tubers. The paper
includes a bibliography of recent publications on root and tuber processing in developing 
countries. 

In the paper Integrated Root and Tuber Crop Projects: AStrategy for Product Development,
Christopher Wheatley and Trudy Brekelbaum briefly review essential strategic elements of an
integrated project including a systems orientation, inter-institutional collaboration, multi
disciplinary focus, active participation by final users, and an emphasis on demand-driven 
technological research. Such elements are necessary, they argue, if improvements of the posthar
vest svstem are to beriefit small farmers. They then go on to describe the stages of an integrated
project beginning with problem and opportunity identification; applied research on products, 
processes and equipment; a pilot project phase; and expansion to commercial-scale operation.
Wheatley and Brekelbaum conclude by pointing out the benefits of such an approach and its 
relation to other rural development efforts. 
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Transforming Traditional Food Crops: 

Product Development for Roots and Tubers 

Gregor , J.Scott and Victor SudrezI 

Abstract 

Recent trends in production and utilization of roots and tubers point to agrowing interest in new product 
development. This paper outlines the factors that have influenced the growing importance of product 
transformation of roots and tubers in developing countries over the last three decades. After a review of 
the agronomic and bio-chemical characteristics for cassava, potato, and sweetpotato, the paper analyzes 
global and regional patterns for production and use of these commodities. Sharp increases in potato 
production for fresh consumption, explosive growth in cassava processing in particular countries- and the 
use of sweetpotato for animal feed in China and Brazil are highlighted. Development trends including 
demography, income growth, and government policies are noted as key factors influencing future 
prospects for expanded processing. 

Key words: cassava, potato, sweetpotato, production, utilization, new products, developing countries. 

Introduction 

The last three decades have witnessed remarkable in-
creases in fcK)d production in many developing countries. 
Nev,'jheless, decision makers as well as members of 
th? scientific community feel that further increases in 
p oductivity, farm incomes, and food consumption could 
well be realized. An emerging consensus among 
specialists in different disciplines suggests that this goal 
can best be achieved by an approach that emphasizes 
expanded utilization of agricultural commodities. The 
steps involved in this process are referred to in this 
publication as product development, 

Product development isnot anovel concept; but, on 
the eve of the 21 st century, it has taken on new meaning 
in the agricultural sector ofdeveloping countries. There 
are many reasons for this. Perhaps, the most basic is that 
product development-albeit ageneral concept-is often 
associated with manufactured goods, the use of high 
technology, and developed countries (see e.g., Kotler 
1986). The treatment here applies to food crops, both 
labor ari capital-intensive techniques, and markets in 
developing countries (see also Austin 1992). In addition, 
the focus is on cassava, potatoes, and sweetpotatoes. 

These crops are frequently characterized as "traditional" 
or "subsistence" and not generally thought of as transfor
mable for sale in amodem, commercial environment. 

While certain modifications to the concept of pro
duct development might facilitate its application to roots 
and tubers, isthere ajustification for investing resources 
in this activity? The remainder of this paper addresses 
this issue by reviewing the different factors that con
tribute to the need for and advantages of this procedure 
for these commodities in developing countries today. It 
initially describes the agronomic and bio-chemical char
acteristics of their parent plants. This highlights the 
peculiar features of roots and tubers that lend themsel
ves to-if not require, ttansformation to facilitate greater 
utilization. An analysis of production trends pinpoints 
those tendencies in output, area planted, and yield that 
suggest both the opportunity (growing supplies) and the 
need (declining area planted) for alternative uses for 
these crops. Subsequent discussion of recent changes in 
prevailing utilization patterns emphasizes the extent to 
which location specific experiences might well be put 
to wider use. A brief mention ismade of market develop
ments-beyond those for root and tuber crops themsel
ves-that influence these trends before concluding with 

Leader, Postharvest Management. Marketing Program and Specialist in Systems Analysis, respectively, International Potato Center 
(CIP), P.O. Box 5969, Lima. Peru. 
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a short statement about future potential and some un-
answered questions. 

The Crops and Their Cha-raderistics 
This publication focuses largely on the three major root 
and tuber crops: potatoes (Solanum luberosum), sweet-
potatoes (Ipomoea hatamo, and cassava (Manihot es-
culenta). Other roots and tubers that are given some, 
albeit minor, mention include: yams (Dioscorea spp.), 
cocoyam (taro, 'autia= Colocasia esculenta) and tan
nia (Xanthosoma spp.). 

Collectively, these crops occupy about 50 million 
ha worldwide (Horton et al. 1984), producing over 550 
million t annually, about two-thirds of which is har-
vested in developing countries. Cassava alone is an 
important food crop for some 5() million people in the 
Third World (De Bruijn and Fresco 1989). Cassava, 
potatoes, and sweetpotatoes are now grown in roughly 
100 developing countries in all parts of the world. Their 
wide adaptability to diverse growing conditions re-
flects, in part, their agronomic characteristics. 

Both potatoes and sweetpotatoes have aconsider

ably shorter vegetative cycle than other root crops 
(Table I ). Hence they fit better into tight cropping 
systems than, for example, cassava which has agrowing 
period from 9 to 24 months, depending on soil fertility 
and ambient temperature. Although potato yields are 
highest under cool conditions, the crop is grown exten-
sively in areas with high daytime temperatures; e.g., 
Tunisia and Bangladesh (see Horton and Monares 1984; 
Scott 1988). However, potatoes do not tuberize well at 
night time temperatures that exceed 20'C (Midmore and 
Rhoades 1987). Partly for that reason, prime planting 
and harvestine dates for potatoes in most developing 
countries coincide with particular seasons during the 
calendar year. In contrast. :weetpotatoes, cassava. and 
other r(x)ts are best cultivated under higher tempera-
lures. Potatoes require less total rainfall than cassava: 
but rain must be fairly continuous, particularly at the 
beginning and during the tubeization phase of the veg-
etative cycle. Drought can be devastating for a potato 
crop, much less so in the case of cassava and sw,.et
potato. For commercial yields, potatoes need much 
higher inputs of fertilizer and organic matter, whereas 
cassava and sweetpotatoes are known as crops that will 
produce good returns even in po)or soils and without 
chemical fertilizers or heavy dos,:s of locally available 
oreanic matter. Cultural practires (e.g., handling of 
seed, weeding, pest control) all t,.nd to be more demand-
ing for potatoes than for cassava or sweetpotatoes. 

Furthermore, potatoes can normally be left in the
 
ground for only short periods after their prime harvest
ing date. Cassava is"stored in the ground," unharvested
 
for many months by farmers in developing countries.
 
The seasonal nature of root and tuber production isone
 
major reason why transformation of some sort is re
quired to enable their continuous use throughout the
 
year. The bio-chemical characteristics of these crops
 
constitute another.
 

Biochemical Traits 

Perishability and bulkiness are two singular traits of 
roots and tubers. Fresh cassava has adry matter content 
of about 40%; sweetpotatoes, 30%; and potatoes, 20%. 
Physiological deterioration of fresh cassava roots begins 
1-3 days after harvest (Ospina and Wheatley 1992). 
Although potatoes and sweetpotatoes have amuch longer 
shelf life, their harvested roots and tubers are also living 
organisms that require adequate respiration and proper 
handling to prevent sprouting, spoilage, or pest damage. 
While these particular bio-chemical traits present seri
ous problems for expanded utilization of these crops, 
others attributes-much less frequently mentioned
offer distinct opportunities. 

As Horton (1988) points out, "Root crops are often 
thought of as 'starchy staples' that provide low-cost 
energy but little else to the human diet;" and he goes on 
to note. this generalization ismisleading. Quantities of 
protein, essential vitamins, and minerals vary consider
ably across roots and tubers. On average, cooked po
tatoes and yams have about 2% protein, or twice that 
found in cassava (Table 2). Cassava, potatoes, and sweet
potatoes all provide ascorbic acid, whereas cereal-based 
foods have none. Potatoes and sweetpotatoes also con
tain the important amino acid lysine which commodities 
such as rice are deficient in (Woolfe 1987, 1992). Fur
thermore, cassava, potatoes, and sweetpotatoes signifi
cantly outyield the cereals in dry matter (i.e., calorie 
production) per unit area. Potatoes are particularly pro
ductive on a carbohydrate per hectare per day basis 
(Table 3). These various considerations hive strongly 
influenced production trends for roots and tubers over 
the last three decades. 

Production Trends 

Developing countries produced 149 million t of cas
sava, 122 million t of sweetpotatoes, and 79 million t of 
potatoes in 1988-90 (Table 4). Production increases for 
the period 1961-90 were 100%, 31%, and 173% for the 
three crops, although output of sweetpotatoes actually 
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Table 1. Characteristics of root and tuber crops. 

Sweet-
Characteristics Cassava Potatoes potatoes Tannia Taro Yam 

Growth period (mo) 9-24 3-7 3-8 9-12 6-18 8-11 
Annual or perennial plant per. ann. per. per. per. ann. 
Optimal rainfall (cm) 100-150 50-75 75-100 140-200 250 i15 
Optimal temperature (C) 25-29 15-18 >24 13-29 21-27 30 

Drought resistance yes no yes no no yes 
Optimal pH 5-6 5.5-6.0 5.6-6.6 5.5-6.5 5.5-6.5 n.a. 
Fertility requirement low high low high high high 
Organic matter requirement low high low high high high 

Growable on swampy, 
water-logged soil no no no no yes no 
Planting material stem tubers vine corms/ corms/ tubers 

cutting cutting cormels cormels 
Storage time in ground long short long long moderate long 
Postharvest storage life short long short long variable long 

Source: Derivedfrom Kay, D.E. 1973. TropicalProductsInstitute. London, as presentedin Horton 1988. 
n.a. = Data not available. 

Table 2. Nutritional composition of a 100 g edible portion of various foods. 

Protein/ 
Caloric 

Pro- Food Ratio Thin- Ribo- Ascorbic 
Water tein Energy (g/000 Fats Ash CA P Fe Na K mine flavin Niacin Acid 

Food" (%) (g) (kcal) (g) (mg) (mg) (mg) (mg) (mg) (mg) (mg) (mrg) (mg) (mg) (mg) 

Maiz (grits) 87 1.2 51 24 0.1 0.6 I 10 0.1 205 II 0.02 0.01 0.2 0 
Potatoes 80 2.1 76 27 0.1 0.9 7 53 0.6 3 407 0.09 0.04 1.5 16 
Plantains 80 1.3 77 17 0. 1 0.7 _b b b b b b b b b 

Taro(raw) 73 1.9 98 19 0.2 1.2 28 61 1.0 7 514 0.13 0.04 1.1 4 

Yams (raw) 74 2.1 101 21 0.2 1.0 20 69 0.6 -- 600 0.10 0.04 0.5 9 
Rice 73 2.0 109 18 0.1 1.1 10 28 0.2 374 28 0.02 0.01 0.4 0 
Spaghetti 72 3.4 II1 31 0.4 1.2 8 50 0.4 I 61 0.01 0.01 0.3 0 

Sweetpotatoes 71 1.7 114 15 t).4 1.0 32 47 0.7 10 243 0.09 0.06 0.6 17 
Common 
beans 69 7.8 118 66 0.6 1.4 50 148 2.7 7 416 0.14 0.07 0.7 0 

Cassava 68 0.9 124 7 0.1 0.6 b b h b b 6 b b 26 

Fresh white 
bread 36 8.7 269 32 3.2 1.9 70 87 0.7 507 85 0.09 0.08 1.2 trace 

Source.- US Dept. ofAgriculture (USDA). 1975. Composition offoods. US Dept. ofAgriculture, Washington, D.C., USA: 
W-T Wu-Leung, F. Busson, and C. Jardin. 1968. Food composition tablefor use in Africa. US Dept. ofHealth, 
Education and Welfare, Public Health Service, Bethesda, MD, USA as presented in Horton 1988. 

"Boiled unless otherwise indicated. Edible portions of potatoes and other root crops and plantains do not include peel-.
1 'Dashes denote lack of reliable data. 
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Table 3. Top ranking food crops in developing market economies in terms of dry matter production/ha 
and edible energy and protein production/ha/day. 

Dry matter prod/ha Energy prod/ha/day Protein prod/ha/day 

Crop t Crop mj Crop kg 

Cassava 3.0 Potatoes 216 Cabbages 2.0 
Yams 2.4 Yams 182 Dry broad beans 1.6
Potatoes 2.2 Carrots 162 Potatoes 1.4
Sweetpotatoes 2.1 Maize 159 Dry peas 1.4 
Rice 1.9 Cabbages 156 Eggplants 1.4 

Carrots 1.7 Sweetpotatoes 152 Wheat i .3
Cabbages 1.6 Rice 151 Lentils 1.3 
Bananas 1.5 Wheat 135 Tomatoes 1.2
Wheat 1.3 Cassava 121 Chickpeas 1.1
Maize 1.3 Eggplants 120 Carrots 1.0
 

Source."Horton and Fano 1985. 

Table 4. Food crop production in developing countries, 1961-90. 

I988-90 Change (%)a 

Production Area Yield Production Area Yield 

(000t) (000 ha) (t/ha) I 2 3 I 2 3 I 2 3 

Rice. paddy 484,379 143,000 3.4 52.3 52.6 132.4 17.7 6.6 25.5 29.5 43.1 85.2
 
Wheat 224.612 100.450 2.2 79.5 94.0 248.3 19.8 
 12.9 35.3 49.8 71.8 157.4
 
Maize 196,916 83.213 2.4 73.1 65.1 185.9 22.0 14.7 40.0 
 41.9 43.9 104.3
 
Cassava 149,193 15,074 9.9 
 41.2 41.3 99.5 28.4 17.8 51.3 9.9 19,9 31.8 

Sweetpotatoes 122,057 9.063 13.5 52.2 -14.1 30.6 -4.1 -24.9 -28.0 58.7 14.3 81.4
 
Pntatoes, 79,066 6.363 
 12.4 73.8 56.8 172.5 31.9 35.7 79.0 31.7 15.6 52.3 
Soybeans 48,857 30.255 1.6 130.7 169.2 521.0 27.6 104.7 161.3 80.8 31.5 137.7 
Bananas 44,766 4,(X)4 11.2 43.7 45.4 108.9 41.0 25.7 77.2 1.9 15.6 17.9 
Sorghum 42.288 38,60) 1.1 38.7 3.4 43.4 -0.8 -5.7 -6.5 39.9 9.7 53.4 

Tornatoes 33.881 1.848 18.3 78.0 118.8 289.4 48.0 59.0 135.3 20.3 37.6 65.5 
Millets 26,894 34,994 0.8 17.9 2.0 20.3 2.3 -12.5 -10.5 15.3 16.6 34.4 
Barley 25.156 18.401 1.4 -7.0 35.3 25.9 -15.6 6.8 -9.9 10.2 26.8 39.7 
Groundnuts in shell 21,907 19.687 1.1 19.0 34.5 60.0 14.8 4.5 19.9 3.6 28.7 33.4 
Yams 18.083 2.087 8.7 53.6 36.2 109.2 34.3 31.0 76.0 14.4 3.9 18.9 

Cabbages 15,774 19.3816 65.9 71.4 184.3 27.8 18.7 51.8 29.8 44.3 87.3 
Bean,,. dr, 13.324 23.88() (.6 17.9 24.4 46.7 15.4 15.1 32.9 2.1 8.1 10.4 
Chickpe , 6.29)4 9.204 0.7 -18.3 9.4 -10.6 -16.3 -4.2 -19.8 -2.4 14.2 11.5 
Broad beans. dry 3.657 2.822 1.3 -22.4 2.6 -20.4 -23.7 -19.9 -38.9 1.6 28.1 30.2 
Lentils 2,0)93 2.()(X) 0.7 24.5 108.9 160.0 22.2 61.1 96.8 1.9 29.7 32.1 
Source. FAO Basic Data Unit, unpublished statistics. 
a= (1973-75 vs 1961-63): 2 = (198-91 vs 1973-75); 3 (1988-90 vs 1961-63). 
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declined by 14% in the latter half of the period. Area 
planted to sweetpotatoes also fell sharply in recent 
years. However, this was more than offset by a near 
doubling of yields. Area planted in potatoes grew steadily 
over the last three decades-up 79% since 1961; more, 
in fact, than any other of the major food crops except 
soybeans and tomatoes (albeit that it started from a 
much smaller base than thecoarse grains or beans). Area 
in cassava production grew by about 50%. Yields im-
proved 32c%. Prospects for product development for 
roots and tubers reflect, broadly speaking, all these 
tendencies; however, production trends have been high-
ly varied, not only across commodities but also for the 
same commodity across (and even within) regions. 
Statistics on the evolution of output, area planted, and 
yield, therefore merit closer scrutiny. 

Regional Distribution 

Although cassava, potatoes, and swetpotatoes all origi-
nated in Latin America, the principal locus of their 
production has gravitated away from this region. Two-
thirds of"current developing country output of these 
crops is in Asia, and this distribution has tended to 
become more concentrated over time. T7is pattern lar
gely reflects the high concentration of potato (76%) and 
sweetpotato (93%) production in the region. China a!one 
produces nearly 40% of the developing world's potatoes 
and over ,5% of its sweetpotat-es (Tables 5 and 6). 

Africa still produces nearly half (44%) the developing 
world's cassava (Table 7). Output of potatoes and cas
sava grew much faster in Africa and Asia whereas pro
duction of sweetpotatoes in Latin America actually 
declined by 22% since 1961. 

Asia has the lirgest number (n=33) of potato-prod
ucing countries and the heaviest concentration of big 
producers (Table 8). Africa has more cassava-(n=38), 
and sweetpotato-(n=36) producing countries. In con
trast, Latin America has numerous countries that prod
uce minor quantities (<10,000 t/yr) of cassava (n=12) 
and sweetpotatoes (n= 12). 

Sweetpotato 
Although cassava, potatoes, and sweetpotatoes are grown 
in many more countries than perhaps is commonly 
realized, production is concentrated in relatively few 
locations. For example, 16 countries with the largest 
sweetpotato production account for nearly 97% of this 
total (Table 9)and also for 98% of the change in output 
since 1961. 

Recent trends in sweetpctato area planted and pro
duction have been highly uneven. In anumber of coun
tries, output and area have fallen (e.g., China, Indonesia, 
Philippines, Brazil) since the mid- 1970s. Reasons cited 

Table 5. Potato production, area, and yield in developing countries by regions, 1961-90. 

1988-90 Change (%)a 

Production Area Yield Production Area Yield 

(000t) (O00 ha) (t/ha) 1 2 3 1 2 3 1 2 3 

Africab 6,116 650 9.4 75.0 91.1 234.3 86.7 48.0 176.4 -6.3 29.1 21.0 
(Sub-Saharan)c 2.282 381 6.0 70.3 40.8 139.9 83.3 31.4 140.9 -7.1 7.2 -0.4 
Asiad 60,073 4,695 12.8 89.7 58.3 200.4 39.9 46.0 104.3 35.6 8.4 47.0 
(China) 31,597 2.801 11.3 99.9 22.5 144.8 41.9 37.6 95.3 40.8 -11.0 25.4 
Latin Americae 12,877 1,018 12.7 29.2 38.8 79.3 1.4 -1.7 -0.3 27.4 41.2 79.9 

Total 79,066 6,363 12.4 73.8 56.8 172.5 31.9 35.7 79.0 31.7 15.6 52.3 

Source: FAO Basic Data Unit, unpublished statistics. 
1I= (1973-75 vs 1961-63); 2= (1988-90 vs 1973-75); 3 = (1988-90 vs 1961-63).

hAfrica not including South Africa. 
'Africa - (Morocco, Algeria, Tunisia, Egypt, Libya) - (South Africa).
'tAsia - (Israel, Japan) + Oceania - (Australia, New Zeland). 
eNorth and Central America + South America - (Canada, USA). 
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Table 6. Sweetpotato production, area, and yield in developing countries by regions, 1961-90. 

1988-90 Change (%)a 

Production Area Yield Production Area Yield 

(0001) (000 ha) It/ha) I 2 3 1 2 3 1 2 3 

Africa h 6.492 1.315 4.9 44.5 29.7 87.4 73.0 18.3 104.6 -16.4 9.6 -8.4 
(Sub-Saharan)" 6.401 1.311 4.9 46.1 29.5 89.3 73.6 18.3 105.4 -15.8 9.5 -7.9 
Asial I113.380 7.453 15.2 53.7 -151 30.1 -8.9 -29.5 -35.7 68.6 20.0 102.4
 
(China) 104.824 6,304 16.6 58.0 -15.7 33.2 -10.5 -31.8 -39.0 76.5 23.7 118.3
 
Latin America" 2,185 
 295 7.4 14.5 -31.6 -21.6 12.5 -23.2 -13.6 1.8 -11.0 -9.3 

Total 122.057 9.063 13.5 52.2 -14.1 30.6 -1.1 -24.9 -28.0 58.7 14.3 81.4 

Sou rcc: FlA Basic Data IIn it, unpublishedstatistics. 
"I= i 197i-75 vs 1961-63: 2 = 1988-90 vs 1973-75); 3 = (1988-90 vs 1961-63). 

V'Africa not including South Africa. 
'Africa - (Morocco. Algeria. Tunisia. Egypt. Libya) - (South Africa). 
,AVia - Israel. Japan) + Oceania - (Australia. New Zeand). 

'North and Central America + South America - (Canada. USA). 

Table 7. Cassava prduction, area, and yield in developing countries by regions, 1%1.90. 

1988-c0 Change (%)0 

Production Area Yield Production Area Yield 

(0001) (00(lha) /ha) 2 3 I 2 3 1 2 3h I 

.\ frica h 65.344 S.410 7.7 35.2 9.6 102.3 25.3 18.4 48.3 7.9 26.4 36.4 
iSuh-Saharan)C 65,344 8.440 7.7 35.2 49.6 102.3 18.A 48.3 7.9 36.425.3 26.4 
Asia" 52.836 4,013 13.2 61.4 74.7 181.8 27.0 36.5 73.4 27.1 27.9 62.6 
WChina) 3.271 230 14.2 99.1 38.5 175.9 93.4 18.2 128.5 3.0 17.3 20.7 
Latin America" 31.013 2,621 11.8 33.4 -2.1 39.1 -3.7 33.9 1.7 -2.530.6 -4.1 

Total 149,.193 15.074 9,9 41.2 41.3 99.5 28.4 17.8 51.3 9.9 19.9 31.8 
Source: lI Basic Data (nt;., unpublishedstatistics. 
"1= 1973-75 \s 1961-631: 2 = (1988-90 vs 1973-75). 3 = (1988-90 vs 1961-63). 
h',,'rica not including South Africa. 

'Africa - (Morocco, Aleeria. Tunisia. Egypt. Libya) - (South Africa). 
Vria - (Israel. Japan I + Oceania - (,Australia, New Zeland).

eNorth and Central America + South America - (Canada, USA). 



Table 8. Distribution of developing countries by voltac of cassava (C), potato (P), and sweetpotato (SP) 
production, 1988-90. 

Number of countries 

Africa Latin America Asia Total 

Production C P SP C P SP C P SP C P SP 

O/no information 16 24 18 19 25 25 44 32 40 78 81 83 
<1O.O t 4 6 1) 12 4 12 6 6 8 22 16 30 
<50.0(X) 6 II 11 5 6 1 3 6 4 14 23 16 

<250,(x t 8 7 7 4 4 5 4 9 4 16 20 16 
>250.() t 20 6 8 8 8 4 8 12 9 36 26 21 

Total 54 54 54 47 47 47 65 65 65 166 166 166 

Source: FAO Basic Data Unit, unpublished statistics. 

Table 9. Sweetpotato production, area, and yield in selected developing countries, 1961-90. 

1988-90 Change (%)a 

Production Area Yield Production Area Yield 

Countrvb (000 t) (000 ha) (t/ha) I 2 3 1 2 3 1 2 3 

China c 104,824 6,304 16.6 58.0 -15.7 33.2 -10.5 -31.8 -39.0 76.5 23.7 118.3 

Indonesia -,18 232 9.1 -20.9 -12.8 -31.0 -26.6 -31.9 -50.0 7.8 27.9 37.9 
Vietnam 1,920 328 5.0 J.6 74.6 66.6 -5.1 50.1 42.5 0.5 16.4 16.9 
Uganda 1,718 412 4.2 201.2 3.7 212.4 209.1 -15.1 162.4 -2.6 22.2 19.0 
India 1,262 159 8.0 56.2 -18.4 27.6 49.5 -26.7 9.7 4.5 11.3 16.3 
Rwanda 817 147 5.5 12.0 43.1 60.2 9.0 81.9 98.2 2.7 -21.3 -19.2 

Brazil 683 68 10.1 15.5 -59.2 -52.9 6.0 -55.9 -53.2 8.9 -7.6 0.7 
Philippines 675 140 4.8 11.8 -17.1 -7.3 17.6 -19.6 -5.4 -4.9 3.1 -2.0 
Burundi 655 91 7.2 -11.3 57.3 39.4 -0.5 36.5 35.8 -10.9 15.2 2.7 
Kenya 561 57 9.8 80.0 107.7 273.8 23.4 81.1 123.4 45.9 14.7 67.3 
Bangladesh 538 52 10.4 95.0 -21.2 53.7 64.1 -19.3 32.5 18.8 -2.3 16.0 

Korea Rep. 528 23 22.6 45.2 -68.8 -54.7 18.8 -74.3 -69.4 22.2 21.4 48.4 
Tanzania 526 245 2.1 92.3 29.1 148.3 367.4 70.9 698.9 -58.9 -24.5 -68.9 
Korea DP 501 35 14.4 38.4 57.8 118.3 42.9 48.6 112.2 -3.1 6.2 2.9) 
Madagascar 479 91 5.3 -14.2 81.3 55.6 0.0 57.8 57.8 -14.2 14.9 -1.4 
Papua New Guinea 460 101 4.6 37.9 12.8 55.6 21.6 12.2 36.5 13.4 0.5 14.0 

All developing 
countries 122,057 9,063 13.5 52.2 -14.1 30.6 -4.1 -24.9 -28.0 58.7 14.3 81.4 
Source."FAO Basic Data Unit, unpublished statistics. 
"I = (1973-75 vs 1961-63); 2 = (1988-90 vs 1973-75); 3 = (1968-90
hData are for the 16 countries with the largest production. 

vs 1961-63). 

"Includes Taiwan. 
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for this include: (I) expansion of production infrastruc-
ture (i.e., irrigation) for other crops, and (2) switching 
to higher value vegetable crops in response to growth in 
urbanization :-zome, and the associated demand for a 
more divcrstied diet (see e.g., Calkins 1979, Chin 
1989).2 Trends in sweetpotato production have been just 
the opposite in several other countries. Sweetpotato 
output expanded rapidly during the last decade in vari-
ous locations including Kenya, Rwanda, Burundi, the 
Democratic Republic of Korea, and Madagascar. Rapid 
population growth resulting in increased pressure on 
farmland was a prime factor explaining this trend in 
many of these countries: e.g., Rwanda (see Von Braun 
et al. 1991). Minimal prodution costs and the crop's 
ability to do well on even marginal soils also contributed 
to this trend (Ewell and Kirkby 1991). 

More broadly speaking, 7 of the 16 countries 
producing the largest amounts of sweetpotato have ex-

perienced a drop in production since 1973-75. In the 
absence of detailed information, most observers at-
tribute this to weak demand or tne lack of alternative 
markets (see CIP 1988, 1988a, ;989). A recent survey of 
national program scientists found that, in their opinion, 
these two factors were by far the most important con-
straints to increased production (CIP 1989a). 

Potato 
Eighteen of the largest potato-growing countries 
produce nearly 90% of the developing world's potatoes 
(Table 10) and account for almost 90% of the increase 
in production since 1961. In addition to China, the 
biggest growth in output has taken place in South Asia 
(Bangladesh, India and Pakistan), North Africa (Al-
geria, Egypt and Morocco) and the Middle East (Iran 
and Turkey). The potato fits extremely well into the 
cereal-based cropping systems found in these countries. 
The introducticn of improved, short-duration varieties 
if wheat and rice into these systems has opened up a 

iiche in the agricultural calendar. The availability of 
irrigation, abundant supplies of cheap labor-par-
ticularly in South Asia-and the introduction of im-
proved varieties and chemical fertilizers, have 
facilitated arapid rise in yields and an expansion in area 
planted (see e.g., Chowdhury andSen 1981;Scott 1988; 
Kokab and Smith I989). The huge increase in output in 
Colombia is also noteworthy. Growth there seems part-

ly attributable to the rapid expansion in the processing 
sub-sector (Rodriguez and Rodriguez 1992). 

The strong internal demand for food, the desire by 
the vast majority oflow-income consumers to diversify 
their diets; modest per capita consumption of potatoes, 
in the case of the North African countries, the highly 
lucrative, European export market; and, in South Asia 
the expansion in postharvest infrastructure (i.e., cold 
storage facilities) have alsocontributed strongly to these 
trends. Inseveral Latin American countries, on the other 
hand, potato production has been adversey affected by 
drought, cheap imports of cereals, and, in the case of 
Chile, a shift in area planted to higher value, fruit and 
vegetable crops for export (see Fu 1979; Scott 1985). 

Several other, less important prodt;cers have wit

nessed substantial increases in potato output over the 
last three decades (e.g., Syria). In these countries, as 
well as the aforementioned cases, policy makers and 

potato scientists are increasingly interested in devel
oping alternative uses for this commodity to avoid a 
possible collapse in prices resulting from an abrupt 
saturation of the domestic market. In a recent survey, 
unstable prices and supplies were cited by national 
program scientists as the most important constraints to 
increased potato production (see Scott 1991). 

Cassava 
Five countries produce 64% of the developing world's 
cassava: Brazil, Thailand, ZaYre, Nigeria, and Indonesia 
(Table I I). Thus, although cassava ranks second in 
Latin Americain annual production (fresh weightbasis) 
among the 19 major food crops, Brazil harvests 74% of 
the regional total. Zaire and Nigeria account for about 
50% of Africa's cassava; Thailand and Indonesia for 
over 70% of all the cassava grown in Asia. As with 
potatoes and sweetpotatoes, however, trends in cassava 
production across countries have been highly uneven. 

Among the eight largest producers in Sub-Saharan 
Africa, increases in cassava output for the period 1961
90 were 90% or more in six cases (Tabie II). Dorosh 
(1989) argues that the major factors that have con
tributed to the growth of cassava production in these 
countries include "the low labor input requirements, 
ability to produce acrop on degraded soils, and drought 
tolerance." Unlike the labor-abundant economies of 

2 Little quantitative research has been done oin the relationship between changes in income and the consumption of fresh sweetpotato 

roots in developing countries. Studies carried out in the Philippines (Alkuino 1983; Bouis 1991) and Peru (Collins 1989) show this 
relation to be much more complex than previously believed with consumers' response depending on income levels, sweetpotato 
varieties, place of residence and so n(see also Watson 1989). 
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Table 10. Potato production, area, and yield in selected developing countries, 1961-90. 

1988-90 Change (%)a 

Production Area Yield Production Area Yield 

Country i '  (000 t) ((XX) ha) (tlha) 1 2 3 1 2 3 1 2 3 

China 31.597 2,801 11.3 99.9 22.5 144.8 41.9 37.6 95.3 40.8 -11.0 25.4 
India 14,558 925 15.7 82.1 181.1 411.9 41.8 69.7 140.7 28.4 65.6 112.7 
Turkey 4,237 191 22.2 55.0 82.5 182.8 28.1 5.5 35.1 21.0 72.9 109.3 
Argentina 2.656 112 23.6 7.4 57.5 69.2 -30.7 -5.1 -34.2 54.9 66.0 157.0 
Colombia 2,560 168 15.2 68.5 128.4 284.8 56.0 67.4 161.1 8.0 36.4 47.4 
Brazil 2,222 163 13.6 37.9 42.9 97.1 -2.6 -14.5 -16.7 41.5 67.2 136.6 

Korea DP 2.042 155 13.2 55.2 82.7 183.6 36.4 54.7 110.9 13.8 18.1 34.4
 
Iran 1.984 124 l6.c 64.6 280.5 526.4 63.9 271.0 508.2 0.4 2.6 3.0
 
Egypt 1,719 80 21.4 90.7 131.7 341.9 75.0 91.3 234.7 9.0 21.1 32.0
 
Peru 1.651 192 86 17.1 -2.4 14.2 2.9 -26.9 -24.8 13.8 33.6 52.0
 
Bangladesh 1,144 117 9.8 127.4 44.8 229.3 49.4 38.2 106.5 52.2 4.8 59.5
 
Mexico 1,044 72 14.4 765 61.8 13l5.6 16.9 30.7 52.8 51.0 23.8 86.9
 

Algeria 903 106 8.5 81.3 113.5 287.0 161.4 73.8 354.3 -30.7 22 8 -14.8 
M,Wrocco 885 50 17.8 26.9 254.1 349.4 -o.3 152.5 136.5 35.5 40.2 90.0 
Chile 880 60 14.7 -3.3 11.2 7.5 -15.9 -22.4 -34.8 15.0 43.3 64.8 
Bolivia 695 131 5.3 45.2 -9.9 30.9 10.0 8.3 19.1 32.0 -16.8 9.9 
Pakistan 680 67 10.1 114.8 165.1 469.6 76.2 173.0 381.0 21.9 -2.9 18.4 
Nepal 627 82 7.7 29.3 107.7 168.6 27.4 55.1 97.6 1.5 34.0 35.9 

All developing 
countries 79,066 6.363 12.4 73.8 56.8 172.5 31.9 35.7 79.0 31.7 15.6 52.3 

Source: FAO Basic Data Unit,unpublished statistics.
 
al = (1973-75 vs 1961-63): 2 = (1988-90 vs 1973-75); 3 = (1988-90 vs 1961-63).
 
bData are for the 18 countries with the largest production.
 

Asia, most African agriculture has a much lower flexible planting and harvesting dates (Konjing 1989). 
man/land ratio. The relatively meagre manpower With the growth in exports of dried cassava to the 
needed for cassava cultivation as well as the fairly European Community (EC), strong market demand has 
flexible cultural practices make the crop attractive to also been a major contributing force to the growth in 
farmers with adiverse set of farm and non-farm occupa- production (see Phillips 1979; Sarma and Kunchai 1989). 
tions. Population pressure, shorter fallows, and the Similar agronomic factors have been responsible for the 
shortage of fertilizers and organic matter are added growth in cassava output in the Philippines (Cabanilla 
reasons growers in Africa are attracted to cassava 1989). Strong rural demand for food as well as the use 
(ibid.). of cassava for animal feed and manufacturing in the 

domestic market-the Philippines exports only negli-Cassvarovn tasbepoplarin haiandbe. gible quantities-have been other important reasons 
asecause of its high drought tolerance, stable yields, and beinteo hin othe inonan 

behind the growth in production. The Indonesian case 



Table 11. Cassava production, area, and yield in selected developing countries, 1961-90. 

1988-90 Change (%)" 

Production Area Yield Production Area Yield 

Country' (000 t) (000 ha) (1/ha) I 2 3 1 2 3 1 2 3 

Brazil 23.209 1.856 12.5 28.7 -10.1 15.8 37.5 -9.5 24.4 -6.3 -0.7 -7.0 

Thailand 22,424 1.543 14.5 221.3 254.0 1.037.5 283.3 235.4 1,185.6 -16.2 5.6 -11.5 
Zaire 17.333 2.256 7.7 29.1 51.6 95.6 22.4 36.9 67.5 5.5 10.7 16.8 
Niecria 16,636 1,504 11.1 30.1 68.6 119.4 23.5 49.4 84.5 5.4 12.9 18.9 
Indonesia 16.139 1.341 12.0 6.0 33.3 41.3 -3.9 -7.5 -11.1 10.3 44.1 59.0 
Tanzania 7-1.230 671 10.8 54.4 61.5 149.3 35.1 .14.3 15.7 14.3 88.5 115.4 

India 5.308 269 19.8 240.3 -16.7 183.4 42.4 -28.0 2.5 139.0 15.6 176.4 
Mozambique 4.019 941 4.3 23.1 25.6 54.6 6.7 17.7 25.5 15.4 6.7 23.1 
Paraguay 3,806 235 16.2 31.4 190.5 281.8 25.9 164.0 232.5 4.4 10.0 14.8 
14!anda 3.393 375 9.1 125.5 36.2 207.0 82.9 -29.1 29.6 23.2 92.2 136.8 
China 3.271 230 14.2 99.1 38.5 175.9 93.4 18.2 128.5 3.0 17.3 20.7 

Ghana ,.115 364 8.6 50.3 83.2 175.3 67.2 48.8 148.7 -10.1 23.2 10.7 
Vietnam 2.650 293 9.1 -0.7 134.4 132.8 0.4 90.9 91.7 -1.1 22.8 21.5 
.MadagaLcar 2,252 339 6.6 30.5 80.2 135.3 19.5 74.6 108.6 9.3 3.2 12.8 
Philippines 1,856 215 8.6 35.2 169.8 264.8 11.0 112.5 135.9 21.8 27.0 54.6 
,,nola 1.817 500 3.6 28.6 10.8 42.5 25.2 4.2 30.4 2.7 6.3 9.2 
All developing 
countries 149.193 15.074 99 41.2 41.3 99.5 28.4 17.8 51.3 9.9 19.9 31.8 

Source. fAG Basic Data Unit, unpublisei(d'statistics. 
(II 19/3-75 vs 1961-63): 2 = (1988-90 vs 1973-75); 3 = (1988-90 vs 1961-63).
bData are for the 16 countries with the largest production. 

presents both elements. Cassava exports are consider- pects for expanded utilization of cassava in northeast 
able in volume and value terms. 3 Roughly 35%4 of Brazil appear to have slowed, if not reversed, this trend 
domestic output goes to the local starch industry for in recent years (see Ospina and Wheatley 1992). The 
human consumption (see Kasrvno 1989). Brazilian experience with cassava--combined with simi-

In Latin America, growersgrwer inin Brazilrazl havehve switched America (see Best and Wheatley 1990), as well as inIn LtinAmeica withed lar developments in Colombia and Ecuador in Latin 
andde an as ed to 

to other more profitable crops which, in turn, reflects Aiad 
and Indonesia in Asia-has contributed toweakdemndhenc th delinein rodctio ( 0%) Thailand 

wndreadeantd: hen0%eteeinen pro3aduction(ros) renewed interest in the evolution of utilization patterns 
and area planted U10%) between 1973 and l990. Pros- for roots and tubers generally. 

Exports of gaplek (i.e.. dried cassava chips base) have fluctuated between 149.000 and 710,000 t since 1970. In 1986, 97% of these 
exports were to Germany (see Kasryno 1989). 
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Consumption and Utilization 

Roots and tubers are often thought ofas food crops first 
and last. While more than half of production goes for 
human consumption in fresh form, the share of output 
devoted to different uses varies considerably across 
crops, regions, and countries. Furthermore, utilization~or 
patterns for sweetpotatoes and, to a lesser extent, cas-
sava have experienced noteworthy changes over the last 
30 years. For example, processing for animal feed has 
assumed major importance in a number of countries, 
These trends, and prospects for similar developments in 

the future, mean consumption and utilization patterns for 

roots and tubers are the focus of increasing scrutiny. It 

also should be noted, however, that estimates ol "process-
ing" or "waste" as a percentage of root and tuber produc-

tion are difficult to interpret. In many countries, waste 
in the form of damaged roots and vines is processed or 
fed to livestock. On the other hand, some production is 
lost due to physical or autolytic processes, 
microbiological attack, and pest damage (see NAS 
1978). Furthemore, given the higher water content and 
bulkiness of roots and tubers, postharvest losses would 
appear to be higher than for the cereal crops (see Cour-
sey 1982). But little quantitative information is avail-
able other than that based on inferences of an a priori 
type (e.g., sweetpotatoes are perishable; therefore, a 
certain percentage of the harvest is lost) or desktop
"guesstimates." Consequently. available statistics must 
be interpreted with caution. 

An estimated 60% of potato production in develop-
ing countries is for human consumption, 15% for feed, 
10% for seed, 5% for processing, and about 10% is lost 
to waste (Table 12). FAO Food Balance Sheets statistics 

indicate these percentages have remained constant over 
time. Potatoes are eaten in one of four different ways in 
the tropics: as a basic staple, a complementary 
vegetable, a seasonal vegetable, or a delicacy to be 
consumed on special occasions (Poats 1983). 

In most countries, potatoes are aseasonal vegetable 
or mostlcou nt epares e dietablya delicacy. They are the centerpiece of the diet only 
in the highlands of South America and parts of Central 
Africa. What is noteworthy, however, is their rapidly 
adingWhas no e ynt vegethein South 

expanding role as acomplementary vegetable in outh 
Asia (e.g., Pakistan, India, and Bangladesh), in North 

Africa (e.g., Egypt, Tunisia) and in eastern and southern 
Africa (e.g., Kenya, Rwanda, and Madagascar). Most 

consumers like the taste of potatoes, but find them too 
expensive to eat on a daily basis. 

Traditional or simple rustic processing of potatoes 
for human consumption is a common practice in Peru, 
Bolivia, and, to a lesser extent, Ecuador. Typically po
tatoes are solardried (see Yamamoto 1987). Amodern
ized version of such practices has also been tried in 
Colombia (Mantilla 1988) and Guatemala (Esquite and 
Perez 1990). Simple processing of potatoes is also prac
ticed in Madagascar on a limited basis (Rasolo et al. 
1987) and is being tested experimentally in Cameroon 
(Nave 1989) and Zaire (Ravuna 1990). Potatoes are 
processed at the village-level in Bangladesh, India, and 
Pakistan (see e.g., CTI n.d.; Sikka 1988). 

The potato tends to be a relatively costly com
modity in most developing countries. Hence the value 
added involved in transformation makes them prohibi
tively expensive as processed food products for all but 
the highest income households, or simply non-competi
tive vis-,-vis cheap substitutes for industrial use (as 

Table 12. 	Changes in utilization (%) of cassava (C), potatoes (P), and sweetpotatoes (SP) in developing 
countries, 1961-90." 

1961-63 1973-75 	 1988-90 

Utilization C P SP C P SP C P SP 

Food 69.6 62.7 76.6 68.5 59.8 69.8 70.1 61.7 52.0 
Feed 12.9 13.5 12.4 14.0 17.9 19.1 12.0 15.1 37.0 
Processing" 3.5 2.4 4.8 3.7 4.1 5.0 4.3 5.5 5.3 
Seed 0.0 13.1 0.3 0.0 10.1 0.1 0.0 8.5 0.1 
Waste 14.0 8.3 5.9 13.9 8.1 6.0 13.6 9.2 5.7 

Source: FA 0 Food Balance Sheets, unpublished statistics. 
aTotals may not add up to I0) due to rounding. 
1Includes other uses. 
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starch) or livestock feed (see e.g., Gomez and Wong 
1989). China is an exceptional case where a growing 
share of potato production goes to noodle-making, 
flour, and snack foods (Gitomer 1987). 

Producer prices for potatocs in relation to unit pr 
ductonunerlivbeeost hae qute asduction costs have generalhy been quite favorableavoabl as 

witnessed by the sharp increase in area planted in Asia, 
Sub-Saharan Africa, and parts of Latin America. As a 
result, only in the last decade or so have bumper crops 
for potatoes in a number of countries stirred an interest 
in serous attempts to develop alternative market outlets. 

Growth of the fast food industry in Southeast Asia. 
Central America, Mexico. and parts of South America 
(Colombia and Brazil) represent an exception to this 
scenario. Strong demand for potatoes in this particular 
market niche in these locations appears to override cost 
considerations in the short-run and serves as an attrac-
tive financial incentive to expand local supply to cater 
to industry needs in the medium term (Scott et al. 1992). 

Feed statistics in great measure reflect the substan-
tial use of potatoes in China for pig feed. Most of this 
involves the use of small, decayed tubers and vines (see 
Gitomer 1987). Feed use f potatoes in Africa and Latin 
America is negligible and largely confined to on-farm 
utilization of non-marketable tubers. 

Sweetpotato Utilization 

Utilization patterns for sweetpotatoes have undergone 
Some majorchanges in the last three decades, particular-
ly in Asia (see Scott et al. 1992a). Whi i, over 50% of 
the output still goes for human consumption in fresh 
form in all three regions, nearly 40% of the production 
now serves as animal feed (Table 12). Processing of 
sweetpotatoes for human and industrial use has also 
attracted growing interest, 

Much less isknown about consumption patterns for 

sweetpotatoes than cassava or potatoes (Horton et al. 

1984). It isconsidered apoornian's food"ora survival 
crop in many parts of Latin America, Africa, and Asia 
(see e.g., Collins 1989: Watson 1989). However, it is 
also eaten as a seasonal vegetable and, tinder certain 
market conditions, actually can be sold at a higher price 
than potatoes (see e.g., Maggi 1990). 

Sweetpotatoes are most commonly boiled in devel
oping countries. In China, for example, they are peeled 
and cooked with rice in a breakfast porridge. They are 
also served fried, roasted, or mashed (Fig. I ).Sweetpotato 
leaves or "tips" are a delicacy in the Philippines, as wellsaompratsppeetrysuc-f seta 
as an important supplementary source of essential 
vitamins atid minerals at certain times of the year.4 

Sweetpotato processing for human consumption is 
also remarkably diverse and widespread (Woolfe 1992). 
Sonic 5- 10)% of annual production in China is processed 
into noodles, starch, chips, and candy (see Tang et a!. 
1990). Ketchup, a soft drink, cakes, and candies are all 
made from sweetpotatoes in the Philippines (sce Truong 
1989). Dulce de batata, a cheese-like sweet, is among 
the most popular dessert dishes in Argentina (Boy et al. 
1989). A recipe substituting grated, fresh sweetpotatoes 
for imported wheat flour has gained a foothold in the 
Peruvian bread market (Cavero et al. 1991 ). These are 
but a few of the most noteworthy examples. 

Sweetpotato is almost always used-in some form, 

in some amount-as an animal feed wherever it is 
produced in developing countries. F-AO statistics indi
cate sweetpotato use for animal feed is 40% of total 
output in China, 35% in Brazil, 3(0% in Madagascar, 
17% in the Republic of Korea, and 5% or less in the 
remaining I I of the 15 largest sweetpotato producers. 
The estimated percentages have remained stable during 
the last three decades in all the countries except China 
(,12%in 1961-63) and Korea (2%in 1961-63. flow
ever, recent Chinese estimates indicate as much as 35%i 
of sweetpotato output now goes to animal feed. 5 Ex
planations for this sharp increase include growth in 
cereal production-meaning fewer sweetpotatoes are 
needed to supplement cereal consumption; rising de
mand for meat products (principally pork) for which 
sweetpotatoes serve as a feed component (Ge 1992); 
and changes in government policy; e.g., the introduction 
of the "responsibility system." which permits the sale 
of agricultural surpluses for profit. Furthermore, an EC 
bilateral agreement allowed China to export brto0,()todre swepatchstom up 

countries duty free during the 1980s (see Calpe 1992). 

Roots for pigs and vines for cattle are the most 
commonly cited forms of sweetpotato utilization as 
animal feed in Asia as well as in Africa and Latin 
America (Scott 1992: Woolfe 1992). Both are employed 
in a variety of ways. Many sweetpotato farmers in 

4 Personal communication. Dr. Ilowarth Bouts. International Food Policy Research Institute I IFPRI). Washington. D.C..
5Personal communication. Prof. Z. Tang. Crop Research Institute, Sichuan Academy of Agricultural Sciences (see also Tang et al. 

1990). 
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Figure 1. Comprehensive utilization of sweetpotato. 
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northern China slice and then dry the roots before using
them as pig feed (Lu et al. 1989. This type of simple 
processing often takes place in the field itself. Slicing, 
then sun-drying the roots, is a well-known procedure for 
production of pig feed from sweetpotatoes in Taiwan 
(Calkins 197 9;Tsou et al. 1989). It has also been done-
although on a more limited basis--in the Philippines
(Palomar et al. 1989) and Vietnam (Hoang et al. 1989).6 
Virtually all feed production from sweetpotatoes takes 
place at the farmer or village-level. Only limited quan-
titles of composite feeds are produced industrially. 

Cassava Utilization 

About 70% of cassava production goes to human con-
sumption in Africa and Asia. Less than half of cassava 
output is eaten fresh in Latin America. According to 
FAO estimates, these percentages have remained stable 
over the last three decades (Table 12). 

Although Irocessing ocassava into (fried chips forsi h asaa ealthouh reedcin todried chiptfor 
animal feed in Asia has attracted great attention (see
Phillips 1979:; Calpc 1992), on a fresh weight basis,Phtillip 197Capc oianfeshe mei ,ses a w b
Latin America uses six and a half times the volume of 
cassava for feed purposes 1.71 vs I1.2 million t). The 
attention-getting in Asia has materialized because a 
hetty share of fresh cassava has been dried into chips 
or export to the EC. This highly lucrative market has 

spawned huge increases in production in selected coun-
tries, most notably Thailand, and has infused a profit-
seeking dynamism into the processing sub-sectors for 
this commodity in several Asian economies. Price sup-
ports and subsidies to locally produced feed inputs as 
well as cheap imports-both largely the result of' goy-
ement policy-have damrpened the stimulative e v-

effects 
ofa ushrooming demand formeat products on cassava 
1989). 

The role of fresh cassava in the diet varies from that 
of abasic foodstuff among rural households in Central 
and West Africa, parts ofSouth Asia, LatinAmerica, and 
the Far East to a high-priced vegetable in urban market, 
in many of these same locations (Horton et al. 1984). The 
form inwhich cassava isconsumed varies corsiderably, 

InLatin America, Lynam (1989a) observes that the 
roots are traditionally eaten in one of three principal 
ways: fresh (boiled or fried); as a roasted flour called 

farinha de mandioca particularly in North and North
east Brazil and neighboring territories; and, as atype of 
unleavened bread called casabe in the Caribbean basin 
(see also Lancaster et al. 1982). In Sub-Saharan Africa, 
cassava roots are consumed fresh as a major staple in 
man) areas or eaten as a vegetable in others (Dorosh 
1989). Cassava leaves are also eaten as a vegetable
particularly in Central Africa. Gari, adry granular meal 
made from fermented cassava, is the most common 
form of cassava consumption in West Africa. Dorosh 
(1989) estimates that "...gari may account for more than 
70% of cassava consumption in Nigeria, 40-50% in 
Cameroon, 40% of consumption in Gtana, 30% in Cte 
d'Ivoire." Other common forms of cassava consump
tion include a sun-dried cassava flour (called lafun in 
southwest Nigeria) and a sticky purse or heavy soup 
made from fermented cassava (Nigerianfoufou). In East 
Africa, cassava is commonly made into a flour from 
dried roots or chunks of roots. 

According to George (1989), baked roots are theprincipal form ofcassava consumption in India. He also 
observes that cassava is used in small amounts "...to 
make chips, flour, and sago, atype of wet starch that is
ratd readfnse. nIdnsa asv ot 
roasted, dried, and finished." InIndonesia, cassava rootsare eaten bo~iled, fried, or steamed (Kasryno 1989). They 
also are processed into gaplek (dried cassava chips) and
starch. 

Cassava has three other important uses in develop
ing countries: animal feed for the domestic market; 
industrial purposes such as ir starch and glue; and dried 
cassava for export. In Sub-Saharan Africa, only negligibly 
recorded quantities of cassava go to these uses. 7Feed 
rcre uniiso asv ot hs ss 
(37%) and other non-food uses (7.6%) account for almosthalf of cassava output in Latin America. About 10% of 
cassava availability in Asia is for feed and processing. Asia 
annually exports another 20 million t fresh weight in theform of dried cassava-nearly the equivalent of -egional 
production-primarily to Europe. This latter type of use 
has been the most dynamic, increasing from an average 
of 1.7 million t (in fresh roots) annually in 1961-63 to 
20.3 million t in 1981-83 (Sarma and Kunchai 1989).8 
Unfortunately prospects for increased, if not at least 
continued, cassava exports to Europe and possibly other 
developed countries are overshadowed by impending
changes in trade agreements; i.e., the Uruguay Round 
of the General Agreement on Tariffs and Trade (GATT). 
These developments suggest this type of cassava utiliza

6 In the Philippines. drying and slicing the roots has apparently not been profitable (see Palomar et al. 1989). 
7 FAO Food Balance Sheet statistics indicate less than 2%of cassava production goes to feed use or processing.

9Thailand alone accounted for 17.6 million t.China 1.5 million t.and Indonesia t.1 million t in 1981-83 (Sarma and Kunchai 1989).
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tion has limited potential for expansion because of the 
possible abolishment of special trade arrangements that 
facilitated its emergence and growth. Partly for that 
reason, attention has increasingly focused on the inter-nal market for cassava-based products in many develop-
ing countries. 

Dry cassava for inclusion in concentrated feed ra-
tions has established itself as a growth node for rural 
development projects in parts of Colombia, Ecuador, 
and Northeast Brazil over the last ten years (see Best 
and Wheatley 1990, Ospina and Wheatley 1992). The 
success of these efforts has generated questions about 
the feasibility of replication in other parts of the devel-
oping world. This will depend on future developments 
in a number of key areas. 

Future Developments 

In addition to changes within the cassava, potato, and 
sweetpotato economies of developing countries, pros-
pects for product development for roots and tubers will 
b greatly influenced by aseries of other factors. These 
include demographic changes; growth in incomes; avail-ability of substitute food and feed sources; the evolution 

of the market for derivative products (e.g., meat, pro
cessed foods); government agricultural and trade policies;and, improved production and processing technology, 

Demographic Changes 

With the notable exceptions of China (1.3%), Brazil 
(1.8%), India (1.8%), Indonesia (1.7%), and the Philip-
pines (1.9%), most developing countries have projected 
population growth rates of well over 2.0% for the period 
1989-2000 (World Bank 1990). Since the vast majority 
of these households are located in rural areas, the result
ing pressure on land has important implications for both 
production and utilization of food crops. Growers will 
be compelled to modify their cropping patterns to give 
greater importance to higher yielding commodities, to 
bring more marginal land into regular cultivation, and 
to seek out ways for converting raw materials into, 
higher valued prodacts. 

The demand for food, both on and off the farm, as 
well as the aspirations for the fullest possible exploita-
tion of available production will stimulate farm families 
to reduce postharvest losses due :o dehydration, spoil-
age, or pest damage. The incentives to convert what 
cannot be readily sold or consumed at harvest into 
marketable products should be formidable. Inthis regard, 
Coursey (1982) notes that there is great potential to 

combine the acquired ingenuity of traditional practices 
with the formal knowledge derived from modem science. 

Urbanization will also have a strong influence onproduct development. Nearly one in three consumers inl
 
developing countries now resides in urban areas. 
Furthermore, rates of urbanization are two to three times 
the rates of population growth. For roots and tubers to 
compete moreeffectively with alternative commodities, 
e.g., to reduce transport costs, they will have to be 
processed in more significant quantities. Alternatively, 
urban consumers will increasingly demand food items 
that are easier to prepare and prcsrve. Changes in 
eating habits will also manifest themselves in greater 
demand for more diversified diets, i.e., less plant food 
and more livestock products, particularly meat. As a 
result, the established market niche for roots and tubers 
as animal feed could convert itself into a substantial 
share in the form of ingredients for feed concentrates. 

Income Changes 

Income changes have a somewhat more paradoxical 
effe on the oo frot deeom Fexample, rapid income growth may make the consump
tion of fresh roots and tubers less attractive to certain 

types of consumers; but then processed products suchas french fries could become more affordable. More
over, rising incomes typically increase the demand for 
meat products. Processed roots and tubers already serve 
as an important component in animal feed in many 
developing counties. Furthermore, this use has expanded 
as countries have been unable to expand feed production 
from cereal crops to satisfy mushrooming demand. China is 
aprine example (see Gitomer 1987). 

Government Policies 

Many countries have experienced dramatic reversals of 
government policy with regard to food and feed imports 
over the last few years, partly as aresult of changes in 
world markets, the burden of accumulated debt, or in an 
effort to create more opportun:ties for domestic agricul
turalproduction. Similarchangesintheyearsaheadwill 
strongly influence the potential for root and tuber crops 
as processed products. 

Several of the agro-biological and socio-economic 
factors outlined above will take time for their full impact 
to be felt. In the meantime, the prospects for the ex
panded use of roots and tubers as processed products 
would appear to be greatest in those regions and coun
tries where a substantial supply of the commodity al
ready exists, where food and/or feed shortages have 

/ 
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already materialized, and where continued or expanded 
imports of food or feed do not appear to be sustainable 
for economic or political reasons. In the case of roots 
and tubers for animal feed, a number of countries in Asia 
(e.g., sweetpotatoes in China, see Gitomer 1987) a~id to 
alesser extent in Latin America (e.g., cassava in Brazil, 
see Ospina and Wheatley 1992) would appear to meet 
these criteria. Preliminary indications also suggest an 
emerging market for processed potatoes in Central 
America and Southeast Asia. The prospect of accelerated
changes in government policies-with the attendant 
impact on production and utilization patterns for roots 
and tubers-raise further questions about the potential 
for future technological improvements for these com-

Technical Change 

for Roots and Tubers 


Improvements in yield, dn' matter content, and digest-
ibility of cassava, potatoes, and sweetpotatoes should 
make them increasingly more attractive as a primary 
material for processed products for human food and 
animal feed. For example, average yields for sweet-
potatoes in developing countries doubled over the last 
25 years, primarily because of developments in China 
(Table I). Yet, the yield increases inthe People's Republic 
appear to have been largely the result of changes in 
cultural practices, i.e., increased plant density, rather 
than the utilization of improved varieties or chemical 
fertilizers and pesticides (Mackay 1989). This is partly 
explained by the fact that up until recently sweetpo-
tatoes have received relatively few resources for re-
search and development (R&D). Relative w the value of 
production, funding for sweetpotato research world-
wide has been lower than that for any other major food 
commodity (see Gregory et al. 1989. Average potato 
an:l cassava yields in developing countries are also well 
below what is technically possible. Potato productivity 
is about half that found in most developed countries. 
Cassava yields in Sub-Saharan Africa are 50% less than 
those in Asia (Table 7). 

Most sweetpotatoes currently cultivated in devel-
oping countries have a dry matter content of around 
30%. Results of research at the Asian Vegetable Re
search and Development Center show that "...the mean 
dry matter conte-' of brecding lines improved from 
25.9% to 35.1% in five years, Theoretically this pro-
gram increased chip yield for animal feed by 40%...' 

(Tsou et al. 1989). Moreover, the international germ
plasm collection for this crop includes varieties whose 
dry-matter content is as high as 45%.9 Similar observa
tions apply to cassava and potatoes. Consequently, the 
potential is there to raise the processing utility of these 
crops by incorporating varieties with higher dry matter 
content into the material available to growers. 

Conclusion 
Root and tuber crops have considerable unrealized potential as new products for human, animal, and in
dustrial use as manifest the remarkable increases in their 
utilization inprocessed form in anumber ofdeveloping 
countries over the last three decades. Several indicators 
point to an accelerated trend in this direction for these 
commodities. Among the factors contributing to this 
emerging pattern are the agronomic and biological char
acteristics of the crops, recent trends in production, and 
developments beyond the food systems for these par
ticular commodities. Because these factors encompass 
adiverse set of considerations (e.g., agronomy, dernog
raphy, livestock production), the potential for develop
ing new products from roots and tubers in any particular 
situation will depend on aknowledge of elements from 
different disciplines as applied to local circumstances. 
The remainder of this volume isdedicated to the presen
tation of this approach referred to as product develop
ment. It also includes country reports on the recent 
experience with particular commodities in this regard 
as well as papers that examine the results of specific 
attempts to transform roots and tubers into more readily 
marketable products. 
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Integrated Root and Tuber Crop Projects:
 
A Strategy for Product Development
 

Christopher Wheatley and Trudy Brekelbaum I 

Abstract 

Integrated projects have often proven to be asuccessful strategy for developing new products for roots 
and tubers in developing countries. This paper briefly reviews the essential elements of an integrated 
project including asystems orientation, inter-institutional collaboration, multi-disciplinary focus, active 
participation by final users, and an emphasis on demand-driven technological research. The paper goes 
on to describe the stages of an integrated project beginning with prcbleni and opportunity identification, 
applied technical research, a pilot project phase, and then commercial-sca4- expansion. The paper 
concludes by noting the benefits of the integrated project approach as well as its re!ationship to broader, 
integrated rural development efforts. 

Key words: postharvest technology, research, roots and tubers, developing countries, new products and 
processes.
 

Introduction 	 innovations. Other components such as farmer organ
ization and training, provision of credit, establishment 

As can be seen from the previous paper, root and tuber of efficient distribution channels, and inter-institutional 

crops have a tremendous potential for contributing to coordination and cooperation are all important aspects to 
socio-economic development of rural areas. To realize be considereu. 
this potential, an efficient combination of new products, 
prices, distribution systems, and promotion foci needs 
to be designed. When doing this, it is essential to bear Essential Strategic Elements 
in mind that the scale of these elements must be ap- Based on experiences in developing postharvest hand
propriate for root and tuber crop farmers who have B a ge anprcessinde loi orest and 
mostly small or some medium-sized operations, and ling, storagc, and processing technologies for root and 
who generally have weak links to processing technol- tuber crps, the following elements are considered es
ogy and non-traditional markets. sential for integrated development projects. 

One strategy that has proven highly successful is Multi-sectorial Integration 
that of integrated projects. These permit the agro-in
dustrial transformation of the crop by linking improved Simultaneous treatment of production, processing, and 
production and processing technology, marketing tech- commercialization processes iskey to the integration of 
niques, and institutional innovations in processe.- re- aproject. Although the manner of articulation will vary 
quiring technical and socio-economic integration. In chronologically, what is important is that they are all 
short, improvement in postharvest systems will not be part of asingle process. This "systems orientation" for 
achieved solely through the generation oftechnological technology development should extend from produc-

Processing specialist for sweetpotatoes for Southeast Asia, International Potato Center (CIP) c/o CRIFC. Jalan Merdeka 147, Bogor 
16111 Indonesia. and Editorial Consultant. Cassava Program, Centro Internacional de Agricultura Tropical (CIAT), Apartado Adreo 
6713, Call. Colombia, respectively. 
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tion to include storage, processing, and utilization of the 
crop. The production and postharvest systems should 
not be divorced and developed separately since they can 
serve as a means of relating the producer to the final 
consumer for their mutual benefit. An optimum path to 
accelerate agro-indusirial diversification of root and 
tuber crops, while activating producers' groups, isaround 
integrated projects. 

Inter-institutional Integration 

Successful adoption of postharvest technology requires
the close interaction of research and development (R&D) 
institutions in both the public and private sector through-
out the process of technology generation and transfer. 
The most important interaction comes at the pilot pro-
ject stage when researchers may test and adapt the 
technology: subsequently, extension workers can mod-
ifv institutional and organizational schemes to facilitate 
technology transfer in close collaboration with farmer 
associations or co-ops. Private sector input can be par-
ticularly important in adapting technology generated by 
research institutions for commercial-scale production. 

Functional integration also includes the articulation 
of technical, financial, and entrepreneurial assistance, 
The quality of assistance depends on the existence of a 
good general strategy and clear guidelines for managing
the program, particularly where there are multiple or-
ganizations with different resources, loyalties, objec-
tives, and strategies. Integration iscoordinated around 
common objectives and activity plans. The more institu-
tional participation there is in planning the program, the 
better will be the chance for success. 

Multi-disciplinary Focus 

Analyses of the potential role of root and tuber crops 
require a multi-disciplinary focus in order to conduct 
R&D research, determine the production potential, cost 
structures, competitive prices, and the potential demand 
for the crop and products based on the analyses, exist-
ence of local farmers' groups, institutional presence,
and other important factors. 

Individual R&D institutions rarely have sufficient 
resources to have a full-fledged staff with expertise in a 
wide range of disciplines. This iswhere creative arrange-
ments can be made by setting up public and private 
sector inter-institutional working groups around spe-
cific tasks, benefitting from the disciplines available, 
When the Visayas State College of Agriculture (ViSCA) 
in the Philippines developed a sweetpotato beverage, 

for example, they entered into an arrangement with a 
large food and beverage company whereby amulti-dis
ciplinary team was created between the two institutions. 
Thus, it was possible to bring together the expertise of 
afood product development specialist, aprocess devel
opment engineer, amarketing specialist, afruit process
ing plant manager, an agricultural extension specialist, 
and the ViSCA researcher/ inventor for the scaling-up 
process. 

Participation 

When selecting a project site, a key criterion is the 
existence of producer groups that are interested in the 
program and that have the capacity to work with it. 
Poject administrators need to analyze what incentives 
will stimulate farmers' participation and how much they 
are willing to sacrifice to work toward the objectives. 

Active participation of root and tuber crop pro
ducers and processors in the planning and execution of 
activities increases the technical and economic efficiency 
of the programs. Participation is basically an appren
ticeship process. Producers, administrators, and tech
nicians need to interact in order to learn each other's 
perspectives, farmers' felt needs, and organizational 
capacities. 

The long-term impact of the program depends on 
the producers'/processors' capacity to assume full re
sponsibility for the operation and maintenance of pro
cessing activities implemented by the program. They
need to know how to discuss constructively; speak in 
public, negotiate. identify and solve problems: be f'mil
iar with technology and the market; know how to ad
minister resources and keep accounts, make efficient 
investments, and plan future activities. This capacity is 
created gradually through their daily involvement insolving problems, working in groups, and training new 
members. 

Demand-driven Technology 

Postharvest technology development should be based 
on the existing or potential demand for aproduct. The 
demand for a product implies the existence of a con
sumer who should be the starting point for the develop
ment of new or improved processes or products. The 
socio-economic status, habits, and preferences of the 
consumer are guides for the type of R&D work that will 
be carried out. Ti,;s information will not only influence 
process and product design, but eventually crop produc
tion technology as well. 

I.
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Objectives of an
Integrated Project 

* 	Catalyze a series of inter-institutional interventions 
to generate socio-economic development of a region 
and improve the incomes and well-being of root and 
tuber crop farmers. 

" 	Provide technical assistance services and training 
related to root and tubercrop production, processing, 
and commercialization. 

Promote tihe formation and strengthening of farmer 
associations involved in root and tuber crop produc-
tion and processing. 

A Model for Postharvest R&D 

Successful technology generation and transfer has re

quired disciplinary, institutional, and sectorial integration 
in all phases of the process from opportunity identifica-
tion. through product and process research, testing and 
adaptation, and ending in the final commerciai introduc-
tion or adoption of the technology. This integration, 
which does not normally occur spontaneously, is best 
achieved within a project framework, with clearly defined 
objectives, activities, and responsibilities for each par-
ticipating institution. There are f',,,r distinct phases, 
which are briefly dealt with here. 

Problem and 
Opportunity Identification 

The approach to postharvest R&D for roots and tubers 
undertaken by the International Agricultural Research 
Centers (IARCs) and their national counterparts is mar-
ket orientated. It is based on identifying unsatisfied 
consumer needs, that is, problems and opportunities. At 
the same time, it is meant to solve the production and 
postharvest problems of root and tuber crop farmers 
who have mostly small or some medium-sized opera-
tions. 

Research on Products and Processes 

This is the stage in which market studies and consumer 
research are carried out in order to identify the demand 
and required characteristics of the selected product. 
Technical research is undertaken on the product itself 

and on the development of the process for its production. 

Root and tuber crop producers cannot assume the 
costs of R&D, therefore, inter-institutional linkages be-

come important in order to take advantage of tech
nological developments ii-productio: azrd processing as 
well as advances in commercialization and promotion 
systems, within an atmosphere of minimizing risks for 
small farmers. In the Latin American situation, market 
and consumer studies have been carried out by local 
institutions with support from 1ARC social scientists. 
The technical research that is undertaken may be both 

basic and applied in nature. Since the IARCs and National 
Agricultural Research and Development Systems 
(NARDS) have limited resources to undertake research, 
they seek to enter into collaborative projects with food 
science and technology institutions that can provide 
specialized capital and human resources. Links have 
been formed with institutes and universities in both 

developed and developing countries. 

Pilot Project 

Once a processing or conservation technology has been 
thoroughly tested at the experimental level and the 
market and consumer studies indicate that a demand for 
the product exists, a pilot project is initiated. The objec
tiv..of a pilot project is to introduce, into a specific 
growing region and on a reduced scale, both the post
harvest technology that has been developed and the 
associated production technology that will enable farmers 
to increase crop productivity and reduce costs. This is 
achieved by adopting an approach in which production, 
processing, and marketing activities are linked within 

the same project framework. 

The pilot stage is used to evaluate the technical, 
economic, and operational feasibility of the postharvest 
technology under real conditions. At the same time, 
suitable market channels for the product are identified 
and preliminary promotional activities are undertaken. 
It is important to ensure that the product can meet the 
quality specifications as required by the potential clients. 
Experience is also gained in aspects of tarmer organiza
tion and training which may be employed in the expan
sion stage to follow. Concurrently with the activities in 
the area of processing and marketing, production re

search iscarried out both on-farm and at local experiment 

stations. At the end of the pilot project stage, sufficient 
firsthand data are available to formulate a proposal for 
a full-scale root/tuber-based development project. 

Pilot projects can also provide a framework within 
which the IARCs can interact with NARDS. This interac

tion permits the validation and adaptation of existing 
production and postharvest technology, together with 
the techniques that have been developed for market 
analysis. Especially useful is the possibility of feedback, 
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so that the research carried out by the IARCs and NARDS 
may be constantly adjusted or reoriented according to 
the requirements of the differing ecological or socio-
economic conditions in each country. This mechanism 
is invaluable for improving the relevance nf research. 

Donor agencies have recognized the importance of 
pilot project testing and adaptation of production and 
postharvest technologies, therefore, funds can now be 
readily obtained for carring out these activities. The 
IARCs also provide training to NARDS stv'ff in formulat
ing proposals to he presented to these agencies. 

Commercial-scale Expansion 

The experience of the pilot project stage provides the 
found a tio ns fro m w hich to rep licate o r exp a n d th e u s ei 
of the technology. Given the real cost of the technology
is now known, the resources required to obtain its 
adoption on a wider scale may be calculated. This 
includes provision of credit for root/tuber production 
and the establishment of a processing capacity, the 
institutional requirements necessary to provide training 
and technical assistance to farmers and those involvedin processing, and a plan for the efficient distribution 
indproessin, ad a planucor The efficmin disbon-
and promotion ot the product. The forrnation of second-

order farmer/processor organizations to coordinate such 
activities as marketing, farmer training, and credit pro-
vision isoften essential. 

An important activity at this stage is to establish a 
system determine exactly wthe benefits 

of the introduced production and postharvest technol-
ogy are being distributed. Such a system should be 
incorporated into the pilot projects so that the national 
executing agencies may assess the advance of the pro-
ject andI introduce any modifications in its orientation 
that may be necessary. 

During this phase, administration of the project 
passes into the hands )f the beneficiaries themselves, 
Throughout this proce i, crop producers and processors 
increasingly take over responsibility. until their associa-
tion assumes complete control over the project. The 
project may be used as amodel for the training of project 
personnel and participating farmers. 

Benefits of an Integrated Approach 
An :ntegrated root and tuber crops project is valuable 
for improving the crop production system. It is also 
useful for mobilizing people around community devel-
opment problems. The project creates enthusiasm and 
confidence in the participants' capabilities. This increases 

enormously the power of all parties involved, including 
small farmers, researchers, development agents, and public 
administrators. The integrated project is an important 
vehicle for reinforcing, stabilizing, and expanding 
local-level capacity to solve problems that previously 
inhibited social development. It is a way to generateconditions for economic and social development that will 
respond primarily to local needs and opportunities, after 
which it adopts regional and national projections. 

Conclusion 

The integrated project simultaneously addresses aspects 

related to production, postharvest treatment, and mar
keting of the crop. Nevertheless, none of these aspectss a en i n t el ; h y ar e s ni l co p e ts h t 

mustbesystematicallyarticulatedtodevelopacommer
cial product and make it accessible to the consumer. Theintegrated project defines the tasks of production and 
processing in such amannerthat they are conceived and 
implemented as apart of the product d1evelopment task. 
Product development is oriented in accordance with the 
Pec charactetis ofiatfin arketdand ite
specific characteristics of a final market and interprets
the effectiveness of its actions from the standpoint of
ojcie htg eodwa ssrcl giutrl 
objectives that go beyond what is strictly agricultural. 

Commercial acceptance of the final product is the 
element in which the activities of crop production, 

to which they are oriented. Therefore, the methodological starting point of the integrated project is the interface 
between the final product and the consumer a contact 
that isestablished after commercialization and isessen
tial for effective marketing. Hence the characteristics 
that consumers attribute to aproduct that they wish to 
acquire mark the critical starting point. 

This methodological organization does not con
tradict the existence of an internal process in which the 
production, utilization and commercialization compo
nents each have atemporary preeminence in the process 
of final product development. On the one hand, it is 
possible to consider these functions as "episodes" (even 
parallel ones) at the rate in which they are integral-al
beit distinct-parts of the whole. On the other hand, the 
functions of production, processing, amnd commercializa
tion take turns in assuming the role of "leader" during 
the process of creating the final product. In all cases, the 
individual efficiency of each component strongly affectsthe results of the entire integrated project. 

Integrated roxot and tuber crop projects require high 
levels of commitment, social participation, and admil. 
istrative performance. In an integrated project, the design 
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of effective organizational strategies for implcmcnia-
tion is emphasized. This assumes an evaluation and 
refinement of systems that will gradually transfer power 
to farmers so they can autonomously administer root/ 
tuber crop-based agro-industrial enterprises and also 
provide the general direction of the regional develop-
ment that these enterprises will generac" The project 
also requires accentuating technical, administrative, and 

Organizational training for farmers. Finally. it identifies 

channels and models for establishing cooperation he-

tween the various public and private institutions that 

offer support services in technology generation, product 

design, technical extension, credit, and marketing and 

promoting products. 

.,n integrated root and tuber crops project has ele-
mients in common with integrated rural de-velopment 
ORD) programs. Both emphasize the relationship and 
mutual support of' economic and social development 
and the importance of active beneficiary participation. 
--or both, decision making is a multi-faceted process 

because thev seek multiple objectives at different levels. 

IIcnce the programs need to use multi-disciplinary teams. 
Both programs explicitly identify the rural poor as their 
principal clients. As a result, they seek to raise employ
ment and income levels, to promote more equitable 
distribution of income, and to increase access to services 
for the less privileged sectors. 

Nonetheless, an integrated root and tuber crops 

prolect differs from an IRD program. First, an integrated 

root and tuber crop project concentrates its activities in 

a reduced geographic area and seeks narrower objec

tives than those of an IRD program. A rcot and tuber crop 

project can therefore be incorporated with IRD. Second, 

an integrated root and tuber crop project requires public 
and private investment, but, above all, it is a technol
ogy-induced development program. The element that 
releases development is not so much the infusion of 

capital for infrastructure or operations but the adoption 
of technology. Technological innovations permit the 
exploitation of a series of national resources, especially 
local ones, that previously were underused. 
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II. Commodity and Country Reports
 

Trends in production, marketing, processing, and utilization of cassava and sweetpotato in 
African countries are the subject matter of this section. Similar patterns are also discussed for 
potatoes for the region as a whole. Such information complements the descriptive analysis of the 
aggregate data in the previous section by providing more detail about these commodities in 
particular countries. The country reports also identify contributing factors or limiting constraints 
to growth in output, use and income from cassava and sweetpotato in specific locations. 

Cassava is the major source of food in the rural areas of Cameroon's forest zone, where it 
provides 30% of the total calorie intake. In Cassava in the Cameroon, J.T. Ambe and A. Foaguegue 
first identify the country's five main agro-ecological zones. They then go on to enumerate the 
principal cassava producing areas. Cassava is processed into a number of products for human 
consumption including gari, chips, and doughnuts, as well as a number of local foods. These 
products, particularly gari,have a ready market in urban areas although poor transportation and 
market information prevent them from realizing their full commercial potential. Research on 
cassava by the National Root Crop Improvement Program has focused on varietal improvement 
and deveiopment of cultural practices, as well as the introduction and promotion of improved 
processing and preservation techniques. 

Cassava is the third most important food crop in C6te d'lvoire, after yams and plantains. In 
Le Manioc en C6te d'Ivoire, Kouactio Tano and N'dri Coulibaly indicate that current per capita 
consumption is roughly 30 kg/yr. Cassava is eaten in a wide variety of forms both fresh and 
processed. Marketing tends to be highly local with each town or city supplied by surrounding 
growing areas. The authors draw attention to the limited amount of socio-economic research on 
prevailing production systems as well as the efficiency of traditional processing techniques. 
Future research aims to rank the most important varieties according to consumer preferences; to 
determine the technological characteristics of these varieties; and to identify principal constraints 
to production, processing, and marketing. 

Production of cassava in Ghana far exceeds that of all the other major crops combined. As 
Ramatu M. AI-Hassan indicates, the importance of Cassava in the Economy of Ghana is perhaps 
most evident when one goes beyond production itself to consider processing, utilization, and 
marketing activities. Cassava processing is done mainly by small-scale, traditional processors, 
most of whom are women. The crop is transformed into a variety of products principally for 
human consumption. New product development has focused on substitutes for traditional foods, 

31 



but includes efforts to make an instant breakfast food and composite flours. Among the topics
for future research, estimates of the cost of production for traditional as well as new processed 
products merit high priority. 

Cassava is a major staple food in Nigeria supplying about 70% of the daily calorie intake of 
over 50 million people. In Cassava Research, Production and Utilization in Nigeria, B.O. Ugwu,
0. Ajobo, and G. Orkwor provide a brief overview of recent trends in output, consumption, and 
trade. For example, although cassava is grown all over the country, production is highly
concentrated in three states. The authors go on to document some of the institutions involved in 
research on cassava as well as the work on varietal improvement, agronomy, and utilization of 
the crop. 

Cassava is among the major fo'-d crops in Tanzania with an annual output of over 1.5 million 
tons. In Cassava Production, C nsumption and Research in the United Republic of Tanzania, 
M. A. M. Msabaha and B.W. Rwenyagira provide a brief synthesis of recent developments for 
this commodity Cassava has a long history of providing food security in the country. Perhaps,
for that reason, it is widely grown all over Tanzania. Current production constraints include 
diseases such as cassava mosaic virus disease; pests like termites; and poor marketing infrastruc
ture. Cassava processing (roots and leaves) is done largely by women and principally for human 
consumption. Subsidized prices for preferred cereals and the lack of variety in cassava products
discourage greater consumption. Research has focused on varietal improvement for pest and 
disease resistance as well as assessing the efficiency of traditional and new (e.g., livestock feed) 
types of cassava processing. 

Cassava in Uganda is the focus of the paper by G.W. Otim-Nape and J.U.A. Opio-Odongo.
As the authors note, cassava ranks second among major food crops in terms of total production
(fresh weight) and is the most important root crop. Cassava constitutes a main component of the 
local diet and is consumed throughout the year - in boiled, roasted, aid processed form (as flour 
or alcohol). Major production constraints include diseases such as cassava bacterial blight, pests,
and poor agronomic practices, e.g., timely planting, optimum spacing. Cassava researchers are 
working to overcome these limiting factors through research and extension. 

Zaire is the largest producer of cassava in Africa and the third largest in the world. In Cassava 
in Zaire, Brooke A. Greene analvzes the latest production trends before briefly summarizing the 
results of recent fertilizer trials and efforts at varietal improvement. Declining soil fertility, the 
limited availability of chemical fertilizers, insecticides, and small tools are at the top of a long
list of serious problems affecting agricultural production generally and cassava production 
specifically in Za're. Cassava is estimated to provide 71% of the theoretical requirements of 
calories and 18% of the proteins. Roots are consumed in both fresh and processed form. 
Households use the sale of cassava, primarily as cossettes, to stabilize their incomes over the year.
Most storage is done by leaving the crop in the ground. Marketing problems (e.g., transport) 
constitute a major constraint to expanded production of cassava in Zaire. 

Sweetpotato is grown in every country South of the Sahara. Yet, relatively little has been 
written about the prospects for the crop in this region. In Sweetpotato in African Food Systems,
Gregory J. Scott and Peter Ewell provide an overview of patterns and trends in production,
marketing, and consumption before presenting an assessment of the crop's future prospects. Scott 
and Ewell note, for example, that output doubled during the last 30 years but that these figures 
are the composite ot widely divergent tendencies both among countries and over time. The 
authors draw particular attention to the need to overcome the twin constraints of bulkiness and 
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perishability through initiatives to introduce appropriate processing technologies and products. 
These efforts will need to be accompanied by the introduction of improved gerrnplasm both to 
raise yields and to increase dry matter content beyond the levels found in local varieties. 

Sweetpotato is a major staple food in Uganda. in Sweetpotato: A Source of Incomes for 
Low-income Rural Families in Uganda, B. Bashaasha and R.O.M. Mwanga review recent 
production trends as well as describe current marketing patterns for the crop. Among their 
principal findings are the positive growth for sweetpotato production 1985-90 of 4.5% per year 
with national output reaching two million tons by the end of this period. Sweetpotato is widely 
grown by small farmers in Uganda primarily for home consumption. Nevertheless, the crop 
constitutes a valuable source of income for poor families. As transport costs are high, postharvest 
losses extensive, storage inadequate and processing inefficient, ample room exists for improve
ments in prevailing postharvest practices. 

Sweetpotato production has grown faster in Rwanda than output for other important crops 
and as fast as potato. Partly for that reason, the crop has attracted increasing interest by scientists, 
policvmakers, and larmers as a way to keep per capita availability of calories steady despite the 
demands placed on the local food system by a rapidly growing population. David G. Tardif
Douglin's paper on Sweetpotato in Rwanda provides an overview of the crop's importance and 
role in production systems, how it is marketed, the nature and extent of demand for the roots, 
and what are the necessary and sufficient conditions to expand sweetpotato consumption emong 
the growing numbers of urban poor. Major emphasis is given to improvements in handling, 
processing and transportation both in themselves and as i way to reduce the retail price. 

Potato is a food crop often not readily associated with African food systems. However, as 
Gregory J. Scott points out in Trends and Prospects for the Potato South of the Sahara, potato 
production (2.2 million t in 1991) has increased faster than any other food crop except sugar cane 
and rice over the last three decades. Nearly 90% of regional output, however, is concentrated in 
eight countries. Principal production constraints include the shortage, cost, and timely 
availability of good quality seed; diseases such as late blight; declining soil fertility; and the 
limited resources of national potato programs. Potato sales are an important source of cash 
income. But, on average, potato consumption ranges from 2 kg in Burundi to nearly 50 kg in 
Rwanda. Renewed efforts for technological improvements in the more favored areas will be 
required if increases in production are to keep pace with growing food requirements. More 
support for postharvest initiatives (e.g., storage, marketing) by the private sector deserves 
particular attention by policymakers and development specialists. 
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Cassava in the Cameroon' 

J. T. Ambe andA. Foaguegue2 

Abstract 

Cassava is a major source of food in the rural areas of the forest zone in Cameroon. Amongst the 
households located there, it provides 30% of the total calorie intake. Approximately 115,000 ha are 
cultived in cassava nationwide, an area equivalent to 6% of the total area cropped. Of the normal 
production of 1.4 million tons, approximately 30% is sold. Cassava is processed into a variety of food 
products both traditional and modem. These products have aready market in urban markets. 

Key words: production, area, processing, marketing, research. 

Introduction 
The Republ'ic of Cameroon is divided into ten provinces 
and has a population of about 10 million people. It has 
a broad variation in ecology, from evergreen forest to 

steppe. The altitude range is 0-4,000 m and rainfall 
900-3,000 mm/yr. Soils vary fr, m very poor, sandy, 
sedimentary to very rich volcanic soils. About 58% of 
the Cameroon is in the tropical forest zone. 

There are five major agro-ecological zones in the 
Cameroon: (a) the wcntem highland, covering the West 
and North West provinces, (b) the coastal lowland.cndovrgtheLittorlauth West provinces, (c) thecovering the Littoral and South West provinces, (c) the 

southern plateau, covering the Center, South and East 
Provinces, (d) the Adamaoua Plateau, in Adamaouaarovin() the, Gu teaun and Sdao 
Province, areduce 
Sahelian zones, covering the North and Far North 
Provinces (Map I and Table 1). 

Producing Areas 
Apart from the North and Far North provinces, cassava 
is grown throughout Cameroon. The main producing 

areas are the Central, South West, East, Adamaoua, and 
South provinces (Tables 2 and 3; Map 2). 

tliao
UJLlizatlon 
Cassava is the major source of food in the rural areas of 
the forest zone, where it provides 30% of the total 
calorie intake. Cassava is also used as a food security 
crop where cereals are the major source of food. Among 

the tropical root and tuber crops grown in Cameroon, 
cassava ranks first in per capita consumption (Table 4). 

Cassava is processed into many different foodproducts (Fig. 1). Sweet (low cyanide) varieties are 

eaten roasted or boiled. Bitter (high cyanide) varieties 
etnratdo old itr(ihcaie aite 
are processed for 3 to 5 days before consumption to

the cyanide content. Processing involves fer
mentation, sundrying, grinding, grating, milling, smok
ing, and boiling. 

There are many food products made from cassava: 

o 	 gari:a granular flour obtained by grating, ferment
ing, and frying the grated pulp with or without palm 
oil 

This paper istaken from Status of Data on Cassava in Major Producing Countries in Africa: Cameroon, C6te d'lvoire, Ghana, 
Nigeria, ITanzania. Uganda and Zaire. Collaborative Study of Cassava in Africa (COSCA) Working paper No. 3, Edited by Felix 
Nweke..Inhn Lynam, and Coffi Prudencio. It is rcprinted here with permission of the editors. 

2 Institut de la Recherche Agronomique. B.P. 537. Ngaoundere, Cameroon' and Institut de la Recherche Agronomique. Djombe Sta
tion, Cameroon. respectively. 
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Table 1.Characteristics of the agro-ecological zones in Cameroon. 

Zone Area Altitude (m) Annual Area cropped 
(000 ha) rainfall (mm) (000 ha) 

Sudano-sahelian 3,426 Mainly low <900 412 
Guinea sudanian 
Adamaoua plateau 
Southern plateau 
Coastal lowland 

6,780 
6,199 

22,503 
4,513 

low 
-l1,000 

500 to 850 
0 to 500 

900 to 1,500 
1,000 to 1,500 
1,500 to 2,500 

±2,500 

150 
83 

518 
282 

Western highlands 3,119 1,200 to 1,800 1,500 to 2,500 522 

TOTAL 46,540 1,967 
Source.- Based on 1984 agricultural census data. 

Table 2. Area under cassava production compared Table 3. Annual cassava production and sales in 
to total area cropped in the Cameroon. the Cameroon. 

Tc.tal area Total area Area cropped Annual Quantity 
cropped planted with with cassava production sold % 

Province (O(X) ha) cassava (000 ha) % Province (000 t) (000 t) Sold 

Central 262 18 7 Central 374 82 22 
South West 201 16 8 South West 304 146 48 
East 142 29 20 East 197 36 18 
South 115 9 8 South 129 15 12 
North West 229 6 3 North West 110 6: 55 

Littoral 82 5 6 Littoral 98 27 28 
West 293 3 I West 88 24 27 
Adamaoua 83 29 35 Adamaoua 80 26 33 
North 150 0 0 North - - -
Far North 412 0 0 Far North - - -
Cameroon 1,969 115 6 Cameroon 1,380 417 30 

Source: Based on 1984 agricultural census data. Source: Based on 1984 agricultural census data. 

* 	porridge: cassava flour cooked in water . foufou: aflourobtained after fermenting, drying, and 

* 	myondo or bobolo: cylindrically shaped wraps of milling cassava into powder, mixed with boiling 
fermented cassava paste which are steamed for about water and eaten with soup. 
one hour and eaten with soup Cassava is also used in soap making, starch, and arki(an alcoholic beverage).

paste mixed with palm• mentoumba (cake): cassava 

oil, salt, crayfish, and pepper, wrapped in leaves and
 
steamed for about one hour Marketing
 
chips: chipped freshcassava, boiled in waterand then Wholesalers collect the various cassava products from 
soaked for three days (water is changed daily) and the local markets/producers and take them to the cities 
then eaten directly where they are resold either wholesale or retail. 
doughnuts: deep-fried cassava paste mixed with Processed cassava products especially those that are 
banana pur&e and other seasonings easily prepared into me!s, e.g. gari, have a ready 

market in the urban centers. Poor transportation and 
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Map 1.Agro-ecological zones of Cameroon. 
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Map 2. Distribution of crop production in Cameroon. 
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Figure 1.Some traditional food products made from cassava in Cameroon. 
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Table 4. Cameroon: Daily calorie intake from root, 
tuber and plantain crops, 1979-1981. 

Source Calorie/capita/day 

Cassava 235 
Yani 
 83 

Cocoyam 128 

Sweetpotatoes 34 

Plantain 
 193 

Sub-total roots, tubers and plantains 673 

Overall calorie consumption from 
all sources 2,410 

Source: FAO, Food Balance Sheets 197981. 

market information systems hinder the movement of 
these products to larger markets. Farm to market roads 
are not well-developed and transportation costs are 
high. In most cases, the farmer sells his fresh produce 
it a give-away price. In many villages located along
major roads, processed cassava products are sold in 
tront (f the processor's house. Informal trade incassava 
products exists between Cameroon and neighbouring 
countries, especially Gabon. 

Research 

Research on cassava is carried out in Cameroon by the 
Cameroon National Root Crop Improvement Program 
(CNRCIP), which was started in 1973. One major objec
tive of CNRCIP is to develop production systems accept
able to smallholder, low resource farmers. CNRCIP 
promotes and distributes high-yielding cassava cut
tings; identifies and breeds disease and insect resistance 
into cassava varieties; promotes the development of 
cultural practices which maximize returns from im
proved or local cassava varieties with minimum input; 
introduces and promotes improved processing and
preservation techniques to reduce postharvest losses;
and, advises consumers and processors on how to im

prove the nutritive quality of cassava p,')ducts. 

Some high-yielding varieties have been developed 
and released by the program. A method for the incor
poration of soybean into cassava flour to improve its 
nutritive quality has been developed. A description of 
the farming system isavailable forthe Central, East, and 
North West Provinces. Data on production are available 
from the cassava and cassava products. There are no 
time series data available on the production and con
sumption levels of cassava products, nor on the source 
and quantities of cassava glues and starches used in 
local crafts and industrial establishments. 
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Le Manioc en Cfte d'Ivoire' 

Kouadio Tano et N'driCoulibaly2 

Resume 

Le manioc est la troisi~me produit vivri6re de la C6te d'Ivoire apr~s I'igname et le bannier plantain. 
Avec une consommation par habitant de 30 kg par an, le manioc est l'un des aliments de base en C6te 
d'lvoire. Le manioc ne fait que l'objet d'un commerce inteme. D'une faqon g6n6rale, on peut dire que la 
recherche sur de manioc ad6 limit6e par le manque de moyens. La recherche envisag6e pourrait s'orienter 
vers l'identification des principales vari6tds et leur caract6ristiques technologiques en plus que la mise en 
6vidence des contraintes au niveau de la production, de la transformation, et de la distribution. 

Mots clks: production, utilisation, commercialisation, recherche. 

Production 
Selon les statistiques officielles de la production 
agricole, le manioc est le troisiizme produit vivrier de la 
Cte d'lvoire apris l'igname et la banane plantain. 11 
reprfsente en moyenne 20% de la production totale des 
racines-tubercules et du plantain. En raison de sa grande 
plasticit6 aux plans pddologique et climatique, sa cul-
ture est largement rdpandue dans tout le pays avec, 
toutefois, une certaine prddominance pour la r6gion Sud 
qui afourni, en moyenne, 40% de la production nation-
ale de 1960 . 1984. Les autres zones importantes sont 
le Centre et I'Ouest (Tableau 1,Cartes I et 2). 

Consommation 
Avec une consommation par habitant 30 kg par an, le 
manioc est l'un des aliments de base en C6te d'Ivoire 
auquel Ls m6nages affectent environ 15% du budget 
consacrd aux produits vivriers. Les formes de consom-
mation sont nombreuses et varient selon les ethnies et 
les r6gions. Les principales formes sont par ordre crois-
sant de complexitd: 

le manioc bouilli i l'eau; 

* 	 le manioc frais, cuit h ia braise; 

* 	 lemaniocfraisbouiilietpil6seulouavecduplantain 
ou de l'igname (foufou); 

* 	 le pate de manioc (th)obtenue partir de la farine 
de manioc; 

* 	 le "placali"qui est la pfate obtenue avec du manioc 
broy6 et ferment6; 

* 	 le gari; et 

* 	 I"anrik' qui est une sorte de semoule de manioc. 

Comrnmercialisation 

Le manioc ne fait que I objet d'un commerce interne. 
En raison de la grande r6partition de sa production dans 
le pays, les 6changes sont surtout de courte distance. On 
n'a pas de circuits longs comme dans le cas du plantain 
et de l'igname. Chaque ville, dans une region donnde, 
est approvisionnfe . partir de son arri~re-pays 
imm6diat. 

Cc papier est tird du "Status des Donndes sur Les Tres Grands Pays Producteurs du Manioc en Afrique: Cameroun, Cte d'lvoire,
 
Ghana, Nigdria, Tanzanic, Uganda and Zaire, Etude Collaborative du Manioc en Afrique (COSCA), Document de Travail No 3,&lit6
 
par Felix Nweke, John Lynam et Coffi Prudencio. Rdimprim6 ici avec permission des editeurs.
 
Universit6 d'Abidjan. C6te d'ivoire: et IDESSA. B.P. 635, Bouak6, C6te d'lvoire.
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Tableau 1. CMte d'Ivoire: Evolution de la production de manioc (000t) par regions, 1960 A1984. 
R6gions 

Sud 


Est 


Centre Ouest 


Ouest 

Centre 


Nord 

Ensemble manioc 

Ensemble racines tubercules plantain 

Pourcentage manioc 

1960 1965 1970 1975 1980 1984 

209 237 272 366 401 510 

23 25 33 59 45 54 

19 22 22 58 138 162 

83 85 82 156 156 189 

78 86 102 268 205 250 
38 45 30 31 71 85 

450 500 540 939 1,010 1,250 
2,243 2,580 2,928 4,546 4,190 4,980 

45 47 50 39 39 40 

Source: Ministgre de 'Agriculture, Republique du M5te d' lvoire 1984. 

Disponibiit6 de donn6es sur lemanioc 

Des s6i ies chronologiques sur une longue p~riode exis-
tent pour la plupart des variables qui nous int6ressent 
dans les domaines suivants: 

* Production: statistiques de productions et superficiespour l'ensemble des vivriers de 1947 ,i 1985. 

" Pluviom6trie: dornn6es pour les principales villes de 
1951 1987. 

" Population: recensement g6n6ral d2 ]a population en 
197 etoputionrecensmt g . a 

" Consommation: enquete budget consommation 
aupr~s des m6nages en 1979, et depuis, enqu~te 
permanente aupr~s d' un 6chantillon plus r~duit de 
m6nages. Les quantit6s de produits ainsi que les 
d6penses de consommation sont suivies. 

" Prix: suivi permanent des prix au consommateur des 
principaux vivriers depuis 1960, Abidjan et dans 
quelques autres villes. Certaines donnes de prix au 
producteur existent 6galement; depuis 2 ans on ades 
donn6es regulieres sur les prix de gros des produits 
vivriers. 

Etat de la recherche sur le manioc 

De faqon gdnfrale, on peut dire que la recherche sur le 
manioc a 6td tr~s timide et les r6sultats relativement 
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moyens. Ainsi au niveau agro&Aonomique, l'essentiel 
des travaux r6alis6s ont W concentr6s sur la description 
des syst~mes de production, de transformation ar
tisanale et de distribution dans les centres urbains. Seuls 
quelques travaux r6cents abordent l'analyse 
6conomique des syst~mes de production ainsi que 
I'efficacit6 des proc6d6s de transformation artisanale. 

La recherche agronomique a,de son c6t, conduitL ehrh gooiu ,d o ~6 odi 
un programme plus structur6 sur I'am61ioration et le 
d6veloppement de la culture. Confi6 A I' Institut des 
Savanes de Bouak6 (IDESSA), ce programme est 
ex6cut6 dans le cadre d'un r6seau multilocal. I porte i 
la fois sur les techniques culturales et l'amdliorationvari6tale. Les recherches r6alis6es de 1977 a 1984, ont 

permis de disposer de recommandations pratiques sur 
la culture du manioc en C6te d'Ivoire. Ces recomman
dations concernent le choix et la pr6paration du sol et 
du mat6riel vdgdtal, la plantation (dates, modalit6s et 
densit6s), ]a fertilisation, l'entretien et la lutte contre les 
maladies et les parasites. Deux groupes de vari6t6setaient conseill6es aux paysans. l! y a d' une part les 
varist6s apotentiel de production royen (15 a25 c/ha);

~elles sont tardives (18 mois), et Autilisation polyvalente 
(consommation en frais et transformation). Ce sont 
BONOUA, H3 et KATAOL. D'autre part, il y a des 
varidtds Ahaut potentiel de production (30 a 37 t/ha), 

r6coltables a partir de 14 mois et y'i nfcessitent une 
transformation avant consommation--CB, TA49, TA2A, 
B33 et B6. 



aCarte 1. Production de manioc en kg/ha/an en M~e d'Ivoire~
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Carte 2. Rendement moyen en manioc en quintaux/ha en C6te d'Jvoire.a 
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Parall lement ,ces recherches agronomiques, une 
experimentation industrielle destinre t mettre au point 
une filire de traitement de la racine fraiche pour obtenir 
de I' attiki drshydrat6 et de la farine panifiable a t6 
initire par le Ministare de I' Agriculture. Rralisre par la 
socirt6 Ivoirienne de Technologie Tropicale (12T), cette 
action a abouti une maitrise du processus industriel 
pour la fabication de l'atti~kiet de la farine panifiable. 
Mais le prix de revient quelque peu 61ev6 de ces produits 
limite la demande au niveau national. 

Les attentes 
II faut reconnaitre que le faible niveau de la recherche 
actuelle sur le manioc est dO au manque de moyens. Le 
prIjt d' Etude Collaborative du Manioc en Afrique 

(COSCA) est une occasion d' aider , dterminer, au 
niveau global, les axes prioritaires de la recherche sur 
le manioc en Cte d' Ivoire et aussi de faire des recher
ches sp6cifiques sur des sujets importants et drjt 
identifids. La recherche ainsi envisagre pourrait, par 
exemple, s' orienter vers: 

a) L'identification et la'hi6rarchisation des principales 
varidtds cultivres qui sont appr6ci6es par les con
sommateurs; 

b) 	La d6termination des caractrristiques technologi
ques de ces varirtrs; et 

c) 	la mise en 6vidence des contraintes majeures au 
niveau de la production, de ia transformation et de 
la distribution. 
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Cassava in the Economy of Ghana' 

Ramatu M. AI-Hassan2 

Abstract 

Cassava is a major food crop in Ghana. It is grown throughout the country either in pure stands or 
intercropped. Cassava is eaten both in fresh and processed form. Cassava processing in done by 
small-scale processors, most of whom are women. Gari is the most important processed product and is 
eaten in avariety of ways. Postharvest research on cassava has concentrated on development of cassava 
products to replace fresh roots in the preparation offoufou and akple. The shortage of economic studies 
both on cassava cultivation and utilization isnoteworthy. 

Key words: production, utilization, processing, marketing, research. 

Production 
Table 2.Output (000 t) of major food crops in Ghana.Cassava is a major staple food crop in Ghana and in 

terms of area planted and output, ranks next to maize Crop 1984 1985 1986 
(Tables I and 2). The value of the gross output of fresh 
cassava roots ranged from 2.6 million cedis in 1985 to 
117 million cedis in19470(cedi 1.00 =US$0.0025).The 	 Maize 65 3,075 3,040 

1987 figure represents a22% share in the agricultural Sorghum 176 185 190 
gross domestic product (AEDP), the highest among all Millet 139 120 140 
agricultural products (Table 3). Yam 725 560 660 

Table 1.Area planted (000 ha) in major crops in Rice 76 80 80 

Ghana. Source: Ministry ofAgriculture. 

Crop 	 1984 1985 1986 Cassava is grown throughout Ghana, although 
production is concentrated in the south (Map I and 

Maize 724 405 450 Table 4). Brong-Ahafo, Ashanti, and the Eastern Region 
Cassava 813 356 375 produce about 65% of the total output, while the Central, 
Sorghum 251 250 240 Western, and Volta Regions produce 29%. In the 
Millet 231 222 240 southern parts of Ashanti, Volca. Greater Accra, Central, 
Yam 223 111 120 Western, and Eastern Regions the area planted with 
Rice 69 87 90 cassava exceeds 40% of all area under cultivation (Table 
Source: Minisir, ofAgriculture. 	 5). The Volta Region has the highest number of farmers 

growing cassava (45,417) as the predominant crop (Fig. 

This paper is taken from Status of Data on Cassava in Major Producing Countries of Africa: Cameroon. Cbte d'Ivoire, Ghana, Nigeria.
 
Tanzania, Uganda and Zaire.. Collahorauve Study of Cassava in Africa (COSCA) Working Paper No. 3,edited by Felix I. Nweke, John
 
Lynam. and CoffiI Pnidencio. It is reprinted here with permission of the editors.
 
Department of Agricultural Fconornics, Faculty of Agriculture. Univer.ity of Ghana. Legon. Ghana.
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Map 1.Intensity of cassava production by regions in Ghana. 
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1). Ashanti Region follows with 43,533 farmers grow-
ing cassava as the predominant crop. 

Table 3. Contribution of various components 
to Agricultural Gross Domestic Product 
(AGDP) in Ghana, 1987. 

Production Revenue 
Product (000 t) (C Million)b' % 

Cassava 2,943 117,720 22 
Maize 
Fish 

553 
350 

21,120
28,000 

4 
5 

Cocoa 	 210 74,000 14 

Cotton 2 450 -

Tobacco 2 272 

Sorghum/Millet 300 9,000 2 
Rice 	 81 5,6701 

Oil palm 51 4,590 1 
Yam 	 1,001 70,070 13Plantain 1,005 60,300 13 

Cocovam 1,000 50,000 9 

Vecetables 125 12500 2 

Palttrv (birds) 6,000 3,600 I 
Sheep (head) 500 4,000 1 
Goats 500 3,000 1 
Cattle 200 10,000 2 
Forestry, Others3 - 60,000 11 

Total 	 - 544,292' 101 

Source: Ministry ofAgriculture 1987. 
"Unless otherwise stated, 
'C 1.00 = US $0.0025. 

-€Estimate. 

Cassava is grown in pure stands or intercropped-
either as the dominant or subsidiary crop. Data from 
1986 crop surveys indicate that cassava is mainly inter-
planted as a subsidiary crop (Table 6). Where cassava is 
planted in rotation, itis usually the last cr p before 
fallow. This is probably because cassava is a hardy plant 
that tends to do well even under poor soil conditions. 

Table 4.	Area planted and production of cassava by 
region in Ghana (1986 and 1987 annual aver
age). 

Region Area Production % of total 
(000 ha) (000) production 

Western 52 338 10.8 
Central 45 335 10.0 
Eastern 82 489 18.3 

Greater Accra 6 32 1.1 
Volta 40 255 8.8 

Ashanti 75 
 600 21.7 
Brong-Ahafo 85 722 24.5 
Northern 22 139 4.7 

Upper East 0 0 0.0 

Upper West 0 0 0.0 

Total 407 2,910 100.0 

Source: Ministry ofAgriculture 1987. 

A national average field size of 2.4 hectares of 
cassava per farmer was reported in 1986. In 1987, fresh 
root yields ranged from a low of 5.5 t/ha in Greater 
Accra to 8.5 t/ha in Brong-Ahafo (Table 7). 

Processing
 

Cassava processing isdone mainly by small-scale tradi
tional processors, most of whom are women. The Volta 
Region, where cassava is widely consumed, also 
produces most of the processed cassava products. Areas 
around Pokuasi in the Eastern Region are also known 
for gariprocessing. All over Ghana, however, wherever 
cassava is grown, pockets of proctssors, particularly 
gariprocessors, meet local consumer needs. 

Attempts to establish large-scale gari processing 
factories have largely failed for various reasons. The 
principal one being an inadequate supply of cassava 
roots. Transporting the fresh roots to processing sites 
also poses aproblem, as feeder roads are lacking inmost 
areas. Bediako (1978) highlighted the drudgery in
volved in gariprocessing and the desire expressed by 
traditional processors to own grating machines. 
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Table 5. Area (000 ha) planted to five major crops by region, 1987. 

Sorghum/ Cassava as % 
Region Maize Rice Millet Cassava Yam Total of total 

Western 42 7 0 53 7 109 48.8
 
Central 42 2 0 
 42 2 88 47.6
 
Eastern 75 5 0 
 90 20 190 47.0 
Greater Accra 6 I 0 6 0 13 46.9 
Volta 38 2 10 43 8 101 42.6 

Ashanti 72 3 0 80 20 175 45.8
 
Brong-Ahafo 88 13 20 85 48 
 254 33.5
 
Northern 100 35 130 23 60 348 6.6
 
Unper East 4 8 125 0 0 
 137 0.0
 
Upper West 21 7 61 0 6 0.0
95 

Total 489 82 346 422 171 1,510 28.0 

Source: Ministr, ofAgriculture 1987. 

Table 6. Cassava production systems by region, 1986. 

Pure As dominant As subsidiary 
stands crop crop in mixture 

Region Area (ha) % Area (ha) % Area (ha) % 

Western 3,400 7 19,200 37 28,400 56 
Central 21,000 45 4,000 8 22,000 47 
Eastern 26,000 35 10,000 14 37,000 51 
Greater Accra 2,000 39 900 17 2,300 44 
Volta 16,000 45 8,000 22 12,000 33 

Ashanti 4,500 6 19,400 28 46,100 66 
Brong-Ahafo 0 0 7,500 9 77,500 91 
Northern 0 0 1,000 5 19,000 95 
Upper West 0 0 0 0 0 0 
Upper East 0 0 0 0 0 0 

Total 72,900 18 70,000 18 244,300 63 

Source: Ministryof Agriculture 1987. 
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Figure 1. Ghana: Number of cassava farmers by region, 1987. 
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Table 7. Estimated yields of fresh cassava roots by 
region inGhana (1986 and 1987 annual 
average), 


Region 

Western 

entera 


Eastern 
Greater Accra 
Volta 

Ashanti 
Brong-Ahafo 
Northern 
Upper East 
Upper West 

t/ha 

6.5 

7.5 

6.0 
.5 


6.5 

8.0 
8.5 
6.5 
" 


Source: Minisiy ofAgriculture 1987. 

In collaboration with the African Regional Center 
for Technology (ARCTI'). the Ghana Food Research In-
stitute is establishing a pilot demonstration project for 
,ariproduction. An objective of the project is to set up 

a small- to medium -scale unit for the production ofgari 
and other cassava products consistent with the current 
and planned pattern for cassava production in the rural 
areas of Africa. A second objective is to use the Unit as 

/7/F/7 

""/
 

Volt Norher 

Ashanti Brong- Volta NorthernAha o 

a training center for processors and technicians with a 
view to accelerating the dissemination of information 
about the improved technology. 

Uiizaton 

Traditionally, cassava is used in the form of fresh roots, 
peeled and boiled (ampes); fresh roots, roasted and
peeled and eaten; fresh roots, boiled and pounded into 
foufou; peeled tubers cut into pieces and sun-dried; and 
dried chips milled into flour, used to prepare kokonte, a 

food similar tofoufou. 

Gari is, however, the most popular processed cas
sava product in Ghana. It normally takes 4 to 5 days to 
process. 'Ihe cassava roots are washed, peeled, and 
grated and the grated meal is then put into muslin, jute, 
or grey baft bags. Liquid starch is then pressed out of 
the grated mash by placing heavy objects on the bags. 
The wet meal issieved to remove the larger pieces. The 
fine grain is spread out to dry and later fried into gari. 
The end product is a gelatinized grainy flour which has 
a distinct sour taste. Gari is eaten in a number of ways. 
It can be mixed with cold water and sugar and taken as 
a meal. It can also be mixed with hot water to form a 
sticky mass (eba) which iseaten with soups or stews. It 
can be moistened and mixed with an oily stew contain
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ing tomatoes, onions, and spices. This mixture is lightly 
fried and is known as gari-fortor. Gari is also mixed 
with milk and sugar and eaten like porridge, hot or cold. 
Agbelima (cassava dough) is another food product made 
from cassava by washing, peeling, grating, and soaking, 
however, the starchy liquid is not removed, but the 
entire grated mass is allowed to ferment lightly. It is 
either used alone to prepare akple or mixed with maize 
dough. 

An unfermented cassava flour is made by grating, 
drying, and sieving the cassava roots to produce a fine 
meal. A little water and salt are added and the mixture 
is moulded into flat cakes and steamed. This food is 
called vakavake and is eaten with soup or stew. As an 
alternative to steaming, the salted mixture can be 
moulded into balls and deep-fried in palm kernel or 
coconut oil to make agIole kaklo. 

The Ghana Food Research Institute has developed 
flours from cassava that can be used in the preparation 
of foufotu and akple. The processed flours are easier to 
transport and store longer than fresh roots or dough. One 
of these flours, instant tioulu flour, is now being 
marketed under the trade name of "Lukapap". The ac-
ceptability to the public of' this product is yet to be 
evaluated. 

Cassava leaves and roots are also used in livestock 
feed. The leaves and tender stems are fed to sheep, goats, 
and rabbits. Dried cassava chips are also used as a 
carbohydrate component in compundig livestock ra-

A principal by-product cf gari processing is liquid 
starch from which two other products, tapioca and 
laundry starch are produced. The liquid starch extracted 
during gart preparation is allowed to sediment and the 
supematent liquid isdecanted. The liquid starch is then 
dried and fried over a low fire to form tapioca granules. 
instead of frying, the starch may also be dried and used 
as laundn, starch. The extent of production of industrial 
starch and glue in Ghana is not known. Preliminary 
enquiries indicate that the starch used in the textile 
factories is probably all imported. 

Therepis nof upc-aaa oncts. Thisactud o i 
houseoldconsumption ssav hie isbcauie otfc eys
hoJusehold consumption surveys have been carried out 

in recent years. In 1962, a household expenditure survey 
showed that cassava together with its products ac-
counted for another 12(/ of expenditure on local food, 
while all the cereals with their prducts taken together 
accounted for 12'-. The survey shoved that of the food 
crops, expenditure on cassava was only second to 

kenkey, a popular staple food prepared from maize 
(Ghana 1962). Although these findings may well be out 
of date, they can still serve as an indication of the 
importance of cassava in the diet of the ordinary 
Ghanaian. More current household consumption sur
veys are needed. 

Table 8 prestnts demand projections for fresh cas
sava roots. The surplus indicated should be viewed with 
caution, for it is not clear whether the projection of 
demand is for fresh cassava for use asfoufou or ampesi 
alone, or includes fresh cassava used in the processing 
of other products, such as gari, agbelima, or kokonte. 

Table 8. Projections of demand and production 
(000 t) of cassava in Ghana, 1984-89. 

Year Demand Production Surplus 

1984 1,875 4,065 2.19 
1985 1,932 3,075 1.14 
1986 1,993 3,040 1.05 
1987 2,007 2,943a 0.94 
1988 1,870 2,170a 0.20 
1989 2,020 2,310" 0.20" 

Source: Ministry of Agriculture 1987. 
"Net production allowing for postharvest losses. 

Owing to its bulky and highly perishable nature, the 
transportation of fresh cassava roots is usually restricted 

to the urban centers located near production areas. Fresh 
roots from farms and villages are evacuated to roads by 
headload.
 

In the case of Acra, fresh roots may be transported 
for distances of up to 40 km by truck or rail. The major 
source of fresh cassava roots for Accra is the Easter 
Region, as far as Koforidua. The bulk of agbclima and 
ia s astofcra the ulk mainl
 

gari supplied to Accra is from the southeast, mainly 
from the Volta Region. 

While the exact flow of processed cassava products 

is not known, their distribution is probably wider thanthat of fresh roots. There is a brisk but informal trade in 
gari and agbelimna along the Ghana-Togo border, main

ly by means of headload. 

The Ghana Export Promotion Council believes that 
an export market for gari in the Western countries could 
be developed. Other cassava products which have ex
port potential, but are not produced in commercial 
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quantities for export are cassava starch, cassava chips, 
and cassava pellets. Ghana exported 55 1and 53 t of 
cassava to European countries in 1986 and 19F7, 
respectively (sec Table 9). 

Table 9.	Export of gari, from Ghana (1985 to 1st 
quarter of 1988). 

Quantity 
Year (t) US$ Destination 

1985 n.a. 122.00 Togo 
1986 55 10,155.80 UK, West Germany 
1987 53 8,642.85 UK. USA 
1988 52 12,073.55 UK, USA, Canada 

Source: Ghana Export Promotion Cotncil. 
n.a.: Not available, 

Status of cassava research 
The major thrust of research on cassava by the Ghana 
Food Research Institute, Accra, has been in the area of 
FosRese Imanatement including storage, processing, 

and utilization. Studies condcted on storage of fresh 
cassava roots at the institute aiin at improving the tradi-
tional methods of storage (Ankrah et al. 1980; Ankrahl 
1980: Ankrah and Osei-Yaw 1981 Ankrah 1984). In a 
study on the storage of cassava roots by Amewushika 
and Osci-Opare (1987), basket and wood shavings were 
used as a medium for storing fresh cassava roots. This 
resulted in j longer storage period of up to 6 months, 
which maintained a high quality tuber suitable for 
makingfJoufou and ampesi. 

Most of the postharvest research efforts in cassava 

processing have concentrated on teparaeters 
cassava products to replace fresh roots in the prepara-
tion of .jOulou and akph'. The now commercialized 
instant /olou powder, "Lukapap", mentioned earlier, is 
the resul of such research. Another flour, dehydrated 

ferm ented cassava do ugh has be en developed . This 

product was found to be acceptable for the preparation 
of akph' in terms of texture and nutrients. It is not being 
produced commercially at present. 

Lartev ( 1969) also made an attempt at developing 
an instant breakfast fox)d from gurt. -ie milled gari into 
fine flour and blended it with sugar, powdered milk, and 
salt. The product can x used in baking or as an instant 
breakfast food or as a thickening agent in soup. Results 
of this study have not been commercialicd. 

Experiments on the use of cassava starch to fortify 
locally milled wheat flour for biscuits and cakes have 
also been successful (Andah 1975). Flour with 10% 
starch provided superior baking qualities than wheat 
flour alone. 

Student studies (Amaning-Kwarteng 1974, Essien 
1974. Obuobi 1974, Dadzie 1975, Fleishchci 1975, 
Odoi 1976, Dodoo 1981, Yinka 1982, and Adarkwa-
Ntiamaoh 1985) on the use of cassava in livestock 

feeding were carried out in the Department of Animal 
Science, University of Ghana. Finally, Blay and Budu 
(1987) have recently conducted a study on drying 
methods for the production of more wholesome 
kokonic. 

Agronomic research on cassava includes studies on 
fertilizer requirements, plant density, planting methods, 
and cassava-based intercropping. The absence of 
economic studies on cassava in Ghana israther striking. 
The economic implications of all the agronomic studies 
will have to be evaluated if ma-re meaningful and ac
ceptable recommendations are to be made to farmers. 
Current use and availability of vital inputs including 
land, labor, fertilizer, and credit need to be examined to
explain the rather small size ofholdings and pparently 
lowlyields. 

Fvaluation of the cost of production of traditional 
products such as gari, agbelima, and kokonte will help 
deterniine possible areas for cost reduction. Similar 
evaluations should a,. be conducted on new products 
being developed to determine their economic 
feasibility. Studies on demand and supply for cassava 
products should be initiated. Price and inccme elas

ticities )f demand are required for the evaluation of the 
impact of price and income policies. For the same 

need to be es
reasom, supplyreson s a ra te os
titatee. Inter-regional flows and consumption rates of 
cassavaand its products have to be established to deter
mine di ficitlsuq)lus regions and implications for policy. 
The prefitability of using cassava in feed rations needst e e i l a e .S b t t t o f m i e f rot for cassava in 
feeds must be based on relative returns from the final 
product and not on cost reduction. 

to be e /aluated. Substitution maize c s a a i 
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Cassava Research, Production and
 
Utilization in Nigeria'
 

B. 0. Ugwu, 0. Ajobo and G. Orkwor2 

Abstract 

Cassava is a major staple food crop in Nigeria supplying about 70% of the daily calorie intake of over 
50 million Nigerians. Although cassava is cultivated in 19 states of Nigeria, the bulk of production is 
grown inonly three. Cassava is mainly used for human consumption. About 70% of all cassava harvested 
is processed into gari.There is great potential for processed cassava products, including starch and as a 
carbohydrate base in poultry feed. Several research institutes in Nigeria do work on cassava. This includes 
development of new varieties, integrated pest management, agronomy, and processing. 

Key Words: processing, processed products, varieties, technologies. 

Introduction 

Cassava (Manihot esculenta Crantz) was introduced 
into the coastal areas ofNigeriain the last halfofthel 6th 
century by the early Portuguese explorers. Since then 
cassava has become a major staple food crop. It supplies 
about 70% of the daily calorie intake of over 50 million 
Nigerians. 

Production 
In Nigeria, cassava can grow as far as latitude 13 north 
of the equator and as high up as 2,000 m.However, soil 

and climatic factors, such as rainfall, restrict its produc-
tion mainly to areas lying between the guinea sava.-a 
and the rain forest vegetation zones. 

Cassava grcwing areas in Nigeria can be grouped 
into three: major, medium, an, margina,, based on 
production levels and percentage of households cul-
tivating cassava. The major cassava producing states 

are, in order of importance -Bendel, Imo, Oyo, 
Anambra, Benue, Rivers, ar. .iross River. In these 
states, the estimated annual production ranges from 
100,000 t in Cross River to463,000 t in Bendel. In all 
these states, with the exception of Cross River, more 
than 50% of the households are reported to cultivate 
cassava (Table 1). Medium cassava producing states are 
Kwara and Ondo where the annual production figures 
lie between 50,000 t and 100,000 t. Over 50% of the 
households in these two 'tates are estimated to cultivate 
cassava. The remaining states arz classified as marginal 

cassava producers as the annual production isestimated
 
at less than 50,000 t.Apart from Lagos and Ogun states, 
less than 50% of the ihouseholds are estimated to cul
tivate cassava (Table 1). 

Utilization 
Cassava is used mainly for human consumption, al
though small proportions of total production are used in 
livestock feed and as industrial raw material. Cassava 

This paper is taken from Status of Data on Cassava in Major Producing Countries in Afica:Cameroon, Cbte d'lvoire, Ghana, Nigeria, 
Tanzania. Uguanda and Zaire. Collahorative Studv of Cassava in Africa (COSCA) Working Paper No. 3,edited by Felix 1.Nweke, John 
Lynam, and Coffi Prudenci,. It is reprinted here with permission of the editors. 

- Nigeria. COSCA Project National Research Co-ordinator, National Root Crops Research Institute, P.M.B. 7006, Umidike, Nigeria: 
Department of Agricultural Economics, Obafemi Awolowo University, Ile-Ife, Nigeria; and National Root Crops Research Institute, 
PM.B. 7006. I Imudike, Nigeria. respectively. 
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Table 1. Cassava production (annual averages 

for 1982/83 and 1983/84 cropping sea-

sons) by state in Nigeria. 


State Production Households 
(000 t) cultivating cassava (%) 

Anambra 2 3 76 

Bauchi 0 0 

Bendel 463 92 

Benue 173 78 


Borno 0 0 
Cross River 101 15 
Gongola 22 17 
Imo 395 96 
Kaduna 11 13 

Kano 6 15Kwara 73 70 
Lagos 7 77 

Niger 6 42 
Ogun I1 88 

Ondo 67 77 
Oyo 300 89 
Plateau 7 25 
Rivers 127 95 
Sokoto 0 0 

Source: Federal Office of Statistics, Lagos 1985. 

in its various processed forms is used to prepare a wide 
range of meals in Nigeria, eba, prepared from gari, is 
the most popular cassava meal in all of Nigeria. It is 
estimated that about 70% of the total cassava harvest is 
processed into gari (Ngoddy 1977). Lafun, prepared 
from flour, is very popular especially in the western 
states of Nigeria. Foufou prepared from cassava fer-
mented in water, is very popular in the eastern states and 
Bendel, especially in the rural areas. Tapioca, cassava 
roots parboiled, sliced, fermented overnight in water, 
washed, and dried is also popular in the eastern states 
and Bendel. Pure cassava starch is cooked and eaten 
with banga soup, mainly in Bendel State. 

The processing of each of the products from which 
these meals are prepared involves some fermentation. 
Inaddition to processed cassava products, fresh roots of 
low cyanide varieties are eaten raw, boiled, or roasted 
in some parts of Nigeria. 

Cassava is now used as a carbohydrate base in 
compounding livestock feed, as a partial substitute for 

maize. By-products from cassava processing are widely 
used to feed chicken and goats in the traditional sector. 
In the industrial sector, there are at least five large-scale 
cassava starch mills. There is great potential for cassava
starch utilization in Nigeria's wood, paper, textile, 
sweetener, and alcoholic beverages industries, to narn,: 
a few. These industries largely depend presently on 
imported starch. The current erratic supply from domes
tic sources is due to the large demand for cassava for 
human consumption. Unless supplies increase the 
potential for the use of cassava in induatry will not be 
realized. 

Trade 
Although there are speculations about the informal trade 
in gari across the borders of Nigeria to other West 

African countries there is no record of such trade. Thereis extensive internal trade in cassava mainly for human 
consumption. This trade islargely in processed products 

and generally between rural and urban areas. Even in 
the extreme north of Nigeria where production is 
limited, processed cassava products are sold in urban 
centers. 

Research on cassava 
The National Root Crops Research Institute (NRCRI) in 
Umudike in eastern Nigeria is mandated by the federal 
government to carry out research on cassava. However, 
there are a numberof other research institutes in Nigeria 
which are also involved in cassava research. They in
clude the International Institute of Tropical Agriculture 
(IITA), Ibadan; the Federal Institute of Industrial Re
search (FI1RO), Oshidi; the Project Development Agen
cy (PRODA), Enugu; the Institute of Agricultural 
Research (tAR), Samaru; and the Institute of Agricul
tural Research and Training (IAR&T), Ibadan. Cassava 
research is also being carried out in some universities. 
Such research covers almost all aspects of cassava 
production, processing, distribution, and consumption. 

Several high-yielding, disease and pest tolerant 
varieties of cassava, for example, U/41044 and U/7706 
developed at NRCRI, and TMS 30555, TMS 30572, and 
TMS 30211, developed at IITA, have been released to 
Nigerian farmers. In addition, based on the results of 
uniform yield trials, NRCRI has also released as planting 
material four top selections labeled 82/2, 8210, 8220, 
and 8208. These varieties are resistant to major cassava 
pests and diseases such as cassava mealybug (CMB), 
cassava green spider mite (GSM), cassava bacterial 
blight (CBB), and cassava mosaic virus disease (CMD). 
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An integrated approach involving chemical and cultural 
control measures (early planting and planting depth) has 
proved effective in combating the CMB and GSM. 
Bioagents, such as Epidinocarsis lopezi (the natural 
enemy of mci'.?bugs) have been bred and released in 
some locations by I1TA in collaboration with NRCRI. 
This, in addition to the other technologies, has led to a 
drastic reduction in the population of CMB. 

Stu, *es have resulted in the development of tech
nologies for row planting, regular spacing, fertilizer 
practices for the major soil types, beneficial intercrop-
ping systems, and optimum time of planting for the 
various ecological zones. Weed control studies at NRCRI 
and IITA have shown that weeds can be controlled where 
cassava is grown as a sole crop or an intercrop by the 
use of herbicides and live cover crops such as egusi 
melo: (Colocrithvis citrulus). In collaboration with the 
FAo, the NRCRI has developed a multi-furrow planter 
and harvester which has proven efficient, although 
some modifications may be necessary for manufactur-
ing it locally'. 

Whole cassava meal and cassava peel meal have 
been developed as acarbohydrate base for poultry feed. 
These can substituted up to 75% for maize depending 
on the class of poultry and the method of production. 
Techniques have also been developed for processing 
cassava into powdered starch and for further processing 
the powder into cold water starch for textile finishing, 
home laundry purposes, and adhesives. 
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Cassava Production, Consumption and Research in
 
the United Republic of Tanzania' 

M. A. M. Msabahaand B. W. Rwenyagira2 

Abstract 

Cassava is an important food crop in Tanzania. The crop is grown all over the country. Most of the 
recent growth in production has come from increased area planted as average yields remain low due to a 
variety of constraints. Cassava processing is done mostly by women and is for human consumption. A 
small percentage of processed cassava goes to animal feed and starch. Research has focused on disease 
resistant varieties, integrated pest management, and postharvest technologies. 

Key words: yields, production constraints, processing, improved varieties. 

Introduction 
The United Republic of Tanzania has apopulation of 
about 22 million people and an agrarian economy. 
Agriculture contributes 50% of Gross Domestic 
Product, generates 75% of the foreign exchange earn-
ings, and employs about 90% of the labor force (MALD 
1983). The dominant mode ofagricultural production is 
smallholder farming. Maize is the major food staple 
followed by rice, sorghum/millet, and cassava (MALD 
1987). 

In 1984, the government launched a national food 
program for the period 1985 to 2000, and one of the 
strategies adopted was to emphasize the production and 
consumption of cassava. The crop has a long history of 
providing food security in the country particularly 
during famine. It is compatible with local feeding sys-
tems; is a source of cash income; and is used as a raw 
material for some industries. In 1986, the UNICEF office 
in Dares Salaam sponsored a case study for reviewing 
the production, consumption and uses of cassava in the 
country, 

Production 
Estimates of production of the major food crops in 
Tanzania, namely, maize, rice (paddy), wheat, cassava 
and millet/sorghum are summarized in Table I. Up to 
1987, there was an increase in production of all food 
crops except cassava which showed adecline from 2.03 
million t in 1986 to 1.71 million t in 1987 (Table I). 
Annual production figures for the period 1975 to 1987 
show that the highest annual mean production of 1.77 
million tper year was recorded for maize. The annual 
growth in the production of food crops was greatly
influenced by the expansion in area planted (MALD 
1982). 

Limited farming system surveys carried out in the 
country indicate that farmers practiced more intercrop
ping than monoculture. Most cassava varieties grown 
are local in origin. Estimated average yields ofd.y roots 
for local and improved varieties under farmers' condi
tions are 1.4 and 5.0 t/ha, respectively (MDB 1985). 
However, at research stations, yields of local and im
proved varieties are around 2 t and 10 t of dry roots per 

This paper is taken from Status of Data on Cassava in Major Producing Countries in Africa: Cameroon. C6te d'lvoire. Ghana. 
Nigeria, Tanzania. Uganda and Zaire. Collaborative Study of Cassava in Africa (COSCA) Working Paper No. 3,edited by Felix I. 
Nweke. John Lynam. and Coffi Prudencio. It is reprintd herc with permission of the editors. 

- Mwanza Research Station. and Ministry of Agriculturc. Tanzania. respective. 
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Map 1. Cassava production in Tanzania a 
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Source: Tanzania Food and Nutrition Centre (TFNC) Data Report 19R2. 
"The map shows cassava production by region for 1979/80. 
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Table 1. Tanzania: Production (000 t) of main food crops, 1975-87. 

Year 	 Maize Paddy 

1975 	 1,367 265 
1976 	 1,499 346 
1977 	 1,664 314 

1978 1,465 387 
1979 1,720 262 
1980 1,726 291 
1981 1,839 200 
1982 1,654 320 

1983 1,651 350 
1984 1,939 356 
1985 2,067 425 
1986 2,127 496 
1987 2,359 644 

Mean 1,771.3 358.1 

Source: Marketing Development Bureau 1987. 

hectare, respectively (Msabaha et al. 1985). Production 
of dry roots from the regions between 1975 and 1987 is 
summarized in Map I. 

Cassava js widely crown all over the co~untry. The 
most important cassava growing areas are around Lake 
Victoria (Nwanza. Shinvanga. and Mara regions): Lake 
Tanvanvika (Tabora and Kigoma regions) ; Lake Nvasa 
(Ruvuna region): along the coastal stnp ot the Indian 
Ocean (Tanua and all Zanzibar Regions): and along the 
Ruvuma Valley (Mtwara Region). The altitude of these 
areas is between sea-level and 1.500 m, and rainfall is 
between 900 mm and 1.2(0 mm pr annum. There is not 
much cassava Lrown in the higher altitude areas of 
Mbeya and Irnna regins, 

Important production constraints for cassava in 
Tanzania are: 

i. 	 Disease: The most important cassava diseases 
are cassava mosaic virus disease (CMD) which 
causes yield losses of tip to 9C1 in susceptible 
varieties (Jennings 19701 and cassava bacterial 
blight (Xanthomonas campestrs pv manihotis) 
which is equally devastating. CMD) is widely 
distributed in the country, whereas CBB is 
restricted to areas around Lake Victoria and 
Lake Nvasa. 

ii.Pests: Termites. cassava green mite 
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793 
1,157
 

850 
922
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826.7 

(Mononychuellus spp), and cassava mealybug 
(Phenacoccus manihori) are the most serious 
cassava pests in the country. The corresponding 
estimates of yield losses in susceptible varieties 
caused by these pests are 39% to 49% (AIR 
1984), 50% to 80% (Shukla 1986), and 52% to 
100 (Msabaha 1987). All the pests are 
widespread except cassava mealybug. 

iii. 	Agronomy: Most farmers do not follow recom
mended agronomic practices. Frequently, cas
sava is planted late and left to grow with weeds 
particularly in tuonoculture. 

iv. 	Lack of improved planting materials: There is no institution responsible for the multiplication 

and distribution of the improved materials to 
farmers. Consequently, farmers plant any 
variety available. In most cases, such varieties 
have low genetic potential in yield or poor resis
tance to major pests and diseases. 

v. Poor marketing infrastructure: Most cassava 
producing centers are in the rural areas. 
Transport from the production centers to 
marketing places in urban centers is very costly. 

vi.Cultural: Some tribes have customs which 
prohibit consumption of cassava-based 
products. 
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Figure 1. Dry methods of processing cassava in the lake zone area of Tanzania. 

Cassava rootn 

Peel 

Solar dry, on stones, Solar dry (1-2 days)
 
Soil, Iron sheets etc.
 
(common for sweet
 

Heap whole root 
cover with dry or
 
wet leaves or peels
 
(4-7 days depending
 

Pound on efficiency of
 
fermentation using
 
fungal growth as
 

flour indicator). Common
 
for both sweet and
 
bitter varieties 

Scrape to remove Dry together with 
fungal growth fungal growth 

Solar drn Pound (stone, mallet) Scrape off fungus 

, ,, after drying 

Grind to get Solar dry (approx. ' 
udaga 2 days) Poundudagato get 

Grind Pound 
Grind 

___ou_____ai___Udaga for useflour oin ugali flour for ugali 

Source: Msabaha, Kepakepa and Liawal 1986. 

62 



Figure 2. Wet method of processing cassava roots in Tanzania. 
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Utilization 
Cssava processing is mostly done by women. Process-
inu methods differ depending on the end product. The 
most common methods for processing cassava into dry 
chips and flour are summarized in Figures I and 2. 
Processine for immediate use invoves peeling and 
roasting on charcoal or frying in oil to provide a quick 
meal. Processing of cassava leaves involves pounding 
or crushine the leaves before cooking. Sometimes the 
leaves are soaked in water before cooking to reduce the 
hvdrocvanic acid (IICN) level. 

A small peicentage of the processed cassava is 
utilized in domestic animal feed. In 1985. the Tanzania 
Animal Feeds Company used dry cassava in manufac-
turing anim:! ;ecd for poultry and pigs (MALD 
I987.The poultry feeds contained 5% to 109%cassava 
flour and the feeds for pigs contained 20% cassava flour 
i Msahaha et al. 1986). The mantfacturing of such cas-
sava-hased feeds was, however, stopped because it was 
expensive. Cassava is processed into starch at the Tan-

Soak unpeeled root (5-7 days 
because it takes longer to soften 

due to peels)d, 

Crush 

4,
 
Innoculate withpre-fermented material 

pe 

Heap, cover with leaves, hides or even iron sheets 

4
 
Apply weight on top (press) 

Ferment (4 days)
F 

Dry on rocks, iron sheets or hides 

zania Starch Manufacturing Company located in 
Mwanza. The factory has a capacity to process 40 t of 
wet cassava or 15 t ofdry cassava perday :MALD 1987). 
The starch is used by some textile, paper, and confec
tionery industries in the country. 

Factors which limit the consumption of cassava 
have not been thoroughly assessed. However, consumer 
prices of preferred cereals are relatively more sub
sidized than theconsumerpriceofcassava.Thereis lack 
of variety in the cassava-based products in the local 
markets and cassava.based dishes in restaurants and 
hotels. At present, common cassava-based products in 
the markets are limited to fresh cassava roots and leaves 
and dry cassava chips and flour. Most of the cassava 
products in the market are low in quality, have short 
shelf-lives, and relatively high HCN residues. The Tan
zania Bureau of Standards (TBS) is working on stand
ards for dry chips and flour. The Tanzania Food and 
Nutrition Centre (TFNC) and Sokoine University of 
Agriculture are working on improving the efficiency of 
methods for reducing HCN during processing. 
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Research and Training 
The National Root and Tuber Crops Improvement Pro
gram in the mainland is financed by government, while 
the component program in Zanzibar is financed by both 
the government and the International Development Re-
search Centre (IDRC). In general. the resources for re-
search have been very limited: however, the program 
has been able to train staff to build up in-program 
capability. Scholarships received from the International 
Institute of Tropical Agriculture (llT'). Ibadan, helped 
to train a good number of the staff. 

Improved varieties which are high yielding and 
moderately resistant to cassava mosaic virus disease 
WMD) and green spider mite have been developed. 
Multiplication of improved materials on station and 
distribution to nearby farmers iscarried out on a limited 
scale. A germplasm collection c.nsisting of local and 
exotic (improved IITA planting material) varieties has 
been established. There are about 370 varieties in the 
collection which have been classified as "bitter", "inter
mediate", or "sweet". Preliminary work has been done 
to assess the efficiency of traditional processing 
methods of cassava, and on the utilization of cassava-
based products in formulating livestock feed. The work 
wascarried out at Sokoine University ofAgricultureafd
the results are promising. 

Although thf, resources to carry out research con
tinue to be restrictive, work continues. The breeding 
program aims at developing low HCN varieties which 
are high-yielding and resist:,nt to major pests and dis-
eases. Agronomy activities will focus on the improve-
ment of cassava-based farming systems, collecting 
baseline data, and developing systems for the use of 
inorganic and organic fertilizers. Surveys to establish 
the distribution of major pests and diseases will be 
carried out along with the development of Integrated 
Pest Management (!PM). Biological control, host plant 
resistance and cultural control will be the main com-
ponents of[PM. Methods to improve traditional process
ing and better postharvest storage technologies will be 
tested. Potential uses of cassava will be studied. The 
multiplication of planting materials will be carried out 
along with on-farm evaluation of promising clones. 'roe 
trainine of staff to carry out the research activities, 
however, will depend on the availability of scholar-
ships/fellowships from donor agencies. 

Table 2. 	Tanzania: Cost of energy from major
 
staples.
 

Staple Kcal/100g Shs/lOOOKcala 

Maize 362 4.70
 
Rice 354 9.89
 
Wheat flour 350 9.89
 
Sorghum 353 5.10
 
Millet 365 6.30
 
Cassava (dry) 342 3.51
 
Source Jonsson 1986. 

"rShs/I.0 = US$0.005. 

Table 3. Tanzania: Percentage of total energy 
intake from the consumption of cassava 
by regions. 

Rakero 

Mtwara 	 59.5 

Kigoma 59.0 
Mwanza 55.3 
Lindi 40.9 
Mara 	 35.7Ruvuma 29.5 

Morogn76 22.4 
Shiryaitg_ 19.4 
Coast 16.0 
Kagera 10.0 
Tanga 9.3 

Tabora 7.5 
Rukwa 6.7 
Mbeya 5.1 
Arusha 4.1 
Iringa 4.0 

Singida 1.9 
Kilimanjaro 1.8 
Dodoma 1.4 
Dar-es-Salaam n.a. 
Zanzibar (all regions) n.a. 
Source: Jonsson 1986. 
n. a. = not available 
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Cassava in Uganda' 

G. W. Otim-Nape andJ. U. A. Opio-Odongo2 

Abstract 

Cassava is the most important root crop in Uganda. It is grown in all districts but particularly in the 
Eastern and Northern Regions. Cassava processing and consumption vary across regions depending on 
the varieties grown, local customs, and tastes. Cassava roots are eaten raw or roasted. Boiled and mashed 
cassava are also popular. Cassava is also used to make flour, local alcohol, and industrial starch. Major 
production constraints include diseases such as cassava bacterial blight, pests, and poor agronomic 
practices. 

Key words: production, consumption, processing, production constraints. 

Production 
Cassava is the most important root crop in Uganda. 
Among African countries, Uganda ranks fifth in both 
the quantity produced and the area of sand under cas-
sava. In 1983, over 3.2 million t of fresh cassava roots 
were produced (Fig. I) Total production in 1986 was 
estimated to increase by 30%. There was a general 
increase both in area planted and quantity produced 
throughout the period 1971-83 There was a sharp 
decline between 1976 and 1978 which can be attributed 
to the acute shortage of agricultural inputs in the 
country, particularly hoes and animal-drawn imple-
ments. The problem was further worsened by the ill 
effects of war in 1979 which severely reduced produc-
tivity in the entire agricultural sector. 

After the war, production of cassava dramatically 
increased from 848,000 t in 1979 to 3.2 million t by 
1983, a four-fold increase: and from a yield of 3.8 t /ha 
in 1978 to 9.7 t in 1981. These improvements are the 
result of the government's present policy of reviving the 
entire agricultural sector through the provision of 
agricultural inputs and incentives. During the same 
period. Ugandan farmers shifted away trom growing 

cash crops, such as cotton, which demand high labor 
input and yield low financial returns,when compared to 
food crops, such as cassava and maize. 

Cassava ranks second among major food crops in 
Uganda (Table I ). It is preceded only by bananas and 
closely followed by sweetpotato and finger millet. With 
its relatively low labor demand and high-yielding 
ability, cassava has more advantages than n'ost other 
crops. At present it is grown in all the districts of Uganda 
particularly in the relatively drier Eastern and Northern 
Regions where it commands a major role as a 'aple 
food (Table 2). In the Central Region and some colder 
areas of the Western Region, cassava has been largely 
replaced by plantains, sweetpotatoes, or potatces. 

Cassava is mainly grown by smallholder farmers 

on plots varying from 0. I ha in the Lake Victoria region 
to 0.9 ha in the Eastern, Northern, and Northwestern 
Regions. Stem cuttings, about 30 cm long, are planted 
horizontally in the ground at spacings of about I m x I 
m. About 30% of the total cassava is planted with the 
first rains, 50% of it is intercropped with various annual 
crops, such as grouninuts, beans, or maize, which are 
harvested after three to four months to leave pure stands 
of cassava. Commercial planting of cassava is rare, 

SThis paper is taken trorn Status of Data on Cassava in Major Producing Countries in Africa: Cameroon, C6te dIvoire. Ghana,
 
Nigeria. Tanzania. Ueanda and Zaire. Collaborative Study of Cassava in Africa (COSCA) Working Paper No. 3, edited by Felix I.
 
Nwcke, John Lynam. ,nd Cotli Prudencio. it is reprinted here with permission of the editors.
 

- Namuongc Research Station. P.O. BoA 7094. Kampala. and Professor. Makerere University, Uganda, respectively. 
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Figure 1. Uganda: Relative importance of cassava with respect to production and area cultivated of other 
crops, 1980-83. 
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Table 1. Uganda: Relative importance (%)of major staple foods, 1965-66, and 1970-86. 

Year Cereals Plantain 

1965-66 44 30 

1970-71 31 37 

1975-80 30 35 

1980-81 28 32 

1981-82 28 32 


1982-83 28 31 

1983-84 19 41 

1984-85 27 35 

1985-86 27 35 


althoueh the lira Starch Factory has a large estate of 
cassava in the Northen Region. Because of the subsis
tence nature of cassava cultivation in Uganda, the use 
of fertilizers and herbicides are rare. 

Cassava is generally ready for hanresting twe!ve 
months after planting. Where cassava is intended for-
sale, the whole field may be harvested at once: however, 
when intended for family use, it is harvested as needed. 

Table 2. Uganda: Areas under cassava by region, 
1981-83 average, 

eio hra) C/C 
(000 ha) 

Northern 128.28 37.8 
Eastern 89.79 26.5 
Western 77.07 22.7 
Southern 44.01 13.0 
(Central) 
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In general, cassava i a main component of the food 
system and iseaten throughout the year (Table 3). Sweet 
(low cyanide) varieties are consumed raw, roasted, 
boiled, or dried and milled into flour. Food preferences 
ar2iong the people of Tororo and Soroti/Kumi districts 
of Uganda indicate that cassava iseaten in combination 
with other starches iTable 4). 

Traditional processing methods were found to vary 
among regions, depending on the varieties grown, local 
customs, and tastes. Raw sweet cassava iseaten in Lira,
Apach, and [ganga districts. In Iganga, raw cassava is 
only eaten during the harvest of other crops like 

groundnuts, millet, cotton, and sorghum, when farmers 
spend the whole day in the fields harvesting and no 
cooking isdone. InApach and Lira, raw cassava iseaten 
as asnack and thirst quencher. 

Table 3. Uganda: Relative importance (%) of major staple foods by area, 1987. 

Area Grains 

Lake Victoria crescent 30 
Northern Bugania 20 
Busoga/Bukedi 50 
Bueisu/Sehei 40 
Teso 70 
Karamoja 45 

Lango/Achol 50 
W. Nile/Madi 45 
Bunyoro/Toro 30 
Ankole 40 
Kigezi 60 

National 39 

PlantainiBanana 

60 
60 
25 
40 

-

-

15 
50 
15 
33 

Cassava 

5 
15 
10 
5 

25 
55 

45 
50 
45 
5 
5 

20 

Potato 

5 
5 

15 
15 
5 
-

5 
5 

10 
5
 

20
 
8 
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Table 4. 	Uganda: Food preferences among farmers 
in the Eastern and Northern regions, 

Farmers sampled 

in districts % 


Food mixtures Tororo Soroti/Kumi 


cassava + millet 50.0 32.5 

cassava + sorghum 44.0 47.5 

cassava + sweetpotato 0.0 20.0 

cassava alone 6.0 0.0 


Total 	 100.0 100.0 
Source: 	Uganda National Root Crop Improvement 


Programme. 


Sweet cassava roets are also roasted with or without 
the peel. Although some cyanide is present in unscraped 
roots, this is destroyed by heat. The moist soil on the 
surface of the root dries nd falls away when it is 
exposed to the snL or fire for some time. The roots are 
then buried in hot ashes at temperatures of 100-150'C 
or are placed in hot cinders and turned continuously for 
20 to 30 minutes. Roasted cassava is common among 
school children as a snack, especially among children 
in boarding schools. 

Boiled and mashed cassava is a popular food in 
Uganda. The roots are peeled, scraped, and then washed 
in water. The peeled roots are cut up and split to remove 
tle fibrous core. The roots are then put incold water and 
boiled. When the roots are soft they may be mashed, or 
pounded and eaten with a sauce. In Iganga, the roots are 
boiled with spices and with other foods like groundnuts, 
sirnsim, and mutton. Cassava roots are also steamed 
hevec.i banana stalks and leaves, which impart a cer-
tain flavor to the roots which is popular in lganga and 
Kampala. 

Traditionally, the problem of stc.,age has usually 
been overceme by leaving the roots in the ground until 
needed. If more cassava is harvested ,han needed, how-
ever, the excess is peeled and sliced into chips and 
allowed to dry for three or fourdays in the sun. The dried 
slices orchips are then stored in a cool dry place, usually 
in tins and granaries. When the chips are to be eaten, 
they are ground into flour called moko mogo orunga, 
which is used in preparing kwon or ugali. Kwon is 
prepared by adding cassava flour to boiling water until 
a thick firm paste is formed, 

Cassava "lour may also be mixed with millet or 
sorghum ina ratio oftwo partscassava toone part millet, 
or three parts cassava to one part sorghum. The propor-

tions tend to vary depending on the availability ofeithe: 
cereals or cassava, or on how soft the bread should be. 
When the cereals have been exhausted, the pure cassava 
flour is eaten. In Lira and Apach, mixtures of cassava 
and mllet or cassava and sorghum are ground and the 
flour is used to make porridge. In Apach, the chips are 

allowed to ferment for three to four days until they get
mouldy. The mould is scraped off and the chips are 
further dried in the sun. The fermentation imparts a 
flavor to the flour which the consumers find desirable. 
The cassava and grain flour mixtures are also processed 
into other edible products like bread, chapatis, and 
pancakes. The nroportions are indeterminate and 
depend on the availability of the grain flour; sometimes 
pure cassava flour is use. 

Local alcohol, enguli, waragi,or kwete, is distilledfrom dry cassava roots for drinking. Industrial starch is 
manufactured at the Lira Starch Factory, about 200 
miles north of Kampal., 

Cassava as a source of cash
income for the farmer 
According to a recent on-farm survey by the Uganda 
Root Crops Improvement Programme, out of the total 
cash earnings from farm produce, 80% and 60% areearned by farmers from the sale of cassava in 
Soroti/Kuini and Tororo districts respectively. Cassava 
is sold as fresh roots, dry chips, flour, or waragi. 

Production constraints 

Diseases, Bacterial diseases reported in Uganda include 
cassava bacterial blight (CBB), bacterial leaf spots and 
stem gall, possibly due to Agrobacteriumtumefaciens. 
Among viral infections, only cassava mosaic virus dis
ease (CMD) occurs in the country. Fungal diseases 
recorded are brown leaf spot, concentric ring leaf spot, 
anthracnose, vascular wilt, root rot, and white root rot. 
Cassava bacterial blight and cassava mosaic virus dis
ease are the most serious diseases of cassava in the 
country. Cassava bacterial blight exhibits wide 
pathogenic variability in Uganda and detailed studies on 
the distribution, symptoms, methods of innoculation, 
epidemiology, and control of CBB in Uganda have been 
made. The planting of CBB-resistant varieties in ex
perimental plots has demonstrated the most effective 
form of control. 

Cassava mosaic virs disease belongs to the gemini 
virus group and occurs throughout the country where it 
causes serious economic loss. The disease is transmitted 
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by the white fly vector, Bemisia tabaci,generally under 
natural field conditions through infected planting 
material. Past research efforts in East Africa con-
centrated on developing CMD-resistant cassava 
varieties and releasing them to farmers. In the earl' 
1950s. two CMD-resistant varieties known as bukolasa 
8and I I were released to farmers to replace the common 
susceptible local varieties. This program proved very 
successful, but with the general breakdown of agricul-
[ural scrvices in the 1970s as a result of political in-
stability, fariiers relaxed the mosaic control regulations. 
The result is that cassava mosaic virus has become the 
most serious cassava disease causing the greatest 
economy loss of cassava in the country today. Recent 
research at Mugaga, Kenya, and at Serere, Uganda,has 
indicated that CMD can be effectively controlled by the 
use of mosaic free planting material and roguing. When 
this practice iscombined with the planting of resistant 
to moderately resistant varieties, the control can be most 
effective. 

Pests. In Uganda, the cassava 'green) mite comprises 
four tetranychid mites, Mononvchellus tanajoa (Bon
dar), Tetranvchus telarius L. (= T. urticae Koch), T. 
cinnabarinus (Boaisd), and Oligonvchus -ossypii 
(Zacher). Of these, only M. tanajoa,the green mite, is 
of economic significance in cassava. N1. tanajoa is 
widespread and isconsidered to be the most destructive 

pest of cassava in Africa. It ismost destructive during 
the dry season, when severe infestations cause heavy 
defoliation of the plants. Control measures currently 
being tested include releasing phytosid mites (natural 
enemy of the green mites) in infested areas, and by 
distributing the newly developed resistant variety, Eb
wanateraka. 

Poor agronomic practices. A recent on-farm survey 
carried out by the Uganda Root Crop Improvement 
Programme indicated that farmers' agronomic practices 
in the production of cassava are poor. Even simple 
measures such as timely planting and optimum spacing 
of cassava are lacking. The recent survey also showed 
that labor costs appear higher than the cost of using 
herbicides. A reduction in the numberof hand weedings 
through timely use of herbicides could reduce weeding 
costs. There isaneed to introduce herbicides, to advise 
farmers on optimal spacing, and to recommend oetter 
intercropping systems. 
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Cassava in Zaire 

Brook A. Greene' 

Abstract 

Za're is the third largest producer of cassava in the world. Cassava is the most important source of food 
energy for a majority of the population and a major source of rural income. Declining soil fertility and 
demographic changes will encourage more intensive production methods. Government price and market
ing liberalization policies are directed towards encouraging continued excess production of cassava in 
order to stabilize urban prices and encourage utilization in agro-industrial development. 

Key words: rural income, food energy, excess supply, consumer prices, agro-industries. 

Introduction 
World production of cassava (or manioc: Manihot es-
culenta Crantz) was about 125 million tons in 1988 and 
was used in the following manner (figures in brackets 
refer to Africa): 

* 60(%( (887() used in human consumption, directly or 
processed 


* 30(% (21,1 used for animal feeds, unprocessed or 
processed 


* 10% (10% wasted 

* 2514 (0. I )exported 

* 24% (Or/ imported (Dorosh 1988). 

The tour largest producers in the world in order of 
importance are Brazil, Thailand, ZaYre, and Nigeria. 
Together they produce about 67% of total production 
([[TA 19X81. Africa proJuces about a third of world 
production. (r 45 million tons with the four largest 
producers being Zaire (29%), Nigeria (23/(), Tanzania 
(II , and Mozambiqute (6%) (Dorosh 1988). 

Average yields varied between 3to 15 t/ha with a 
very modest, if any, increase over the period 1970/74 to 
1980/84. New varieties released by International Insti
tute for Tropical Agriculture ([[TA) were only being 
used on a limited hectarage and mainly in Nigeria. Over 
this period, annual rates of growth in production were 
estimated by Dorosh, who warned that figures were 
only rough estimates, to have been on the order of 1.2%, 
2.9%, and 3.4% for West, Central, and East/Southern 
Africa, respectively. Most of the increase during this 
period had taken place due to areaexpansion rather than 
increases in average yields. After 1984, ITA, especially 
its Resource and Crop Management Program, has been 
encouraging research and development of improved 
varieties throughout West and Central Africa in partic
ular. One can expect national average yields to improve 
to some extent with the adoption of new varieties, but 
more through the adoption of other inputs such as 
chemical or organic fertilizers and improved cultural 
methods. 

With regard to total available energy, cassava ranks 
fourth after rice, maize, and sugarcane as a source of 
energy, providing more energy (joules) per ha and per 
year than any other crop except sugar cane. Incompari-

Agricultural economics analyst attached in Unied States Agency for International Development (USAID) / Chemonics Intematiunal/ 
Government of Zaire. Agricultural Planing Project (Nov. 1987-Nov. 1990), current address c/o Institut de Gestion Internationale 
Agro-Alimcntairc (IGIA). 13. Boulevard de I'ltautil- F 95092 CERGY - PONTOISE CEDEX -Fance. 
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son with other root crops, cassava ranked first in the 
world in 1984 followed by sweetpotatoes. In tropical 
Africa, cassava also ranked first, providing three times 
as much total energy as yams (Dorosh 1988). The 
International Food Policy Research Institute (IFPRI) 
estimated that one hectare of cassava produced on 
average 9 times the energy produced by one hectare of 
maize, 12 times that of rice and 7 times that of plantain, 
Cassava roots plus leaves provide three times the 
amount of protein in rice, 2 and 1/2 times that of maize, 
and 7 times that of plantain. Further, the mineral and 
vitamin content of cassava is higher than that of maize, 
rice, or plantain (Tshikala and Lumpungu 1989). 

Cassava is the major food crop in Zaire, where it is 
known as manioc. Staple foods ("produits vivriers") 
made up 36% of the total value of agricultural produce 
marketed during 1986 with the other most important 
agricultural products being coffee( 17%), assorted wood 
products(7% , and oil palm productst5%). The agricul-
tural sector as a whole contributed I1% to the total 
estimated Gross National Product in this year (Marchs 
"lropi'aux tAMjditerrandens 1988). 

In summary, cassava is an important crop for Zaire, 
Africa, and the world. Itisparticularly suitable for small 
farmers due to its ability to produce on marginal land, 
to withstand variable and unfavourable climates as well 
as resist insects and diseases, it's usefulness in provid-
ing food over a long period of time as well as providing 
a wide range of food by-products w'ith high energy 
content (ttTA 1989). 

Production 
In 1987, the Service des Etudes et Planification (SEP) 
of the Department of Agriculture interviewed 240 farm 
households in five out of the nine regions of Zai're. The 
survey covered a band of the country from the region of 
Bas-Zafre in the West through Bandundu, West and 
East Kasai. and Shaba in the East, called the "Bande 
Sui. and including some 40% of the total population. 
Results indicate that 98% of households surveyed 
produced cassava and 94% maize (D~partmnent de L'-
Agriculure 1987i. Cassava is cultivated by the majority 
of rural households in Zaire. Marketable surpluses flow 
into urban centers from surrounding areas that have 
,ome lorm ofavailable transportation, either roads, rail, 
o)r rivers. Major surpluses are marketed from Bas Zaire 
and Bandundu regions into the largest urban center, the 
capital Kinshasa (Map I ). 

Total national cassava production was 10.3 million 
ton,, in 1971 according to data published by the Divi-

sion of Agricultural Statistics in the Department of 
Agriculture, although production figures vary with the 
source and should be used only as rough indicators 
(Dcpartment de L'Agriculture 1986). The estimates 
were 12.6 million tons in 1979 and 17.4 million tons in 
1989 (quoted in Shapiro and Tollens 1992). This gives 
an annual rate of growth in production of 3.2% for the 
period 1979/89, a figure very close to the estimated rate 
of annual growth in population (Table I). Using this, the 
estimated figure would be roughly 19 million tons in 
1992 and 24 million tons in the year 2000. This com
pares with the estimate by IFPRI of 22.4 million tons 
(Tshikala and Lumpungu 1989). 

Cassava is by far the most important staple food 
produced in Za're. Total production was roughly 17 
times that of maize and 35 times that of paddy in 1989. 
Out of nine regions, Bandundu ranked second in per 
capita production with Bas Zaire 8th, these two regions 
together producing some 22% of the total for 1989 
(Table 2). 

A summary of FAO fertilizer trial data conducted 

between 1978/86 on 522 sites in 4 regions was prepared 
by the author (FAO 1985). The national average yield 
for local varieties under traditional farming methods 
was 8.6 t/ha (range: 3.8 in Shaba to 12.9 in Haut Zare). 
This differs from the national average usually quoted in 
official reports, that is 7 t/ha which resulted f,om the 
Band Sud survey (see Shapiro and Tollens 1992). With 
low rates of chemical fertilization, usually 50-50-50, the 
average was 13.2 t/ha (range: 5.3 in Shaba to 16.6 in 
Haut Zaire) and for higher rates, 100-100-100, the av
erage was 16.8 t/ha (range: 11.2 inWest Kasai to 20.1 
in Bas Za'fre)(Table 3). These data showed little differ
ence in the level of reponse to chemical fertilizers 
between local and improved varieties, each responding 
to fertilization to a similar degree. 

Research trials carried out by IlTA in Bas Za're in 
1988 gave an average yield from 7 sites of 6.4 t/ha for 
local varieties under traditional cultivation compared to 
16.5 and 24.6 t/ha for low(15Okg) and high (300kg) 
rates of fertilizatici with improved varieties (IITA 
1988). The FAO results from 77 sites in Bas ZaYre with 
trials carried out in 1981/82 using the same improved 
varieties Kinuani and FI100 gave average yields of 8.4, 
13.7, and 17.5 t/ha, respectively(FAO 1985). The aver
age for Bas Zaire from 24 sites in 1985/86 was very 
similar (FAO unpublished and Table 3). The FAO results 
were rather lower than those of the IITA trials. This 
variability in yields is common given the large number 
of variables that can influence output. 
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Map 1.Administrative and major food crop areas of Zaire. 
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Table 1. Cassava production in Zaire, 1971-90." 

Year Production Index Population Index Per capita production Ifidex 
(000t) (000) (t) 

1971 10,330 100 19,990 100 0.520 100 
1975 11,84) 115 22,580 113 0.520 100 
1978 11,780 114 24,674 123 0.477 92 
1980 13,090 127 26,380 132 0.500 96 
1981 13,170 127 28,046 140 0.470 90 
1984 15,040 146 30 ,730 

b 154 0.489 94 
1985 15,490 150 31,651 158 0.490 94 
1990 17,960 174 36,692 184 0.490 94 

Source. 1071- 978 (Dipartizent de L' Agriculture 1986)" 1979-1989 (Shapiro and Tollens 1992); 1990 production floure 
Calhtulated17v the authorusinc, r=3.2%/vear, 1979/89. 

SFigures roundedto nearest /0.000 (productin andpopulation)and 0.0/ t per capita. 
The actual h.tttut Vattonal Statistiquefigure was 30.729.443 quoted inShapiro and Tollens (1992). The population figures were 

,",dculatedwimn , a L/year growth rate hackwarasandforwards from the Census estimate for 1984 exceptfor the 1975 and 1980figures 
,!,ted in Shapiro and Tollens 

'Fable 2. Per capita production of cassava by region in Zaire, 1989. 

Region Production Population Per capita Production Rank
 
(000 000) (t) (kg/yr)
 

Kinshasa 520 (3%) 3,099 0.168 168 9
 
Bas ZaYre 870 (5%) 2,316 0.376 376 8
 
Bandundu 2,958 (17%) 4,382 0.675 675 2
 
Equateur 1,740 (10%) 4,132 0.421 421 6
 

1-laut Zaire i,914 (11%) 4,987 0.384 384 7
 
KIv 2.958 (17%) 6,270 0.472 472 5
 
Shaba 2,264 (13%) 4,595 0.493 493 4
 
Kasai Occidental 2,262 (13% 2,779 0.814 814 I
 
Kasai Oriental 1,914 (11%) 3,064 0.625 625 3
 

Total 174(AX- (100%) 35,624 0.488 488 
Source: The final population from the 1984 Census (30, 729,443) was taken from Shapiro and Tollens (1992), as was the 

/989 regional distribution of total production. A 3% growth rate per year was then used to obtain the estimated 
population for 1989 as 35.623,847. This total populution was then distributed b region using the same 
percentage distribution per region as Shapiro and Tollenf for the 1984 population rounded to the nearest 1,000. 
Kivu today is seperated into three regions: North. South, ond Manierva. 
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Table 3. Cassava yields of fresh roots (t/ha) in Zaire. 

Site/date No. sites Varietyb' 

Bas Zafre 7 Mpelolongi(L) 
(1988) Kinuani(l) 

F 100(l) 
18 I 

Bas Zafre 270 L 
(1978/84) 

(1981/82) 77 1 

(1985/86) 24 L 

Haut Zare 40 L 
(1981/83) 

Kasai Occidental 144 L 
(1981/83) 

Shaha 23 L 
(1978/80) 

(1985/86) 21 L 

"averages calculated by the author. 
b1.= local variety and I = improved. 

Fertilizer Average yield a 	 Source 

0 6.4c
 
0 11.2c
 
0 11.4c
 

150-300kg 16.5 - 24.6 	 IHTA 1988 
0 10.3 

40-40-0 15.9 
60-60-0 20.1 FA01985 

0 8.4 
40-40-0 13.7 
60-60-0 17.5 FAO 1985 

0 7.2-8.0
 
50-50-50 12.7 - 13.7
 

100-100-100 16.1 - 17.8 	 FAO unpub 
0 12.9 

50-50-50 16.6 
100-100-100 19.4 FAO 1985 

0 4.9 
50-50-50 8.0 

100-100-100 11.2 FAO 1985 
0 9.0 

60-60-60 14.7 
100-100-100 17.4 FAO 1985 

0 3.8 
50-50-50 5.3 

100-100-100 6.7 FAO unpub 

Yields taken 18 months alfer plantint , this data is unknown for all others. 

Results from two village level surveys on 25 house-
holds in Bandundu region carried out in 1988 were as 
follows: 

" Bulungu zone, average yield 6. I t/ha roots harvested 
13 months after planting (MAP) (Greene 1989); and, 

" 	Idiofa, a drier zone, average yield 2.4 t/ha of roots 
harvested at 16 MAP (Grcene 1989a). 

Estimate,. average houusehold production of' cos-
settes from a survev of 1.305 housholds throughout 
Bandundu region over the period 1988/89, carried out 
hy the Department of Agriculture and the University of 
Louvain under the Marketing of"Agricultural Products 
Project MAI') was 3.1 t or 8.2 t of roots from an 

unspecified hectarage (Dgpartrnent de L'Agriculture 
1989a/1989c). 2 If we assume the average of 1.13 ha 
found in the BandSud study for Bandundu (Dipartment 
de LAgriculture 1987), we obtain an average of 7.2 t/ha 
of roots, from this survey. 

Benefit/cost ratios 

1ITA found benefit/cost (B/C) ratios less than one for 
fertilizer application either for leaf or root production in 
their studies in Bas Zaire during 1988 (IITA 1988). The 
ratio from 21 sites scattered in Shaba region and con
ducted by the FAO fertilizer project during 1985/86 was 
0.5 (FAO 1985) and this was with a fertilizer price 
subsidized at 55 Zaires/kg or US$ 0.92/kg t S$=59.6 

lereafter refered to in the tcxt as the MAPP or the Marketing Project. This project covered 2 regions: Bandundu and Bas Zaire and 
also looked at Kinshasa 
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Za'res).3 Other FAO results during 1985/86 from 396 
sites in Bas Zaire using unspecified cassava varieties, 
but assumed to be improved varieties and local mixed, 
gave an average B/C ratio for low fertilizer rates of 6.4 
and for high rates of 4.9 (averages calculated by the 
author using unpublished FAO data obtained from the 
FAO office in Kinshasa). In Bas Zaire at that time, the 
farmer price for roots was 5Z/kg or USS 0.08/kg and 
fertilizer was provided by the project at 32 ZJkg or 
'S$0.54/ku. The author estimated that the subsidy was 

around 60% (Greene 1989). With the unsubsidized cost, 
the B/C ratios would have been nearer 3.8 for low and 
3.1 for high rates. It would appear that using fertilizer 
would have been attractive in Bas Zafre, but not in 
Shaba region. For every kg of fertilizer applied at low 
rates in Bas Zafre, the farmer would have produced 
35-45 kg more than with no fertilizer and at high rates, 
29-33 kg more of tubers. 

Micro-level studies on 25 households in Bulunqu 
iB)zone of Bandundu recion gave aB/C ratio of 3.5 for 
production of cossettes under traditional methods and 
no fertilization while a similar study in Idiofa (I) zone, 
a drier area where product price was double that of 
Bulungu, was 5.2 (Greene 1989). Traditional cassava 
production appears to be profitable in most areas. When 
low rates ( 150 kg) of fertilizer were used, the B/C ratio 
became 0.6 (B)and 0.5 (1)with the subsidy and 0.4 and 
0.3 with no subsidy, respectively, while at high rates of 
fertilization (300kg). the B/C ratios were 1.2 in Band 1.1inlaesinKw(Greenein

inI(Greene 1999 1). 


It appears from these few micro studies that farmers 
would have had to apply the higher rates of fertilizer in 
order to cover the added input costs associated with the 
higher extra production. Unfortunately, fertilizer isgenerally unavailable in most rural areas. 

Constraints 

Research on cassava in Bas Zaire during 1988 identified 
a large number of factors affecting varietal choice by 
farmers such as: 

soil type, e. g., Mpelolon iwas suitable for heavy 
soils, Kinesekele on medium, and Kidamu on sandy 
soils: villages in the study area of the Cataractes 
sub-region had for example on average 6 different 

varieties of cassava including at least one sweet, one 
bitter, and one early maturing (ITA 1988); 

e 	 slope and location of the field; 

a 	water and cyanide content of roots that affected 
quality of by-products; 

attractiveness of leaf coloration affected consump

o 	early flowering which affected leaf pickings forcon
sumption through the year; 

9 	degree of plant branching which influenced spacing 
and weeding; 

9 	 numbers of cuttings produced for planting; 

* 	 age of maturity, i. e., late maturing varieties stored 
better than early in the ground; and, 

e 	degree of sweetness or bitterness which influenced 
the extent of damage from foraging animals and 
insects as well as the type of by-products processed. 

The results of a survey of 100 households in 44 
villages in Kwilu sub-regionof Bandundu region duringf 	anunu egonduin
 
August/Septemler 1988 showed that 45% practiced a 
5-year fallow period, 17% less than 4 years, and 20% a 
7-year period (Adelaki et al. 1989). This is the most 
important cassava producing area of Bandundu. 

A study in Kalobo zone of Kasai East carried out
by [[TA in 1988, ahumid savanna zone, reported fallow 
periods commonly of only 2 to 3 years. Declining soil 
fertility was seen with low plant vigour and poor leaf 
coloration. Other constraints in this aria were infesta
tions of weeds (Imperata cylindrica), cassava mealy 
bug causing wilting of young plants, irregular rainfall, 
and poor soils (IrTA 1088). Even more serious problems 
were uneven land distribution as well as insufficient 
land. This was also reported in Bas Zafre where large 
private and government corporations were said to have 
occupied the best lowlands forcing small holders to 
plant on hillier lands. 

The official exchange rates - Z.Ares per IS d llar (the parallel rates in brackets) were: 1Q82: 5.78 (12.00); 1983: 5.96 (24.00): 1984:
36.34 (35.85i: 1085: 5) 65 (40 20): 1986.57.64 (60.00): 1987: 120.80(142.50): 1Q88: 184.00 (230.00); 1989:397.20(410.00); IS90 
(Dec): 2,00X.() 42.2XM).()): I991 dJuly) 7,30(.) (15,0. 0).i (Shapiro and Tollens 1992). 
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Table 4. Food crop production (000 t) by region in Za're, 1989.
 

Region Cassava Rice/(paddy) Maize Peanuts Beans/peas Plantain Banana Pineapple
 

Kinshasa 520 3 17 9 7 36 4 6 

Bas ZaYre 870 7 25 17 I1 252 61 28 

Bandundu 2,958 24 127 98 16 162 81 20 
Equateur 1,740 58 119 51 12 486 77 13 

Haut Za'ire 1,914 95 135 68 30 324 61 18 

Kivu 2,958 95 118 55 52 396 81 18 

Shaba 2,264 7 127 47 4 54 20 I1 

Kasai Occidental 2.262 24 93 43 24 36 12 14 

Kasai Oriental 1,914 27 85 38 23 54 8 13 

Total 17,400 341 846 425 179 1,800 404 142 

Source. 	Shapiro and Tollens (/992) and Annuaire de Statistiques Agricoles 1986-1989 (1990). Unfortunately, the data 
have to be taken as very' rough estimates only, since local production figures are increased by officials to match 
a 3% annual growth inpopulation in many cases, at least this was the author's personal experience for official 
figures in Bandundu region. 

Table 5.Composition of the average diet, Serious problems affecting agricultural production 
Kinshasa, Zaire, 1986. including cassava have been listed in many studies on 

Zaire and these are well known (see e.g., Thomas and 
Item kg/person/month % Reintsma 1989; World Bank 1988). Some of these 

include the following: 

Starchy foods 5.10 30.0 
Cereal based 2.99 17.7 * unavailability of small tools, chemical fertiliers, and 

insecticides;Vegetables 2.41 14.2 
Alcoholic drinks 1.54 9.0 unavailability and shortage of formal credit for farm

ers or traders in rural areas, e.g., less than 3%of rural 
Fish 1.06 6.3 households surveyed in a study conducted by the 
Oils 0.85 5.0 Department of Agriculture and Ohio State University 
Meats 0.82 4.8 in Bandundu in 1990 had received institutional credit 

Grain legumes 0.51 3.0 (Ohio State University 1990): substantial sums of 
money were however collected by informal associa-Sugar 0.44 2.6 
tions of households and the informal loan sector was 

2.0 	 fourishing:
Spices 0.34 


Soft drinks 0.34 2.0 * degradation of the road network;
 
1.5Fruit t.26 


Milk 0.24 1.4 * underutilization of the rive, network;
 
Nuts 0.04 0.2
 

* rail services essentially limited to one line from 
Total 16.93 I(- Matadi Port in Bas Zaire to Kinshasa, 

Source. Shapiro and Tollens /992. * 	 low and declining purchasing power among rural 
households (D~partmentdeL'Agriculture 1986); the 
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MAPPestimated an average annual net income of US$ 
142 for Bandundu rural households with figures for 
the most productive sub-region of Kwilu showing 
55% of households earning between $30 and $185 
(Dipartmentde L'Agriculture 1989); 

" 	poor supply of consumer items in rural areas: 

" 	lack of transportation in rural areas including trucks, 
bicycles, push carts ,ranimal power; also inadequate 

e l 
with spare parts; one study estimated that 70% of the 
trucks on the roads in 1984 were used inand aroundKinsasaandthaofthee wre ver5 yarsold60Kinshasa and that 60% of these were over 5 years old 

(Smits Eng Africa and STABO 1987); 

" 	 low government investment inthe agricultural sector 
reported as 0.4 to 1.3% of the overall recurrent bud-
get of the government of Zaire in 1990 :Shapiro and 
Tollens 1992); 

* 	 complex taxation of agricultural produce; 

" 	inconsistent government policies such as over valued 
exchange rates, protective tariffs, price liberalization 
policies arid excessive taxation, small versus large 
farms (Block et al. 1987): 

* 	 high rural to urban migration. In 1930 about 96% of 
the population was classified as rural compared to 
60% in the 1984 census (Shapiro and Tollens 1992). 
The urban growth rate has been estimated at 5%/year 
with about 28% of the population concentrated in 
the capital Kinshasa. i.e., i0.3 million (UNDP 1991); 
and, 

" 	environmental constraints. A study of 120 farm 
households in 8 villages in 4 regions in 1986 linked 
declining yields, high dependency ratios due to out-
migration and highly variable fallow periods with the 
need to encourave a shift toward more commercial 
mixed with fallow farming systems, oxev ploughing 
to replace lost manpower and more fertilizer inputs 
to halt the decline in soil fertility and yields (World 
Bank 1986). Shapiro and Tollens (1992) put these 
problems into perspective by stating that the cost of 
opening new areas for production will include the 
destruction of forest and the degradation oif soil re-
sources. The high population growth rate (around 
3%)and high urban growth rates emphasize the need 
toencourage agricultural production to become more 
productive per unit of land and labor. 

Potential production 

Assuming an average yield for cassava of 8.6 t/ha and 
estimated production of 19 million tons in 1992, esti
mated total hectarage would be around 2.2 million ha. 
In spite of all the difficulties of using one average to 
represent production in Za're, a country more than 5 
times the size of France and one with abroad range o 

ecosystems, one can use the modet yield increase sug
gested by the World Bank of 12 t/ha(World Bank 1988)with this hectaage to realise a potential production oi26 million tons for 1992, that is a 37% increase. Or, one 

hihe o 3mli 7ca use rthe figure p5 toincrease overthe 1992 figure to produce 33 million tons. 

If we assume an increase in the national average 

yield of 0.5%/year as suggested by Dorosh (1988), it 
cou'd take 7years to go from 8.6 to 12 t/ha and 13 years 
to reach 15 t/ha. This isan arithmetic calculation based 
on !he original assumption. Given the very real and 
widespread problems existing in rural Zaire as well as 
the recent disruptions to trade and presumably every 
other facet of national life, one would probably be safe 
in assuming that any increase in national average yields 
will be minimal, if any. However we would expect some 
increase in total production to meet increasing popula
tion demand. This would be the production figure pre
viously mentioned of around 24 million tons by 2000. 

A closer analysis needs to done regarding the ex
pected degree of diffusion of chemical fertilizers into 
areas producing a surplus of cassava, i.e., to small 
holders. Current use of fertilizers isconfined primarily 
to commercial corporations producing export crops and 
to government projects. One study by aprivate contrac,
ing firm estimated that in 1985 about 76% of all ferti
lizers imported into Zaire had been used by commercial 

agro-industries (Smits Eng Africa and STABO 1087). In 
1985, the Programme National Engrais (PNE) had im
ported 6,000 t (24%) and private agro-industries 19,4(X) 
t (70c7). This means that the PNE, presumably in charge 
of all imx)rted fertilizers, used their share on such 
projects as the FAO fertilizer project and other govern
'nent projects like Project National Riz, Mas ct Manioc 
(PNE 1987). Gicamines-Dtveloppemenit, a large gov
ernment corporation in Shaba, used about 40% of all 
imported fertilizers on maize production; another large 
consumer was the national railway (SNCF) maize prej
ect. both in Slaba region (Shapiro and Tollens 1992). 
Assuming 5%o1frural householas to be involved in one 
or the other government project (called errcadre), an
other 5% to be classified as small and medium enter
pnses (PMFA) with access to government subsidized 
inputs, the remaining 90%/ of rural farmers have no 
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access to fertilizers. Since cassava is grown by small 
farmers and not by commercial large farmers, where and 
how will any increase in cassava production take place? 

In fact, it will be small farmers who expand the area 
of cassava production where possible to meet a growing 
demand. As mentioned by several authors, the combi-
nation of declining soil fertilitv due to shorter fallow 
periods and high population growth rates on the one 
hand, and high rural urban migration on the other hand, 
will combine to encourage a shift toward more cminer-
cial input use among growers iWorld Bank I989), as
suming of course that the necessary inputs become 
available in the villages and that the crop-to-fertilizer 
price ratio encourages adoption. Perhaps the most im-
portant of these is fertilizer and there are problems of 
availabilitv. A very thorough discussion of these prob-
Iemts was presented by Williams and Schultz ( 1990) 
where they sugge,;t an initial policy of importation of 
fertilizer requirements. The structural adjustment pro-
cram of the government supported by the World Bank 
is aimed at just this problem. Other requirements are 
well known and understood, such as improved market-
ing facilities including the transport system, credit, rel-
evant research, and improvcd extension services (TVA 
1975). Some activity is taking place in each of these 
areas but generally of a very limited nature. Farmers 
were responding to higher maize prices in the Kongolo 
rural road project area of',"orth Shaba and to rice market 
liberalization policies around Kisaneani town in Haut 
Zafre. Traders were eenerally facins severe tuel and 
credit problems (Thomas and Reintsma 1989). 

Consumption 

In a preliminary assessment of food needs for ZaYre 
carried out by the United States Agency for Interna-
tional Development WISAID) in 1990, the only major 
food crop for which there was no deficit was cassava 
iSAID 1990). In any case, the average national daily 

calorie consamption for Zaire is 2.163 which is about 
the same as that of other Sub-Saharan countries (Sha-
piro and 'ollens 1992). The National Nut 'tion Plan-
ning Center reported that cassava provided 7 1 of the 
theoretical requirement ofcahories and only I 8% of the 
proteins When mixed with maiie and peanuts. as In 
Zaire. these figures went up to 38,and 42%. respec-
tivekl lhplirrtt\itdr lI.Aer\ulture I98X9c. A serious 
problem theretore exists with proteins. Foods that are 
coinne,)n in the natiomal diet are common to Africa 
STahles 4 and 5j. Strom: indications of rnalnutrinmi 
were found in one surve, carried out by the ISAID with 
the School of"Public Health in Bandundu releion as seen 

by high prevalence of low birth weights and severe 
levels of malnutrition among children registered in pre
school clinics (ZaYre School of Public Health 1989). In 
a study comparing two different areas in a humid eco
system in Nigeria, Nweke et al. (1988) suggested that 
children in those areas where 70% of the daily diet 
consisted of cassava were more likely to suffer from 
severe malnutrition, particularly in the dry season when 
there was ashortage of vegetables and other foods, than 
in those areas where the staple was yam. A similar 
situation would appear to be the norm in Zaire. 

Fresh roots from sweet varieties can be eaten raw 
or boiled while roots from bitter varieties are fermented 
for a few days and then processed into a variety of forms 
including pat, a wet paste, a heavy solid paste called 
chikwangue, or solar-dried to produce cossettes or hard 
chunks. The latter form, easily stored and marketed, can 
then be ground into flour to make a poiridge called 
foufou. The protein content of chikwangue is four times 
that of the fresh tubers and twice that of the flour while 
its lipid content isfive times that of the tuber and double 
that of the flour. In the MAPP in Bandundu region, 67% 
of households cultivated sweetcassava mainly forhome 
consumption but production was only 5% of the amount 
of bitter varieties produced mainly to make cassettes 
(D~partmentde L'Agriculture 1989c). 

Regional ancA Urban 

The relative importance of cassava iii relation to other 
foods can be seen by looking at estimates of production 

per region. The importance of other foods varies by 
local climatic conditions, by region (Table 4) and by 
season but in general terms, the most commonly avai
lable other foods consumed with cassava would be rice. 
maize, groundnuts, beans and peas, plantain and other 
bananas, yam, pumpkins and gourds, and a variety of 
local fruits such as avocado, pomme rouge, citrus, pine
apple, mango, coconut, and oil palm products. Meat aed 
fish corciumption vary by location. 

Estimates of annual consumption of cassava cos
setes per person varied from a low of 32 kg in Shaba, a 
major maize growing area, to 120 kg in Bandundu 
regon (Table 6). Estimates for urban centers varied 
from a low of 24 Ikgin Lubumabashi, Shaba, to 144 kg 
in Bandundu town and 152 kg in Bukavu, Kivu 
(TE/Cogepar 1987). The )epartment of Agriculture 
has carried out a survey of consumption as part of a 
broad survey for each region based on consumption 
estimates for seven days (for example, see Dipartmient 
de LAgriculture 1987). Unfortunately, these results 
were not available to the author. 
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Ethnic group 

A detailed study was made by Houvoux in 1986 and 
quoted in one of the reports of the MAPP as follows: 
group I(non-European Foreigners) 5.6 kg/month; group 
2 (Bakongo mainly Bas Zaire) 4.4; group 3 (Bandundu 
and lower Kasai) 6, group 4 (Equateur) 4.3: and group 
5 (E. Zaire and Shaba) 3.4 kg/month (De;partmnent de 
S'Agriculture 1989. This apparently refers to the 

amount of cassava flour per person per month for resi
dents of Kinshasa. The actual percentage distribution 
of these different consumer groups was made in 1975 
wkhen the populationof Kinshasawasaround 1.5 million 
hut has not heen made since then. The average con-
,Umption of cossettes was estimated by the MAPP in 
Bandundu as 222 kg of tubers/person/vear which was 
equivalent to 60 kg of flour per year or about 5 kg of 
flour per month (I ke fresh roots = (.27 kg flour; 
DIepartment d' L'Agriculturc 1989a). These figures 
were based on estimates of annual production. No men-
tion was made of using cassava to make local beer 
which could explain some of the difference. One would 
expect rural consumption to be greater than urban. 

Revenue 

As expected, the income elasticity of demand for cas-
ava fecalants) was very low and estimated to be 

around0.10byHouvouxin 1986 (quoted in Ddpartnent 
de L'Agriculture 1989). Estimates of consumption by 
income group in Kinshasa were available only for 1970 

and reported as: 66-100 kg/person/year for low in
comes, 114-130 for medium, and 136-91 for high in
come groups. Negative income elasticities of demand 
appeared with higher incomes. The actual range of in
comes was not reported and the figures presumably refer 
to flour consumption (Ddpartwnt de L'Agriculture 
1986). 

Trends 

An excellent discussion of factors influencing cassava 
consumption in general is fouiLd in Dorosh (1988). 
Population growth is naturally important but also the 
level of urbanization in turn affecting the form of cas
sava demanded in terms of ease of storage and process
ing. Some shifting of consumer habits occurs as 
incomes rise in urban areas, as we have seen with the 
low to negative income elasticity of demand. However, 
the majority of the urban population in ZaYre. i.e., low 
income groups, continue and will continue to depend on 
cassava products as their staple food as long as supplies 
can be transported into urban areas. The response of' 
consumers to a rise in price of cassava products, the 
price elasticity of demand, is minimal due to this fact. 
The relative price of other available staple foods such 
as maize, rice, and bread also affect urban cassava 
consumption to some extent depending on the income 
and ethnic composition of the group and hence their 
consumption habits. Ne\ technology using gums to 
replace wheat gluten allows the production of a gond 
cassava flour bread (New Scientist 1988). A lot of work 

Table 6. Regional and urban consumption (kg/year) of cassava cossettes in Zaire, 1986/87 

Region Per capita City Per capita 

Kinshasa 81 Kinshasa 60 
Bas Zaire 64 Matadi 55 
Bandundu 120 Bandundu 144 

Kikwit 124 
Equateur 113 Mbandaka 112 
Kasai Occidental 56 
Htaut Zafre 64 Kananga 125 
Kivu 48 Kisangani 116 
Shaba 32 Bukavu 152 

Lubumbashi 24 
Kolwezi 34 

Source: Regional estimates (W;partmentde L'Agriculture I086, November: urban estimates (ZTFlCogepar 1987:figures 
.0r all feculants includiiq cassava). 
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has also been done on using cassava flour in bread by 
IITA. This should encourage greater use of cassava flour 
in local bread production. for example. On the other 
hand, energy supplied by cereal imports was estimated 
to provide only 8% of the energy supplied by local 
cassava in Zaire in 1979/81 (Dorosh 1988). This level 
can vary ,vhenever there is a change in the ease with 
which marketing into Kinshasa takes place. 

Tshikala and Lumpungu (1989) estimated a slow 
decline in cassava tuber (meaning actually the pro-
cessed flour) and leaf consumption of 0.2 to 0.4% per 
year over the period 1971 to 1984 based on national 
production statistics. Using these trends, a supply and 
demand balance was estimated to give a surplus of 
124,000 t cereal equivalent in the year 2000. This in turn 
would increase the possibility of shifting consumption 
to other by-products and industrial raw materials, such 
as an ingrcdient in animal feeds, or to produce fructose 
syrup or sugar to save on direct foreign exchange costs 
of imported refined sugar and to make industrial starch 
which can be done at the village level tDorosh 1988). 
The study by Houvoux quoted in the MAPP estimated a 
decline in cassava consumption (fresh roots and 
chikwanc,rnot cossettes) from 67% of the staple food 
diet for Kinshasa residents in 1969 to 58% in 1986 or a 
decline of aNu, 511, per year over the period 1975 to 
1986. This decline was matched by an increase in the 
importance of other foods in the urban diet such as from 
7% to 13% for rice (which requires n; milling by the 
household), 3%to 4( for maize, 15% to 20% for bread, 
and 3% to 57- for plantain (Dtpartment de 
L'Agriculture 1989). The deficit in national production 
tofrice and maize is particularly noticeable in urban 
areas where an over-valued exchange rate and an imporl 
policy has been used to try to fill this cap). 1!he estimated 

alue of imported food items was liSS 1,350 million in 
1987 with meats, fish, and sugar naking up 9()% of the 
total, and wheat gram and lour o69% (Greene 1989,. 

If the transport retwork were to he improved, one 
would expect the potential marketed surplus of cassava 
cossette. to increase therebv encouraging ashift to hical 
processing as previously mentioned, The increase in 
surplu, xould alko depend m availability (finputs at 
the farm and village level and the extent of household 
motivation and adoption (,fthese inputs, 

Marketing 

As vie have aiready seen, there are many forms of 
cassava used for consumption. The fresh roots spoil 
within days and are therefore usually consumed locally. 

The roots are generally partially fermented by soaking 
in water over a number of days and then used to make 
a number of by-products such as wet paste, dry firm 
chikwangue, and for storage and marketing solar-dried 
roots or cossettes. The latter can then be ground into 
flour which is used to make a sticky porridge called 

foufou. Chikwangue can be saved for about a week 
while the cossettes last over many months. 

Cossetes are transported or stored in sacks weigh
ing around 75 kg, depending on the area. Traders gen
erally bring sacks 1tto a village and these are filled by 
selected families. Households transport roots into the 
village from fields by hand power since there are no 
other means of transport available for the majority of 
households. Bicycles are not common due to their high 
cost. In some cases, households will use a bicycle to 
support a sack which they then push into town from 
nearby fields. Most carry loads on their back using a 
head strap as in Nepal. Sacks are also filled and sold by 
the road or river side. Marketing in bulk therefore 
depends on available transport and a marketing system 
that includes aroad or river or rail network. 

Percentage marketed 

The quantity marketed will depend to agreat extent on 
location with regard to the transport network and the 
quality of transport. Thus, the majority of cossettes 
marketed in Kinshasa are collected from villages in the 
surrounding areas of Bas Zaire (a rail line and one 
macadamed road into Kinshasa) and Bandundu (one 
main all weather but very rough road from Kikwit into 
Kinshasa). One study in 1984 surveyed the volume of 
foods flowing into Kinshasa from 13 major producing 
zones in Bas Zafre and 19 in Bandundu, plus on the 
rivers (two major rivers). Excluding imported foods 
(386,584 t, tonnage by road was double that of the river 
(251,530 t compared to 121,042), and over three times 
that by train from Bas Zafre (74,954 t). Cassava tonnage 
made up 32% of the total in 1984. There had been a 
decrease of 13% in the tonnage of cassava brought in 
from Bas Zaire and an increase of 103% in that brought 
in from Bandundu over the period 1974 to 1984 due to 
the extension of the asphalted road from Kenge to 
Kikwit, about 200-400 km (Flouriot 1986). This study 
reports the estimated volumes of major food crops 
shipped from each zone and each port. The striking fact 
is how much more produce was transported by a very 
limited road system :s compared to that by the very 
large river network. 

Very detailed studies on the marketing of agricul
tural products into Kinshasa from surrounding regions 
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have been made. One such study included detailed maps 
and exha s'ive analyses and descriptions of population, 
administration, economic factors, production, infra
structure, farming operations, marketing circuits, and 
prices at all levels from 1959 to 1980, price and other 
agricultural policies tD~partmnent de L'Agriculture 
1982). This study remarked that the main factor that had 
prevented afamine taking place in Kinshasa. due to the 
very rapid increase in urban population (a growth in 
population of 70% between 1974 and 1984 was re-
ported), had been the uncontrolled operation of ;mall 
retail traders all linked bv family, clan, and ethnic group 
which had led to margins between wholesalers, semi-
wholesalers, and retailers. This added value generates 
income for each inuividt.al involved even if a small 
amount. 

The most detailed study' on the production and 
marketing of cassava was carried out under the MAPP 
by the Department of Agriculture and the University of
Lou;i beweparenOtober eAgri teUniverst 9fLouvain between October 1987 andand September 198 

with asample of 1.305 households in Bandundu region. 
Some of the average results were: 

* 	 51% of production was consumed (about 2 million 
tons): 

* 	 46% of production was marketed (1.842 million 
tons), 

* 	 7%of production was wasted (0.273 million tons); 
and, 

* 	4% of production was bought (0.169 million tons)
(D partentdeL'Agricuture 1989cJ. 

This same study reported that: 

e 	99.5% of households cultivated cassava; 

e 	92% of households marketed some cassava

e 	65% 1of households sold to traders coming from 
Kinshasa; 

a 	 83% of the total value of cassava sold was from 
cossettes: 

S8% off households bought some cassava; 

* 	 on average households made asale once every week 
over the whole year regardless of the seasom: 

e 	 92% ofhouseholds sold theircassava within amonth 
of lifting it from the field; and, 

e 	25% of households sold 50% of total sales. 

In sum, households used the sale of cassava, pri
marily as cossettes, to stabilize their income over the 
year. Most storage was done by leaving the crop in the 
ground. Sales actually went up during the rainy seaon, 
in spite of drying problems and subsequent higher 
losses, mainly due to higher farmgate prices. For this 
sample as awhole, the majority of production was sold 
as cossettes (88% average, with 97% in Kwilu and 93% 
in Kwango sub-regions, )th favourably situated to dirt 
roads and having a good climate); some as wet paste 
(5%average with 23% in Mai-Ndombe sub-region, an 

area seperated from the road network by a river);
chikwangue (4%' average and 14% in Mai-Ndombe);

anfe (% r anf4% i Aiu4do 
and, fresh rts (1%)or as lour (1%). About 46% of
production was marketed and very little stored by thehousehold. 

In a report produced in 1981, it was estimated that 

only 6.5% of total cassava produced in ZaiYre was actu
all' marketed (Dipartieritde L'Agriculture 1986, 
janvier). Another study estimated 7.79 (D~parrmenr de 
L'Agriculturc 1988, avril). This was low when com
pared to estimatcs of 29% of total maize production 
marketed and 30% of total rice production. 

Income 

In the MAPP in Bandundu, annual income from the sale 
of three main food crops was, estimated. Sale ofcassava
earned 71% of this total compared to 15% for peanuts,
and 14% for maize. A large number of households 

surveyed (41%( earned less than 10,000 Zares/year(US$ 50) from the sale of cassava, 45c earned between 

US$ 50 and 152. ad only 15%, earned more than 30,X)0
Za'res/year (US$ 152: USS I = 197 Zaires, average 

figure for 1988: World Bank 19X,. 

Margins 

The MAPP in Bandundu estimated a margin of 44% for 
the wholesaler in Kinshasa and a further 31% margin 
for retailers price to farmer was 13 71kg, wholesale 
price was 35.1 7kg and the retail price was 5 17Jkg on 
average during 1988). Thus the farmers were getting 
about 254 of' the final sale price ot cassav't (ossttc.% 
(D!;partment de L' A%ricuhrure 1989h. 

Data collected by the Division of Prices (DMPCC( 
in the Department of Agriculture based on the averages 
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Table 19 and Figure 14 show the duration of what d'lvoire, Ghana, and Uganda to be sundried for a 

is effectively fermentation through sundrying for air- longer period than those iiiNigeria23 and, to a lesser 

fermented flours. The tendency is for flours in C6te extent, Tanzania. In 21 cases out of 44, however, 

Table 17. Drying times for soaked and unsoaked flours (days). 

1-2 3-5 6-10 II + Total 
Days n1 . n C/C n % n % 

II 50 31 87 54 6 4 161 100
Soaked 18 

43 0 0 82 10MUnsoaked 22 27 25 	 30 35 

Table 18. Dewatering/fermentation duration-roasted granules (days). 

3-5 6-10 II + Total1-2 
--Country 

n % n % 

14 0 0 7 100 
n 	 n n 

CCte dlvoire 3 43 3 	 43 1 


74 4 21 1) 0 19 100
Ghana I 5 14 


Western Nigeria 4 22 13 72 I 6 0 0 18 1(0)
 

0 23 100
Eastern Nigeria 13 57 10 	 43 0 0 0 


Figure 13. Duration of fermentation in sacks or baskets for roasted granules. 
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21Only I instance of air-fermented flour occurs in Western Nigeria. 
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Table 19. Duration of sun-drying-air fermented flours (days). 

Country - n 
1-2 

% 
3-5 

_______ 
n % 

6-10 
_______ 

n % 

II + 
_______ 

n % 

Total 
_______ 

n 

CMte d'lvoire 0 0 3 27 11 73 0 0 15 100 

Ghana 0 2 10 19 90 0 0 21 100 

Nigeria 3 23 8 62 2 15 0 0 13 100 

Tanzania 10 22 17 37 19 41 0 0 46 100 

Uganda I 3 13 36 22 61 0 0 36 100 

Zaire I 50 I 50 0 0 0 0 2 100 

Figure 14. Duration of sun-drying for air-fermented flours. 
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Tanzanian households also fermented their flours in From Table 20 and Figure 15 it is evident that the 
heaps. 24  majority of starches, pastes, roasted granules, and 

steamed granules take from I to 5 days to "ferment". 
Although the warning at the beginning of this sec- The majority of flours take 6 to 10 days to ferment, with 

tion was that different types of fermentation are not over 10% taking II or over. 
directly comparable, it is instructive to analyze the total 
durations of the "fermentation" stages, if only to com- Table 21, and Figures 16 and 17, elaborate on Table 
pare the time taken to produce the various products. 20, examining durations of fermentation on flours. 

24There is a perception in some quarters that high cyanogen content in processed bitter cassava may be related to short "fermenting" 
duration. par'icularly for sundried products. There are many provisos to this view, not least of which is the question of the true 
relationship between drying time and cyanogen content, plus the question of exactly how the flours in question are stored and cooked. 

/

/~ 
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Table 20. Duration of total fermentation-by product (days).
 
1-2 3-5 6-10 II + Total
Products 

n n % n % n % n %
 
Cooked roots 10 83 
 I 8 I 8 0 0 12 100
 
Roasted granules 22 32 40 59 6 9 0 
 0 68 1W
 
Steamed granules 12 43 
 13 46 3 11 0 0 28 100
 
Flours II 4 70 27 152 58 30 II 
 263 100 

(acid-fermented) 3 3 21 19 65 60 20 I8 109 100
 
(air-fermented1 6 
 4 47 32 84 i8 9 6 146 100
 
:ermented pastes 3 5 48 73 14 21 
 1 2 66 100
 

Beers 0 
 0 2 40 2 40 I 20 5 10 
Sedimented starch 10 43 12 52 0 0 I 4 23 i00 

Figure 15. Duration of total fermentation by product. 
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Again it is manifest that, comparing Eastern Nigeria Starter cultures were used in 66 cases, 54 of which 
with the rest of Western Africa, less time is spent fer- were in C6te d'lvoir",. Given the much reduced dewater
menting in Eastern Nigeria. 25  ing time for steamed granules (which tend to use starter 

- Eastern Nigeria is the only area where no products are fermented for longer than ten days. 

,/ "(,
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Table 21. Duration of total flour fermentation-by country (days). 
1-2 3-5 6-10 11 + Total 

CounLr__ 
n J n r I% n r 

C6te dlvoirc () 0 4 22 12 67 2 II 18 100 

Ghana 0 0 2 8 22 85 2 9 26 100 

Western Niveria I 6 8 47 4 24 4 24 17 100 

Eastern Nigeria 5 14 13 37 17 49 0 0 35 100 

Tanzania 4 7 21 36 27 47 6 10 58 100 

Uganda 0 0 15 32 23 49 9 19 47 100 

Zafre I 2 7 I1 47 76 7 II 62 100 

Figure 16. Duration of total fermentation by country in West Africa. 
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cultures) it would have been logical to compare the 
drying times for those which had and those 
which had not used starter cultures. Unfortunately, there 
are only eight instances where products which use 
starter cultures have accompanying records showing the 
duration of drying: and of those, 2 were beers. O the 
remaining six products (all flours) two were dried for 
one day, one for three days and three for seven days. 
With such a small sample it is not appropriate to make 
any inferences from the data. 

Conclusion 

Using DBase programming techniques, it has been pos
sible to distinguish eight discrete cassava product 
categories. Using these categories the processing of 
cassava products in the six COSCA countries has been 
characterized. 

The most common product encountered during the 
first phase of COSCA was "flour" (acomposite category 
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Figure 17. Duration of total fermentation by country in East Africa. 
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of flour and dried pieces), which amounted to almost 
half of all products. Cooked roots accounted for another 
17%/and roasted granules a further Il-. 

On a regional basis, West African countries tend 

consistently to produce a wide variety of products in-
cluding cooked roots. granules, lours, pastes, and sedi-
mented starches. Eastern and Central African countries, 
(n the other hand, showed much more of an accent on 
flours, with relatvelv few pastes and starches and only 
one occurrence oi granules. 

Cassava products exhibit a certain degree of 
seasonality, most often around the months ofJune, July, 
and August. Alternate seasonal effects are discernible in 
the production of flours in Eastern Nigeria and Tanzania 
and roasted granules in Western Nigeria. The question 
why such seasonality should be encountered is one 
which cannot be ;,nswerzd from the information avail-
able in the phase I database. Nevertheless, the verified 
existence of s'asonal effects on production has er-
couraged the adoption of questions for the third phase 
O'COSCA which will allow some conclusions to be 
arrived at in explaining seasonality. 

In common with the seasonality data, it proved 
difficult to apply some of'the COSCA hypotheses con-

cerning cassava processing to the phase I database. 
Attempts to test the gender hypothesis suggest that no 
relationship exists between the degree of commer
cialization and the gender of the processor. 

Data from phase I confirms the view that African 
cassava processing isdominated by women. Where men 
took part in any significant numbers, there was a ten
dencv fir this to involve the use of machines. Thus, the 
introduction of machinery may have reduced the 
drudgery of some of the women's tasks, but the control 
of' this machinery is not riecessaiily in their hands. 

The West African states possess the most 
mechanized processing systems, although C6te d'Ivoire 
villages make little use of mills and graters. Tanzanian 
villages employ fewer mi;!s than those in Uganda, but 
neither country employs graters or screw presses. This 
can be explained by the low technology requirements 
lOr the processing of flours, which represent the greater 
part of' processed cassava output in these countries. 
Zairean villages made no use of machinery in the 
manufacture of cassava products. 

The processing of cassava is marked by variations 
in the length of fermentation and proce;sing techniques. 
While direct comparison across the complete database 
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isnot possible, due to the technical connotations of dif-
ferent fermentation techniques; there are some clear 
differences in fermentation, -ategies between countries 
and between products. The production of steamed 
granules in Cte d'lvoire contrasts with that of roasted 
granules in Nigeria through the shorter diration of 
fermentation in CC te d'lvoire. This max' be explained 
by the prevalent utilization of "tarter cultur-s" in CCmte 
d'Ivoire. 

Similar variations can be detected in the relatively 
short duration of fermentation of roasted granules in 
Eastern Nigeria and of flours in CC'te d'Ivoir'.. Ghana, 
and Uganda. Taking the somewhat artificial figure for 
duration of total "fermentation' 26 . flours require the 
longest interval, whilst roasted and steamed granules 
and sedimented starches require the shortest. 

2h A%explained above in the sub-section entitled "Duration of Fermentation Stages". 
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Appendix 1. Product definitions. 	 Appendix 2. Processing codes 

Eight discrete product types 
taxonomic processing steps: 

Product Type 
irevsed product or new codes) 

Cooked fresh roots (h1000) 

Roasted granules (2000) 

Steamed granules (3000) 

Flours/D Pieces (4000) 

Fermented pastes (5000) 

600 no class 


Leaves (7000) 


Drinks (8000) 


Sedimented starches (9000) 


Unclassified (09991 


were distinguished by the followed 

Taxonomic processing steps 
(sub-process codes) 

Don't sediment 10). roast (II). fry I107 
sun dry)( 12), granulate (28).smoke (29). 

or ferment (30. 31. 32. 33. 03 for more 
than one day). Do boil 15) or wash ((I) 
or peel (02). 

Don't sediment. Do grate (05),mill (06) 
or pound (07). THEN ferment in sicks 
(31) 	 or 31 ),TIHEN sieve 0 1.THlEN roast 
I).I or fry (13). 

Don't sediment. roast or in-. Do grate. 
mill or pound. TIIEN. ferment in sacks. 
T.HEN granulate (2,or sieve. TIHEN boil 
or steam (27). 

Don't sediment or steam. Don't roast or 
fry unless this is combined with blending 
with other staples (19). )o sun dr\. 
smoke or start with flour 140). 

Don't roast, sun dry. fry. brew (20), dis-
till (22), granulate, smoke or sediment 
(unless performed incombination with 
soaking). Do ferment. THEN, grate. mill, 
pound or sieve. 

Do start with leaves (50). 

Do brew or distill. 

Don't soak (03). Do sediment. 

Any product left unclassified by the 
above steps. 

01 washing 

02 peeling
 
3soaking
 

04 slicing 
05 grating 

06 milling 
pounding 

09 sieving 
10 sedimenting 

II roa'.ting 
12 sun-drying 
13 fring 

4 wrapping 

15 boiling 

l6 molding/shaping 
17 spnnkling with water 

18 scraping 

10 blending with other staples 
20 brewing (beers and soft drinks) 

21 making paste 
22 distilling 

25 adding a starter culture or inoculum 
26 blending with spices. flavorings. 

colorings, salt 
1 steaming 

-

28 granulation (using cu-ved board or 
bowl) 

29 smoking 

30 fermentation in sacks or baskets/ 
dewatering for less than one day 

31 fermentation in sacks or baskets/ 
dewatering for one day or more 

32 fermentation in water for one day 
or more 

40 start with cassava flour 

50 start with cassava leaves 
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Seasonality of Cassava Processing in Africa 

and Tests of Hypotheses' 

B. 0. Ugwu and P.Ay2 

Abstract 

One of the major advantages of cassava is the variety of uses to which the roots can be put. This study 
begins with a brief description of the different types of processed products that can be made from cassava 
drawing on the results of detailed surveys carried out in six different countries carried out as part of the 
Collaborative Study of Cassava in Africa (COSCA) project. Subsequently, the paper tests a series of 
hypotheses related to cassava processing including the role of gender, the degree of mechanization as well 
as the relationship between cyanide in cassava varieties, and the making of fermented and unfermented 
flours. The results indicate that women, and to a lesser extend child;-!n, perform most of the processing 
operations. As population density increases, cassava processing becomes more mechanized. A significant 
relationship was found between the proportion of low to high cyanide varieties and the presence or absence 
of fermented flour making. 

Key words: agro-ecology, population density, gender, products, fermentation. 

Introduction 

Cassava (Manihot esculenta Crantz) was introduced to 
West and Central Africa from South America by the 
Portuguese more than 400 years ago. It is now grown 
throughout Sub-Saharan Africa3 and is considered 
second in imlortance to maize as a human staple, ac-
counting for more than 200 calories per day per person 
(IFTA 198 ). Estimates show that about 160 million 
people or 40, of the population of Sub-Saharan Africa 
consume cassava as a staple food (Nweke et al. 1988). 

One of the major advantages which cassava has 
over other carbohydrate/starch crops is the variety of 
uses to which the roots can be put. In addition to being 
a major staple food for humans, it also has excellent 
potential as livestock feed (Best I 987) and in the textile, 

plywood, paper, and pharmaceutical industries. One 

major constraint, however, when dealing with cassava 
is that it is a highly perishable crop. Although mature 
cassava can be stored in he ground for up to six months 
or longer, once harvested, cassava deteriorates rapidly. 
The fresh roots must be transformed into more stable 
products within two or diree days from harvest. This 
transformation requires vaijous combinations of tech
nology-peeling, grating, boiling, fermenting, drying, 
frying, and milling. A second constraint in utilizing 
cassava involves reducing the toxic levels of 

cyanogenic glucoside (linamarin and lotaustralin) 
found in cassava (Cooke 1982, Hahn 1987, Oke 1982). 

The objective of this study4 is to examine the 
seasonality of cassava processing, as well as the gender 
role in cassava processing, the degree of mechanized 

I CollIahoraiivt Study of Cas ava in Africa (COSCA) Working Paper N" 6. reprinted here with permission of the authors and Felix I. 
Nweke. Project Leader 

2 	National Research Coordinator, Nigeria. COSCA project, and Sociologist. c/o International Institute of Tropical Agriculture (IITA), 
P.M.B1 9320. lbadan. Nigeria. 

See COSCA Working Paper N"5 for amap of the agroccological zones of cassava production in Africa, (Fresco 1991). 
4 The Collahorative Study of Cassava in Africa (COSCA) is being conducted in three phases; this study is part of phase one, which had 
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Table 1.Distribution of survey vil!ages by country and climate zone.a 

CountrN, 
Lowland 

humid 
Highland 

humid 
Lowland 
semi-hot 

Lowland 
continental 

Lowland 
semi-arid Total 

Chte d'ivoire 27 0 8 2 0 37 
Ghana 17 0 9 0 0 26 
Nigeria 20 0 41 2 2 65 
Ta'nz.nia 3 0 13 0 5 21 
Uganda 20 12 0 0 0 32 
Zaire 27 0 7 2 0 36 

Tetal N' of villages 114 12 78 6 7 217 

The climate zones for this study were classified in Cosca Working Paper N*2. 

processing and the relationship between the proportion 
of low and high cyanide varieties and fermented and 
unfermented flours. Added to the end of this report are 
two appendices: Appendix I is a classification of the 
different ca:ssava processing steps; Appendix 2 is a list 
of more than 80 different cassava products found in the 
COSCA study countries. 

Guiding hypotheses 
The following hypotheses were tested. 

@ Gender role in cassava processing tends to change as 
processing becomes more mechanized. 

* 	Women's role in cassava processing is greater with 
increasing commercialization ofcassava production. 

* 	 As more cassava is produced for sale than for home 
consumption, processing becomes more mechanized. 

e 	 As population density increases, cassava processing
becomes more mechanized. 

* 	The more accessible the product-producing areas to 
the market the greater the degree of mechanized 
processing. 

* 	 The period of fermentation is decreasing in areas 
where cassava processing ismechanized. 

a The period of fermentation is decreasing in areas 
with good access to market. 

e 	 Flours from unfermented cassava are associated 
more with areas growing sweet than bitter varieties. 

Study area 

The majority of the villages in the survey were in the 
lowland humid tropics (53%) and lowland semi-hot 

(36%) ecologies, although five climate zones were rep
resented (Table I). The number of villages is almost 
evenly distributed between high and low population 
density areas, while access to roads is slightly skewed 
to the good side (Table 2). 

The Seasonality of Cassava 
Production 
On aglobal basis, millions of hectares of land are today 
occupied by standing, mature cassava (Onwueme 
1978). Unlike other crops, cassava cannot be harvested 
all at once, because the roots cannot be stored for more
than two or three days without rapid deterioration. Other 
estimates indicate that about 20% of the cassava hec

tarage is used for root storage (Phillips 1974). This 
scenario suggests that cassava is harvested in small 
sections, based on what the farmer needs for home 
consumption. However, if the cassava issold to proces
sors, then large quantities may be harvested. 

Table 2. Percentage distribution of survey villages 
by population density and road access by 

country. 

Population Road access 
high low good bad 

C6te d'Ivoire 0 100 63 37 
Ghana 65 35 58 42 
Nigeria 83 17 66 34 
Tanzaaia 33 67 48 52 
Uganda 81 19 69 31 
Zaire 8 92 28 72 

Total 49 51 57 43 

194 



Being a major staple food and ahighly perishable 
crop, cassava is, generally, harvested all year round. 
Likewise, cassava processing continues throughout the 
year, however, the intensity of processing activities, 
however, depends on the availability of other crops. 

Peakprocessingmonths. Processing trends appear fair-
ly similar in all the climatic zones-with peak periods 
occurring more frequently between May and September 
(Fig. 1-4). The exception to this observation is flours in 
the lowland semi-hot zones and cooked roots in the 
highland humid zone. The peak processing periods cor
respond almost entirely with the hungry months in the 

study areas, which occur mainly between March and 
September in the high population density areas, and 
April to September in the low density areas (Table 3). 

The second peak occurs between December and 
January, when processors, especially in West Africa, 
take advantage of favorable drying conditions, to 
process and store flour. The bulk of these products are 
consumed at a later date, however, because of the 
availability of other food staples, such as yams and 
grains, during this period. 

Month 

January 

February 
March 
April 

May 
June 
July 

August 

September 
October 

November 
December 

Table 3. Frequency distribution of survey villages 
by hungry months and by population 
density, Africa, 1989/1990. 

Population density 
high low 

14 12 

16 16 
30 19 
48 26 

51 35 

53 50 
41 49 

24 31I 

19 25 
10 24 

8 21 
9 13 

Figure 1. Frequency distribution of monthly production peaks for cassava product types in the lowland 
humid climate zone. 
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Figure 2. Frequency distribution of monthly production peaks for cassava product types in the lowland 
semi-hot climate zone. 
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Figure 3. Frequency distribution of monthly production peaks for cassava flours and roasted granules in 
the lowland semi-arid climate zone. 
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Figure 4. Frequency distribution of monthly production peaks for flours and cooked roots in the highland
 
humid climate zone.
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Production peaks for products. Production peaks for end of this report for alist of the 80 food items recorded 
various products were evaluated for areas with low and during Phase I of the survey). 
high population densities (Fig. 5and 6). The processing 
peaks ollow a similar trend in both the high and low In order to distinguish the different product types 
density areas. The frequency of peaks inthe high density and processing techniques, the cassava products were 
areas appears quite uniform for all processed products, divided into subgroups based on the minimum number 
except flours, which generally peak during the month of processing steps by which a product type could be 
of July.This trend probably indicates that cassava plays identified. Nine different categories emerged. The first 
amore important rele as ahousehold food security crop six include food items made from the roots, while the 
in the high density than in the low density areas. The remaining three categories include drinks made with 
first peak for flour production occurs in January, and a cassava components, food made from the leaves and 
second peak occurs in July. medicines. 

0 cooked fresh roots 
Cassava Products and e cassava flours: fermented and unfermented 
Postharvest Processing Activities egranulated roasted cassava (gari) 

There is probably no other agricultural crop for which * granulated cooked cassava (attieke, kivosai) 
a similar range of postharves, proces-ing activities ex
ists as forcassava Women use awide range of process- e fermented pastes 
ing techniques in order to transform fresh roots into e sedimented starches 
fxds and storable/marketable cassava products. As 
would be expected, there is some overlap in the clas- * drinks (with cassava components)
sification where different i mes are used to describe the * leaves (cooked as vegetable) 
same product and also where similar or identical names 
are used lr different products. (See Appendix 2 at the * medicines. 
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70 

Figure 5. 	Frequency distribution of monthly production peaks for cassava product types in low density 
areas. 
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Figure 6. 	Frequency distribution of monthly production peaks for cassava product types in high density 
areas. 

100 - Flours
 

u Roasted granules
 
-0-- Cooked roots
 

80 -a- Fermented pastes
--A- Steamed granules 

60 --	 . 

60
 
6 40
 
z 

O 	 -A A A A- N # 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

20 

198 



Food Types Prepared fromCassava in te Six COSCA Study 
Counties 

Cooked Fresh Roots 

i. Roasted cassava. The simplest way of preparing 
fresh cassava roots is roasting whole roots of sweet 
cassava varieties in the coals of burnt-down fires. 
Roasted cassava roots are often prepared and eaten by 
farmers during field work. When the root is cooked, the 
burnt peel is scraped off and the white steamed inner 
part of the roots is eaten alone or with palm oil or stew. 
Even in areas where bitter cassava varieties dominate, 
farmers plant at least some stands of sweet varieties for 
food during farm operations. The taste of roasted cas-
sava is influenced by the length of time the roots remain 
in the ground before harvesting, and the variety of sweet 
cassava used. Roasted cassava is rarely made in the 
compound, as other methods of preparation are avail-
able. 

ii. Boiled cassava. The roots frcm low cyanide 
varieties may be boiled fresh afterpeeling, washing, and 

cutting into small pieces. The pieces are usually sub-
merged in boiling water and not steamed as isoften done 
with yam or sweetpotatoes. Boiling in large quantities 

of water reduces or eliminates the small quantity of 

cyanide which is also present in the fresh roots of sweet 
varieties. Boiled cassava is eaten like boiled yam orboiled potatoes with stews or vegetable soups. Certain 

boildith ptatestew orvegtabl sops.Cerain 
starchy varieties are also pounded and eaten like yam. 

iii. Soakedboiled cassava(abacha).Another variation 

of boiled cassava can also serve as a storage technique, 

and is known as wet abacha in Eastern Nigeria. After 

the peeled cassava has been boiled, the water is poured 

off and the boiled pieces are covered in cold water and 

kept in a cool place. Abacha is eaten as apart of the mainmeal. By changing the water every day, the boiled 
casavy cangingstored fwter ee dayse beoe 
cassava can be stored for two to three days before 

Cassava Flours 

Cassava flours are the most widely spread food product 
made from cassava in Africa and are processed in a 
variety of ways. In the COSCA study countries a large 
numberof methods were observed, butcertain steps i.e., 
drying and milling are essential. Drying is either done 
in the sun or over low fires, and milling is done by 
manual pounding or grinding or by mechanical mills. 

Cassava flours are generally eaten as athick paste, 
which is obtained by mixing the flour with hot water. 
The paste is eaten with stews and soups. The flours are 

also used to prepare deep-fried, savory or sweet cakes 

and snacks. 

Two major flour types exist: those derived from 
unfermented dried cassava roots and those obtained 
from fermented cassava. Different fermentation 
methods were observed: fermentation in water, open air 
fermentation, and fermentation with a specially 
prepared starter. Flours from unfermented cassava roots 
are more common in areas where sweet cassava 
varieties dominate. 

i. Unfermentedflours. In all the countries where un
fermented cassava flour is prepared, the roots are peeled 
and cut into small chips immediately after harvest and 
spread in the sun for drying. In drier climates, like in the 
northern part of Ghana, the chips may sun dry in only a 
few hons. In the more humid forest zone, it is common, 
esrecially during the rainy season, to dry the chips over 
the fireplace in the house. Roots or cuttings dried in the 

smoke need to be cleaned and scraped betbre milling in 
order to obtain a nice white flour. The traditional 

methods for milling are pounding in a mortar or grind
ing on a grinding stone. Data from 233 villages in the 
COSCA study indicated that 86 villages had milling 
machines. After milling, the coarse fibers are sifted out 
to obtain a homogenous flour. 

ii Fermentedflours. Where bitter cassava varieties are 
common, the fresh roots are fermented before they are 
common, the ho e feeed befot are
dried and milled. Whole unpeeled cassava roots are 

submerged in water from 3 to 5 days depending on the 

taste desired and the weather. Warm weather intensifies 

and shortens the fermentation process. A longer or in

tensive fermentation produces a sour tasting flour which 

is preferred in some regions. 

Many processors peel the cassava and submerge the 
roots in clean water for fermentation. This usually
results in a whiter flour. The color of the cassava flour 
depends on the time.used for sundrying. If the drying is 
not finished the same day, the product may start to 
ferment again or get mouldy. To shorten the drying time 
the fermeiteu roots may be put in bags or baskets and 
pressed with stonc,. o, a screw press to remove excess 
water. In East Africa, fermentation is often done in 
heaps without adding water. Where sundrying is ex
tended over several days fermentation takes place in 
open air. Therefore, drying for more than two days was 
classified as a special form of fermentation even though 
it is not seen as an additional or separate processing step. 
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Granulated Cassava 

i. Roasted or gelatinized granules (gari). Gari is
prepared by fermenting grated fresh cassava in sacks, 
squeezing .out the excess water, and then frying the 

semi-dry granules in a minimum amount of oil to 
prevent sticking until a gelatinized crust forms. Yellow 
gari results when palm oil is used to fry the raw grated 
granules. The longer the period of fermentation the 
more sour the taste of the gari. Grating is either done 
manually, or mechanically, with motor-powered grating 
machines. Grated wet cassava is then bagged or put in 
baskets: the excess water is pressed out in a variety of 
ways: processors may use planks weighed down with 
heavy rocks, planks with carjtacks or hydraulic presses. 
Frying is usually done in large round earthenware pots 
or iron pans. Gari can be stored up to three months in 
plastic bags or other containers, depending on the 
quality of the product. 

Gari can be reconstituted with hot water and stirred 
to form a thick paste and eaten with soups and stews; it 
can also be mixed with cold water/milk ind sugar and 
taken as asnack. 


Cooked Granules 

i. Steam,;dfermented gr,nules (attieke). Attieke are 
semidried cassava granules which are processed by 
peeling, washing, mashing, fcrmenting, dewatering, 
granulating, and semi-drying in the sun. Astarterculture 
is added to the cassava during mashing, which influen-
ces the taste and quality of the end product. The starter 
culture is prepared either by boiling, roasting, or cutting
fresh roots which are then fermented for a period offres rots wichare Fo ofhenferente a prio 
about three days: or through the preparation of a filtratefrom cassava which has been boiled, pounded, and 

squeezed through a cloth. The tr,-'itionallv recom-
mended fermentation period for attieke is three days; 
however, the COSCA survey data indicate that there is a 
trend towards shorter fermentation periods. 

InCcte d'lvoire, these semi-dried granules (attieke) 
are steamed and eaten with stews and soups. The Hausa 
in Nigeria use pressed, sieved, and fermented cassava 
granules mixed with onions, tomatoes, and spices to 
form cakes which are then deep fried inoil. These cakes 
are called kwosai and are eaten as a full meal or as a 
snack between meals. 

Fermented Pastes 

i. Boiled fermented pastes. The processing steps for 
preparing fermented cassava paste include: peeling, 
washing, grating, or cutting into finger-like pieces, fer-

menting in water, mashing or pounding and squeezing 
through a fine cloth or sieve. This raw paste is now
boiled in water or steamed in wrapped leaves. The
normal fermentation period is from I to 3 days, how
nra emnainpro sfo o3dyhw 
ever, in Ghana, the grated cassava was fermented up to 
7 days. Longer periods of fermentation result in a more 
sour taste, which is preferred by some consumers. One 
essential characteristic of all these fermented pastes 
(demanded by consumers in the COSCA study areas), is 
the white color and smooth texture of the boiled cassava 
paste. In some of the study countries, a starter culture 
obtained from previous processing was added during 
the fermentation period. Sedimented pastes can be 
stored up to two weeks, sometimes even longer, depend
ing on how long the cassava was fermented. Longer 
fermentation is positively related to longer storability. 

Sedimented starches 

i. Tapioca. Cassava starch is made by peeling and 
grating fresh roots and stirring them inwater in order to 
separate the fibers from the starch. The starch particles 
are allowed to settle on the bottom of the container, 
where it forms a white muddy cake. The water is then 
carefully s!immed off, and the cake is removed and 
further dried in the sun. The semi-dried starch may be 
roasted in iron pans until it is completely dry to form. 

ii. Starch flour. Alternatively, the sundried starch 
cakes can be pounded or miled into a fine flour, which 
is used as a thickener in soups and stews. Part of this 
powder may be sold or used as laundry starch. 

iii. Laundry starch.Where cassava is being processedinto gari.on a large scale the water which is pressed out 
ingafironatrge ccter ic pressdduring fermentation is collected in large basins and 

allowed to setule. The starch so formed is not considered
ciean enough to be eaten and is used as laundry starch. 
However, few processors seem to be taking advantage 
of this by-product at present. 

Drinks with Cassava Components 

Cassava is used as a sub titute for maize and other 
grains in the preparation of local beer. It is also mixed 
with cereals to stretch out supplies and still arrive at a 
product which resembles the original cereal-based beer. 

Consumers tend to give priority to high alcohol 
content over taste. The type of yeast used influences the 
quality of the end product, especially in the brewing of 
local beer. As the taste of distilled drinks is less affected 
by raw materials, the proportion of cassava can be 
higher, and even the lowest quality products, such as 

( 
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mouldy or damp flours which are useless as food, can 
still be fermented to alcohol. 

Cassava Leaves 

The leaves from the low cyanide cassava varieties can 
be boiled and eaten like spinach. The leaves from high 
cyanide varieties are also consumed but they are boiled, 
squeezed out and reboiled to reduce the toxicity. High 
cyanide leaves are also boiled together with palm oil, 
which has the same effect. 

Medicine 

Various medicines are prepared from both the leaves 
and the peels of sweet and bitter cassava varieties, 

Tests of Hypotheses 

Gender role in cassava processing 

Women, and to a lesser extent children, perform most 
oif the processing operations (Table 4). As the oppor-
tunities for commercialization increase, the number of 
women involved in processing also increases. 

The relationship between gender participation in 
cassava processing and the degree ofcommercialization 
of cassava production was significant at the 0.01 level 
(Table 5). Increased commercialization of cassava 
production may arise from favorable market oppor
tunities for cassava and its products. Where this occurs, 
extra cassava isoften planted by individuals (especially 
women) for personal gain, as distinct from family cas
sava. While men may participate, even if to a limited 
extent, in the production of family cassava, they may 
not do so at all with respect to the women's individual 
cassava that ismeant for the market. 

Men are seldom involved in cassava processing 
operations, but perform more of the heavy duty farm 
operations. It was observed, however, 'hat as 
mechanized processing equipment (such as graters and 
mills) is acquired, men's participation in cassava 
processing tends to increase, as they often control and 
operate these machines. The hypothesis that gender role 
in cassava processing tends to change as processing 
becomes more mechanized, was accepted at 0.01 level 
of significance (Table 6). 

While cassava processing is, to a large extent, 
stereotyped along sex lines, this is not the case with 
respect to age (Table 4). There are virtually no opera-

Table 4. Frequency distribution of men, women, and children involved in cassava processing by 
subprocess, COSCA countries, Africa, 1989/90. 

Number of people incategory 

Sub-process 
Men Women 
only only 

Washing 2 210 

Peeling I 249 

Soaking 6 101 
Slicing 9 186 

Grating 35 40 

Milling 23 46 

Pounding 5 155 

Sieving 5 162 
Sundring 13 189 

Boiling 0 101 

Other 48 456 
Total N*of people 157 1,895 

Form of cooperation
Men & Women & Men & 
children children women 

0 116 22 
0 138 39 
0 26 6 

0 30 14 
0 18 11 

I 3 I 

0 41 II 

0 45 18 
0 30 14 

0 17 3 

I 73 38 
2 537 177 

Total N' of 
Adults Children people 
only only 

1 I 352 
20 I 458 
0 I 140 

6 0 245 

2 3 109 

3 2 79 

0 6 218 

4 I 235 
6 I 253 

0 0 121 

9 0 625 

51 15 2,835 

?
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Table 5. Association between gender role in cassava processing and the degree of commercialization of 
cassava production in COSCA countries, Africa, 1989/1990. 

Gender Cassava production objectiveGenderTotal N*of people 
Sales > home consumption 

Male 68 
Female 568 

Total N*of people 636 

Sales <home consumption 
321 389 

1.874 2,442 

2,195 2,831 

Table 6. Cross tabulation of gender role in cassava processing by degree of mechanized processing, 
COSCA countries, Africa, 1989/1990. 

Gendler GenierTotal Degree of mechanization N0 of people
One or 0machine used 

Male 101 


Female 
 2.175 

Total N' of people 2.276 

tionsexclusively done by children, and only 1.8%of the 
operations were restricted to adults. 

Degree of mechanized processing 

Of the total number of machines in the study villages, 
97-/ were located in Nigeria, Uganda, and Ghana. The 
remaining 13% were found in Tanzania and Cfte d'-
IvNoire. Mechanical processing is insignificant in Zaire 
(Table 7). Mechanized graters were observed only in 
West Africa; Nigeria accounted for 81% of the stock, 
and the rc.;.aining 19% were found in Cfte d'lvoire and 
Ghana. Cassava presses were only found in CCte d'-
Ivoire and Nigeria. 

Two or more machines used 
59 160 

496 267 

555 2,83 I 

Areas where the population density is high, also 
have the largest share of cassava mills and graters. 
About 69% of the number of mills and 84% of the 
number of graters are located in the high population
density areas. This supports the hypotheses that as 
population density increases, cassava processing be
comes more mechanized, which was accepted at 0.01 
level (Table 8). 

The distribution ofcassava presses between the low 
and high population density areas did not, however, 
seem to follow the same pattern as that of the graters 
and mills, since 70% of the presses are located in the 
low population density areas (Table 7). A further 
analysis of the data in Table 7 however, shows that C6te 

Table 7. Frequency distribution of cassava processing machines (mills, graters, presses) by country and 
population density, COSCA countries, Africa, 1989/1990. 

Type of machine 
Country Mill Grater Press 

Lowa High Low High Low High 
C6te d'lvoire 7 3 28 
Ghana 8 12 0 5 8 0 
Nigeria 8 28 4 31 3 17 
Tanzania 3 I 0 0 0 0 
Ugaada 2 22 0 0 0 0 
Za're 0 0 0 0 0 0 

Total N' of machines 28 63 7 36 39 17 
a Low and High refer to population density 

K 
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Table 8. Relationship between population density and machine use, COSCA countries, Africa, 1989/1990.a 
Degree of mechanization 

Population density 
I or 0 machine present 

Low 99 

Iligh 80 

Total N' of villages 179 

x2 =6.76, significant at 0.01 level. 

d'lvoire alone, with all its sampled villages in the low 
population density areas (Table 2), accounted for 50% 
of the total number of "Lssava presses. When CMte 
d'lvoire data are excludeo from the analysis, the dis-
tribution of the presses then follows the hypothesized 
distribution, with 61% of the oresses located in the high
population density areas. 

In addition to population density, there are other 
variables that were found to be significantly associated 
with mechanized processing. As road access to market 
improves, cassava processing tends to be more 
mechanized. This hypothesis was accepted at 0.04 level 
of significance (Table 9). 

The length of fermentation is often much shorter 
where processors have access to a cassava press which 
dewaters the grated cassava mash. The relationship 
between fermentation and the presence of cassava pres-
ses was found sigiificant at 0.002 level (Table 10). 
Using apress, it is now possible tocomplete all the steps 
in gari production in one day. 

2 or more machines present 
Total N*of villages 

12 II1 

27 107 

39 218 

While the length of fermentation is significantly 
associated with the degree of mechanization, it did not 
seem to be affected by market accessibility. Thus, the 
hypothesis that the fermentation period is decreasing in 
areas with good access to market, was rejected at 0.05 
level of significance (Table 11 ). 

Cassava production objectives do not seem to be 
significantly associa:! ..n the degree of mechanized 
processing. Even if more cassava is being produced for 
sale than for home consumption, processing has not 
shifted to more mechanized methods (Table 12). 

Relationship between the 

proportion of low to high cyanide 

cassava varieties and fermented 
and unfermented flours 

Cassava flours can be produced by milling either fer
mented or unfermented dried cassava chips. Fermenta
tion reduces the level of cyanogenic glucosides present 

Table 9. Association between road access to market and machine use, COSCA countries, Africa, 1989 /1990.a 

Road access to market Degree of mechanization Total N0 of villages
2 or more machines present

I or 0 machine present 

Poor 97 12 109 

Good 97 27 124 

Total N0 of villages 194 39 233 
ax2 = 4.08, significant at 0.04 level. 

Table 10. Association between machine use and fermentation period, COSCA counties, Africa, 1989/1990a 

State of mechanized Fermentation riod Total N of villages 
dewatering/fermentation 1-2 days 3 or more days 

Cassava press used 31 38 69 

Cassava press not used 71 246 317 
Total N' of villages 102 284 386 

x2 = 13.66. significant at 0.002 level. 

i"
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Table II. Relationship between road access to market and fermentation period, COSCA countries,
 
Africa, 1989/1990.a
 

Road access to market 	 Fermentation period - Total N of villages 
1-2 days 3or more days
 

Poor 34 46 

Good 45 81 126
 
Total N'of villages 79 127 206
 

ax2 = 0.69 Significant at 0.05 level.
 

Table 12. 	Relationship between production objective and machine use, COSCA countries,
 
Africa, 1989/1990.8
 

Production objective Degree of mechanization
 
Two or more machines used
One or 0 machine used 

Sale > home cons;umption 44 14 58 
Sale < home LOnsumption 148 25 173 
Total N0of villages 192 39 231
 

... . ,significant at 0.05 level (Table 12).
 

Table 13. 	Relationship between the proportion of sweet to bitter varieties and bpe of flour, COSCA 
countries, Africa, 1989/1990. 

Proportion of sweet Type of flour 
to bitter varieties Unfermented flour Fermented flour 
Sweet >bitter 125 8 133 
Sweet < bitter 73 19 92 
Total N0 of villages 	 198 27 225 

in the fresh cassava roots. As would be expected, flour A wide range of processing techniques are 
made from Unfermented cassava was found in areas employed in transforming the fresh roots into numerous 
where low cyanide varieties dominate, while flour from products. Different tames and descriptions for similar 
fermented cassava was found in areas where high cassava products exist across Africa, and these are lar
cyanide varieties are mainly grown. A significant gely location specific, reflecting the large numbers of 
relationship (x2 = 9.69) was found between the propor- ethnic groups. More than 80 different cassava products 
tion of low to high cyanide varieties and the presence or were recorded in the study areas. Nine different product
absence of fermented flour (Table 13). types were identified: Cooked cassava, cassava flour, 

roasted granules, steamed granules, fermented pastes, 
starches, drinks, leaves (cooked as spinach), and 
medicine.Conclusion 

Cassava processing in Africa is essentially a 
InAfrica, cassava is a major staple food for man- it also manual operation. Women, and to a lesser extent 
has great potential as livestock feed and as an industrial children, do most of the processing. The number of 
crop. Before it can be used as human food, however, it women involved in processing tends to increase with 
must he processed. Procressing not only eliminates the greater commercialization of cassava production. As 
toxic effects of' the cyanogenic glucosides present in commercialization of production increases, women also 
cassava, it also helps to convert the highly perishable begin to plant/buy their own cassava to process and sell. 
roots into stable, storable and marketable products. While men may participate in cassava production for 

S/ 
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household consumption, they generally do not help in 	 toxicity and thyroid: Research and public health 
the processing of cassava intended for sale in the 	 issues. Workshop proceedings. Ottawa, Canada. 
market. However, where machines are in use for ac
tivities such as grating, pressing and milling, the men Hahn, S. K. 1987. Tropical root crops: Their improve
often own the equipment. This seems to imply that the ment and utilization. Conference paper 2,Inter
gender role inprocessing begins tochange as processing national Institute of Tropical Agriculture (IITA). 
becomes more mechanized. Ibadan, Nigeria. 

As would be expected. the mechanization of cas- International Institute of Tropical Agriculture (IITA). 
sava processing tends to occur where the population 1988. IITA research: Priorities and strategies, 
den:sitv is high and access to market is good and the 1988-2000. IITA. Ibadan, Nigeria. 
demand therefore, ishigher. Although only about 25% 
of' the African population reside in the urban areas Nweke, Felix 1. 1988. Collaborative Study of Cassava 
(Nweke 1988), the growth rate in urban centers ishigh, in Africa (COSCA). Project description. Working 
exceeding 5%per annum in most countries. This under- Paper N' I. International Institute of Tropical 
scores the need to process cassava into products which Agriculture (iITA). Ibadan, Nigeria. 
are easy to store and prepare in the home. Mechaniza- Nweke, Felix I., H. C. Ezumah and D. S. C. Spencer. 
tion reduces the amount of time needed to process the 1988. Cropping systems and agroeconomic per
fresh roots into storable/marketable products. This may formance of improved cassava in a humid forest 
prove a health hazard, however, where high cyanide fo sman ce ndC ropavana gmd Re varieties are grown, as the levels of hvdrocyanide 	 ecosystem. Resource and Crop Management Re

variuesaregron, ydrcyaidesearch Monograph N' 2 International Institute of'a th leelsof' 
present may be lethal if the fermentation period isserhMnrahN2ntrtialIttueoreduced. Tropical Agriculture (IiTA), Ibadan, Nigeria. 

Numfor, I. A. and Peter Ay. 1987. Postharvest tech
nologies of root and tuber crops in Cameroon.
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Appendix 1. Essential processing steps. 

SEssential processing steps Manner in which prepared food 
Products types and subgroups I Variations in essential steps I M 

(sequential I is eaten 

I. 	 (A,oked cassava 1.Cook I. (i) Boil I. ) Boiled cassava 
a. Cooked fresh roots 	 i Boil and pound (ii) Pounded c'ssava 

(iii) 	 (iii) Soaked boiled wet rootsBoil and soak in fresh 
water (wet abacha) 

(iv) Boil/ferment and mix (iv) Fermented boiled 
with vegetables cassava 

(v)Roast (v 	Roasted cassava 

h. 	 Dried Cooked Cassava I. Boil . I. _
 
(abacha) 2. Slice 2.
 

3. Dry 3. 	 0i)Dryinsun 3. (i Soak i water, eatwith 

(i) 	 Dry over fire coconut or palm kernel 
(ii) 	 Soak in water, mix with 

palm oil and fresh 
vegetables 

2. 	 Cassava flours I. Dry 1. 6) Dry in sun I1. 
a.Unfermented flours 2. Mill/pound 00iDry over fire 2. (i)Flour stirred into hot 

fobuf%., ohutu, uhu, 2. it)Mechanized water to form a paste 
kkte pep. unga. etc. I Manual (ii) Flou,. mixed with other 

ingredients and deep-fried. 
cakes, and snacks 

h. 	Fcrmcnted Flours 1 Ferment I. i) Soak in water 3. (it Flour stirred in hot water 
flafun. aleho, eluba,etc.) 2. Dry ii) Ferment in bags/basket (ugali, kokonte) 

3. 	Mill/pound Sundry more than 2 days Mixed with otheruiii) 	 (ii) 

2. til Dry in sun 	 ingredients and deep-fried 
3. 	 i Mechanized (snacks) 

(it)Manual 

3. 	 Roastedcassava granules 1. Peel and wash Manua 
t .	 tlo k o . -I -gari. atoupou,etc.) 2. Grate/pound/mill 	 2. 

3. 	Dewater/ferment 3. ) Press during fermentation 3._ 

4. 	 Granulate (ii) Press after fermentation 4. 

5. 	 Fry/roast 4. ) Sieve 5. 0) Stir into boiling water 
ii) Roll on wood (eba,gari) 

5. 	 (ii) Mix with cold water and 

sugar 
(iii) Soak in water and steam 
(iv) Fried with coconut 

14. 	 Cooked cassava granules I. Peel and wash I I 
2. Grate/pound/mill 2. 	 2. 
3. Dewater/ferment 3. (i)Press during fermentation 3. 
4. Granulate 	 (it) Press after fermentation 4. 
5. 	Cook 4. (i)Sieve 5. (i) Steamed granules are 

(ii) Roll on wood 	 ready to eat. (anieke) 
5. 	 it Steam (ii) Mixed with onion and 

Ili)Depfry spices and deepfncd 

(kworai) 
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Appendix I. continued 

Proucts types and subgroups Essential processing steps V** i 	 Manner in which prepared food 
(sequential) 	 is eaten 

5. Fermented pastes 1.Ferment 	 (i)Soak inwater I i. 

(placali,agbelima, fufu. akpu, 2. Pound/grind (ii) Ferment inbags/baskets 2. _
 
oivondo. bobol. chikwangue) 3. Boil 2. 3. (i)Ready food. (fufu,
 

3. (i)Wrap in leaves, boil and myondo. bobolo.etc.) 
steam (ii) Ready food (akpu, 

(ii) 	 Wrap, boil. repound/grind, chikwangue, mentoumba) 

wrap, reboil 

6. Sedimented starches 1.Grating I. I. 
(starch. tapioc,, etc.) 2. Sedimenting 2. - 2. _ 

3. 	Drying 3. (i) Dry in sun 3. (i) Stir into boiling water 
(ii Semi-dry in sun/cook (ii) Boiled starch; roasted and 
(iii) Semi-dry in boiled as pordge: roasted 

sun/granulated and eaten 
(iv) Roast 	 (iii) Steamed granules 

(iv) Eat as asnack 

7. Drinks 1. Mix cassava product with I. _. 	 

a. Fermented drinks cereals 2. (i)No starter culture 2. (i)Refreshment (togwa) 
(togwa.kawogo kwete. 2. Ferments liquid 0i0)Starter culture (ii) Beers 
chimbukui, malwa, ajono) 

h. DiNsilled fermented drinks j 1 Mix cassava product with 1. Several cassava products I . 
ctnitwo, kawoi, (Nmrai. cereals or starter culture and/or wastes are used 2. 

rn'lqu, araca, kpanga. 12. Ferment liquid 2. 3. Alcoholic beverages 
busera 1 13. Distill 3. 

8. Leaves 11,Cook 	 1. Boil; boil/pound; I. Vegetable 
ipondu, kisamwu) boil, squeeze, boil in
 

coconut milk
 

9.Medicine I. 	Scrape peeled (sweet) cassava I. 
2. Mix with other ingredients 	 2.Stomach medicine 

207 



II 

Appendix 2.List of cassava products in Alrican countries. 

Name of product Country 
pNigeria 

Aban'a (wet) 	 Nigeria 

(Io) 

A' Wha (dry) 	 Nigeria 
(lbo) 


Agbeminuz 	 Ghana 
(mainly Ewe) 

Ageh'liktJdo 	 Ghana 

;-Uganda 

UAgjod, 


Akoro IUganda 

* 

:Akpu 	 Nigeria 

Aluki 	 Cameroon 

Ia.4muw 	 Nigeria 

i~soup/st-w 
Ampesi 	 Ghana 

Arki 	 Cameroon 

Arege 	 Uganda 

Attieke C6te d'lvoire 

Characteristics Used or form eaten 
i 

Miled cassava pat of main meal or 
cuttings dish eaten with stews 

Nor vegetables 

boiled sliced snack: eaten soaked 
cassaa with coconut: main 

dish: prepared with 
!palm oil. vegetables. 

meat or fish 

ifermented paste part of matn meal or 
dish, boiled paste 

'eaten with stews, 
- sauces 

deep fried seasoned snack, sold in matkets 
semi-dry starch' 7 2 
beer from cassava and 	 drink 

Fcereals 

flour mixed from stirred into boiling 
Icassava and millet water, eaten with stew 

ifermented rehoiled part of main meal. 

paste eaten with stew
 

flour 

paste from fermented stirred into boiling 
flour water to form a thick 

pasti
and eaten witho: 

boiled cassava 	 partof meal, or dish 

distilled cassava or 	 distilled beverage 

cassava and maize 	 made from fermented 
cassava with starte
culture from maize 

fdistilled cassava or drink distilled after 
cassava and cereals fermentation with
 
drink starter culture from
 

!cereals or cassava
 
Fmixed with cereals 

Steamed cassava 	 Part of main dish .r 
meal ready food eatenwith stews and sauces 

Producttype Other names & places 
Produused 

cooked fresh cassava 

dried cooked cassava 

fermented paste 

sedimented starch 

fermented drink 

flour 

fermented paste 

flour 

fermented flour lafun: Nigeria, Yoruba 
ugali: Tanzinia 

Ghana 

cooked fresh cassava 

distilled drink 

distilled drink 

granules 	 vakayake: Ghana 

I'
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Apptondix 2. continued 

Name of product Country Characteristics Used or form eaten Product type 
Other names & places 

used 

,. oltkpou Cate d'lvoirc roasted cassava part of main dish or roasted granules ran:all areas 
granules meal, soaked inwater 

steamed, eaten with 
Istews. ,:atices (ottteke) 
or stirred inhot water 
and eaten as paste 
with stews 

Blilot, ICameroon boiled wrapped part of mrar dish or fermented pastes 
Ifermented paste meal. eaten with 

stews, sauces 
-_ vegetables 

.Surle% de maios .C6te d'voire deep-fried seasoned !snack from boiled (deep-fried) cooked 
pounded cassava pounded cassava fresh cassava 

mixed with onions and 
tOmllat(OS. spices and 

deep fried 

Brii Uganda cassava lour part olf nain dish oi Iflours: fermented ohuiia: Uganda 
meal, surred in hot (bitter cassava); 
water, paste eaten with unfermented (sweet 
stews, sauces Fcassava 

Bur Uganda 'distilled cassava or drink distilled after distilled drink 
cassava and cereals ]fermentation with 

;drink Istarter culture from 
cereals or mix with 
cereals 

CaVrtda Nigeria fried cari-coconut snack from gari mixed (fried) roasted 
I Rep. of Benin !pancake with cocout 

I pieces/gratings fried 
cassava granules 

:in pan 

Chikwiangue Zaire reboiled wrapped part of main dish or fermented pastes 
fermented paste meal. eaten with 

stews. sauces 

vegetabl-s 

Chinam'a Zaire dried sliced small intermediate cassava flours: unfermented 
cassava chips (sun dry) product, stored and 

marketed bcfore 
milled into flour 

Chips !All areas dried chipped roots intermedite cfs'.,%'a flours: fermented or 

:product stored and unfermented 
imarketed hefore its 
milled or pounded. 

iand sie'ed 
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Appendix 2. continued 

Name of product Country Characteristics Used or form eaten Product type 
Other names & placesus&d 

used 

Co.rsetes Zaire dried cassava cuttings intermediate cassava flours: fermnmted or Miteke (Zaire = Z.) 
or chips (sundry or product, storcd and unfermented manioko (Z.) 
smoked) marketed before songo (Z.) 

milled into flour tshiomba tshiapan (Z.) 
ishiomba tshiamayi 

(Z.) 

IDimwehe Zaire whole small dried intermediate cassava flours: unfermented 
cassava roots (sundry and marketed before 
or smoked) milled into flour 

Enguli Uganda distilled cassava or drink distilled after distilled drink 
cassava and cereals fermentation with 
drink starter culture from 

cereals or mix with 
cereals 

Friandes Zaire 
I 

deep-fried cassava 
pieces 

snack or part of main 
meal or dish, dried 

deep-fried dried 
cassava 

cassava pieces are 
soaked and deep-fried 

Ftif Ghana boiled and pounded part of main dish or cooked fresh cassava 
fresh cassava meal, unfermented 

paste eaten with 
stews, sauces 

Fufu Nigeria boiled fermented paste part of main dish or fermented paste 
meal, white cassava 
paste eaten with stews 

Foutou Cte d'lvoire boiled and pounded part of main dish or cooked fresh cassava 
fresh cassava meal, paste eaten with 

stews, sauces 

Futari Uganda boiled and pounded part of main dish or cooked fresh cassava 

fresh cassava meal, paste eaten with 
stews, sauces 

Gari All areas roasted cassava part of main dish or roasted granules atoukpou: 
granules meal, stirred inhot C6te d'lvoire 

water eaten with 
stews, sauces; 
snack: soaked incold 
water with sugar 

Gongo Tanzania distilled cassava or drink distilled after distilled drink 
cassava and cereals fermentation with 
drink starter culture from 

cereals or mix with 
cereals 
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Appendix 2. continued 

Name of product Country 

[laragi Uganda 

Iant'i ege 	 Nigeria 
Yoruba 

Kahalagala Uganda 

IKatoeo Uganda 

Kawoo Uganda 

Kipanga Uganda 

Kisarnwu 

Koktnit Ghana 

Kokonte Ghana 

Korum Nigeria 
Yoruba 

__ _ __ 

Characteristics 

distilled cassava or 
cassava cereals drink 

pounded cassava 

deep-fried cassava 
banana cakes 

fresh cassava boiled 
with beans, onions. 
and spices 

distilled cassava or 
cassava ind cereals 
drink 

distilled cassava or 
cassava and cereals 
drink 

cooked leaves 

paste from flour 

dried cassava 
chips/cuttings/whole 
roots 

ideep-fried gari sweets 
I 

_and 

Used or form eactn 

distilled drink 

part main meal or 
dish; boiled sweet 
cassava rootslroot 
pieces that are 
pounded to asmooth 
paste 

snack prepared from 
cassava flour dough 
mixed with mashed 
s;"C,,.t banana, 
deep-fried 

full meal of cut fresh 
cassava roots boiled 
with onions, beans, 
spices 

drink distilled after 
fermentation with 
starter culture from 

'cereals or mix wioh 
cereals 

drink distilled after 
fermentation with 
starter culture from 
cerea!; or mix with 
cereals 

vegetable 

part of main meal or 
dish, stirred in hot 
water, paste (tuo) 
eaten with stews... 

intermediate cassava 
products that arc 
milled into flour for 
paste (to)preparation 

sweet snacks, soaked 
gari mixed with sugar 

deep-fried 

Product type Other names & laces 
used 

cooked fresh cassava itaraakpu: Nigeria. 
Ibo 

fufu: Ghana 
furou: CMte d'lvoire 
fitari: Uganda 

(deep-fried) fermented pancake: Uganda 
or unfermented flour 

cooked fresh cassava 

distilled drink 

distilled drink 

fermented or CCbte d'lvoire 
unfermented flours 

fermented or C6te d'lvoire 
unfermented flours 

(deep-fried) roasted 
granules/gari 

•.2 
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Appendix 2. continued 

Other names & places
Name of product Coukitry Characteristics Used or form eaten Product type used 

Kwadu Nigeria cassava-groundnut full meal, boiled cooked fresh cassava
 
(Hausa) cake paste cassava. stirred or
 

pounded with
 
groundnut cake
 

Lira lira Uganda 	 distilled cassava or drink, fermentation distilled drink
 
cassava and cereals with starter culture
 
drink from cereals or mix
 

with cereals 

Makopa Zaire 	 dried, fermentated or intermediate product, flours; unfermented or 
unfermented cassava stored/marketed fermented 
(sun dry or smoked) before milled into flour 

!Malah, Zaire distilled cassava drink, fermentation distilled drink 
maize drink with starter culture 

from maize or mix 
with maize 

Manioc braise Cte d'lvoire roasted cassava 	 full meal roasted over cooked fresh cassava 
charcoal or fire ashes 

Alanii'o Zaire 	 dried cassava cuttings intermediate cassava flours: fermented or cossettes (Zaire = Z.) 
or chips (sundry or product unfermented miteke (Z.) 
smoked) songo (Z.) 

tshiomba
 

Manieba Tanzania 	 fermented pounded part of meal, boiled (fermented) cooked 
cassava paste and pound,'d cassava fresh cassava 

fermented A h starter 
culture 

Manotmba Cameroon 	 boiled wrapped snack or main dish fermented paste 
fermented paste with 
vegetables and spices 

Miteke Zaire 	 dried cassava cuttings intermediate cassava flours: fermented or cassettes (Zaire = Z.) 
ot chips (sundry or product unfermented maniokr; (Z.) 
smoked) songo (Z.) 

Mavondo Cameroon boiled wrapped part of main dish or fermented paste 
fermented paste meal. eaten with 

stews, sauces 
vegetables 

Ngunula Zaire crushed dried cassava intermediate cassava flours: unfermented 
pieces (sundry) product. stored and 

I marketed before 

milled into flour 
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Appiendi.r 2. continued 

Other names & places 
Name of product Country Characteristics Used or form eaten Product type used 

Nnii akpu Nigeria boiled fresh cassava part of main dish or cooked fresh cassava 

(lbo) meal, eaten with stews 
and sauces 

tilimbe Zaire crushed fermented intermediate cassava flours: fermented 
dried cassava pieces product. stored and 
(sundry) marketed before 

milled into flour 

Ohuita Uganda cassava flour 	 part of main dish or fermented (bitter buita: Uganda 
meal, sturred in hot cassava) unfermented 
water, paste eaten with (sweet cassava) 
stews, sauce-

Ohutaga Tanzania 	 fermented crushed dry intermediate cassava fermented flour udaga:Tanzaiiia 
casava product lafun: Nigeria 

Oki Niteri. paste from fermented 	 main meal. cassava fermented flour lamala: Nigeria 
Yoruba flour 	 flour (lafin) stired in tao: Ghana 

hot water, eaten with ugali: Tanzania 
stews 

Omudiyenge Tanzania 	 fermented dried intermediate cassava fermented flour 
cassava cuttings product 

Pan or Pancake Uganda deep-fri,:d 	 snack from cassava (deep-fried) fermented kabalakala: Uganda 
cassava-banana ric.kes flour mixed with or unfermented flour 

mashed banana, 
deep-fried 

Placali C6te d'lvoire boiled fermented paste 	main dish or meal, fermented paste
boiled paste eaten 
with stew 

IPondu Tanzania cooked leaves 	 main (fish or meal 

IRacut C6te d'Ivoire boiled roots spiced snack or full meal, cooked fresh cassava 

and mixed with boiled sweet cassava 
vegetables mixed with vegetables 

and spices 

Starch All areas sedimented starch 	 part of main meal or sedimented starch 
dish: boiled as paste 
semi-dry steamed; 
roas. dJsnack; roasted 
granules laundry starch 

Tapioca Nigeria roasted, sedimented 	 snack; granulated and sedimented starch 
Ghana starch 	 roasted part of main 

dish or meal; roasted 
and boiled 
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Appendix 2. continued 

Name of product Country 

Tvhiomba tshia mayi 
Za'ire 

Tshiomba tshia mpandu 
Zare 

Tuo 	 Ghana 

Udaga Tanzania 

Ugai 	 Tanzania 

t/gtmbi wa muhiogo Tanzania 

Utara akpu Nigeria 
(Ibo) 

Waterfufu Cameroon 

aijkayaka 	 Ghana 

Characteristics Used or form 	eaten Product type e places
Usedoraten frmProuct ypeused 

dried cassava cuttings 	 intermediate cassava flours: fermented or cossettes (Zafirc = Z.) 
ot chips (smoked) 	 product stored and unfermented miteke (Z.)
 

marketed before Songo (Z.)
 
milled into flour manioco (Z.)
 

ishiomba tshia 
mpandu (Z.) 

dried cassava ctangs 	 intermediate cassava flours: fermented or cossettes (Za're = Z.) 
or chips flour (sun dry) 	 product, stored and unfermented miteke (Z.)
 

marketed before songo (Z.)
 
milled into... mnanioco (Z.)
 

paste from fermented 	 part of main meal or fermented flour amala: Nigeria, Yoruba 
flour dish, cassava flour oka: Nigeria, Yoruba 

I (lafun) stirred in hot ugali: Tanzania 
water, caten with stews turn: Ghana 

fermented crushed dry intermediate cassava fermented flour obutaga: Tanzania
 
cassava product. stored and laf;.-: Nigeria
 

marketed before
 
milled/pounded-sieved 

-for flour 

paste from fermented 	 part of main meal or fermented flour amala: Nigeria, Yoruba 
flour Idish, cassava flour tuo: Ghana 

(lafun) stirred in hot oka: Nigeria. Yoruba 
watcr, eaten with stews 

beer from cassava and 	 drink by fermenting fermented drink 

cereals 	 cassava-cereals 
mixture 

boiled cassava 	 part of main meal or cooked fresh cassava 
dish, boiled sweet 
cassava roots 

boiled fermented 	 part of main meal or fermented paste 
cassava mash dish, fermented 

cassava is mashed and 
'boiled in water; eaten 
with stew 

steamed cassava ,nrtof main dish or steamed granules attieke: Cfte d'lvoire 
granules meal. steamed 

semi-dry granules. 
eaten with stews 
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Technological Change and the Economics of Product 
Development in Cassava and Cocoyam in Nigeria 

N. 0. A. Ezeh, 0. B.Arene, S. 0. Odurukwe, and L. S.0. Ene 

Abstract 

Averae farm size for cassava and cocoyam in Nigeria is0.025 ha and 0.008 ha respectively. Thus, 
production is dominated by numerous small-scale operators, a highly competitive group. Productivity 
studies show there is potential for positive commodity balance as against the current deficit situation. 
Results from farm size studies show smallness has apositive impact on rates of technological innovation 
and diffusion to operators. 

Commercializability of technologies in processing were studied with respect to their use of cassava root 
meal as an energy substitute for corn in broiler production and cocoyam soup thickener. Results show 
that production of cassava root meal and its use iscost-effective with agross margin of N 1,224.6 and a 
benefit-cost ratio of 1.41. For cocovam soup thickener, the gross margin per ton was N 1,002.06 or 
equivalent of 128.2c/, a good return that could easily help offset fixed costs in the short term. 

Key words: cassava, cocoyarn. 

Introdu-fioln 
farmers that, between 1985 and 1986, 2.2 million tons 

The average farm size in Nigeria f,, ,a._,z"a is0.025 ha of cassava were produced in atotal growing area of 13 
and 0.008 ha for cocovimi (Olavide et al. 1980). These million ha and 0.22 million tons of cocoyam in 2million 
small farm sizes are indeed atomistic, which mean that ha (Ezeh and Arene 1989) (see Table I ). Production 
cassava and cocvwam production ishighly competitive efficiency, however, isonly 19.7% for cassava and 30% 
and dominated by small-scale producers. It is from these for cocoyam (Ezeh and Arene 1989). 

Table 1. Production, area, and productivity of Nigerian root and tuber crops, 1985. 

Productivity Production 
Production Area (i/ha) efficiency 

Crop (million t) (million ha) actual potential (%) 

Cassava 2.2 13.0 5.9 30.0 19.7 
Yam 1.4 15.6 11.1 40.0 27.8 
Cocovam 0.2 2.0 9.0 30.0 30.0 
Sweetpotato 0.3 1.8 7.2 58.5 12.3 

.Source': Ezeh and Ar.,ne 1989. 

N.O.A. Ezeh. Industrial Economist; O.B. Arene. Assistant Director. Planning/Project Development: S.O. Odunrkwe, Agronomist. 
Assistant Director. Dept. of Farming Systems Research and Extension. and L.S.O. Enc, Director, respectively. National Root Crops 
Research Institute (NRCRI). P.M.B. 70(6. Umudikc, Nigeria. 
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Studies at Umudike (Ezeh and Arene 1989) have 
shown that small-scale production does not impede 
either technological invention or technology diffusion 
t , rmers. Rather, small farm size has apositive impact 
on the rate of technological invention. 

The National Root Crops Research Institute (NRCRI) 
at Umudike has distributed available technologies in the 
processing, storage, and utilization of root and tuber 
crops. These activities are summarized in Table 2. Al-
thouch the products have not been commercialized, 
cassava root meal and cocoyam soup thickener have been 
selected for studies of' their market potential. 

In Nigeria. research and development in root and 
tuber crops falls within the mandate of the NRCRI. Six 
major crops are under study: cassava, yam, cocovarn. 
,"weetp ,iato, protato, and ginger. Research is being con

ducled into production, storage, preservation, processing, 
and utilization of these crops (Ezeh and Arene I )S9. 
Intensive breeding ac'.ivities are also going on to prod-
tice improved planting materials. In collaboration with 
ihc National Extension Research Liaison Services at the 
Auahdu Belho University, Zaria, the Farming Systems 
Rcsearch and Extension Department of the Institute is 
concentratinu its efforts to transfer these research results 
I() tanners, consumers, and agro-industrialists. The coun-

try-wide organization of research and development of 
crops is shown in Figure I. 

Table 2. Root crop products developed at NRCRI, 
Umudike, and their use, 1991.a 

For rural State of 
Products use commercialization 

Cassava root meal (pee!ed 
and unpeeled) 

Cocoyam soup thickener I 0 
Odorless foufou flour 1 0 
Starch I 
Gari I 
Cocoyam I 0 

Ginger powder I 0 
Yam flour I 
Sweetpotato flour I 0 
Cassava pellets 0 0 
D. alata chips 0 0 

Total 9 3 

4I = occurrence of event; 0 = non-occurrence. 

Figure 1. Organizational structure of NRCRI, Umudike, in relation to other agencies. 
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Cocoyam and Cassava 
Aspects of Production 

Production figures for cocoyam and casava are among 
those shown for important root and tuber crops in 
Table I. Table 3 shows the demand and supply gaps of 
these crops. The inherent potential for substantial impovement in the aggregate output from existing land

pi-oemetagregtei thotpu frm eistng and 
holdings could be exploited if currently available pro-ducton echologes xamle,ereimplmened.Forductio n tec hno log ie s w e re im ple me n ted. For e xam ple , 
the improved high yielding and disease- and pest-resis-
tant varieties of cassava available, NR 8083, NR 8082, 
NR 8208, TMS 30572, U/41044, and TMS 4(2)1425, have 
hiuh dry mnatter content of 27-30('), high starch content 

of' 19 -25%c, good gr yield of 21-25%, and foufot flour 
yield of 5-31 '4*.Six cocovam varieties also have been 
selected (Aren c t al. 1987). 

The Research Project 

In-country Research 

A national research project was begun on cassava and 
cocovatn. Objectives of the project are: 

* 	 to evaluate the available technologies in shortage, 
processing, and utilization of cassava and cocoyam; 

* 	 to examine the impact of farm size on the rates and 
diffusion of technological innovations and, 

" 	to show the market potentiality of cassava root meal 
cind cocowan soup thickener. 

ProcessIng/Comnmercialization 

Cassava Root Meal 

Feed alone accounts for 80% of' production costs in 
poultry raiking ventures in Nigeria. With the present ban 

on corn and wheat importation, demand by flour millers 
and breweries has generated ascarcity of these grains, 
consequently increasing theircost. Many feed mills and 
poultry projects have closed down and the survivors are 
running at excess capacity. Therefore, the need to iden
tify and employ alternative sources of energy forpoulrv 
feed formulations isurgent. 

Figure 2 shows the production process for cassava 
root meal. At NRCRI, Umudike, Ngoka et al. (1984) 
root meal. t roe d e uket l. (1904started addressing this problem. They used levels of 0,5 ,7 , a d 1 0 f c s a a r o n a o s b t t t o 
50, 75, and 100% of cassava root meal to substitute for 
corn in layer, breeder, and broiler rations. While feeding 
the experimental ration, they monitored the effects on 
three aspects of poultry production: layer performance 
and egg quality; chicken egg hatchability; and broiler 
performance and meat yield. The results of the study 
showed that cassava root meal can be substituted for corn in layer, breeder, and broiler diets up to 75%. 
Higher substitution levels are possible provided animal 
protein, methionine, and Vitamin B12 are supplemented 
at appropriate amounts. 

The estimated costs and returns of cassava root 

meal production are shown in Table 4,while the benefit
cost analysis of cassava root meal used as an energysubstitute (50% substitution) for corn in broiler pro
duction ispresented inTable 5.It can be seen from these 
tables that both processing of raw cassava roots into 
cassav'a root meal and use in poultry (broiler) diets are 
cost-effective, considering the realized gross margin of 
N 	1,225 (Table 4) and the benefit-cost ratio of 1.41 

(Table 5). 
Cocoyam Soup Thickener 

There is a declining trend in cocoyam production as well 
as a shortage of its supply in domestic markets due to 
declining yields and low storability. This trend has, 
however, been halted by introduction of the minisett 
technique and an improved agronomic package (Arene 
et al. 1987). With the prospects of an improved supply, 

Table 3. Demand and supply (million t) of Nigerian root and tuber crops, 1984-90. 

1984-85 1985-90 
Crop Demand Supply Deficit Demand Supply Deficit 

Cassava 5.429 4.652 0.777 6.643 5.272 4.371 
Yam 11.353 9.730 1.623 13.893 11.025 2.868 
Cocoyarn 0.545 (.467 0.078 0.667 0.529 0.138 
Potato 0.241 0.206 0.035 0.295 0.235 0.061 

Soutce: Adaped from Okoli et al. 1986. 
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Figure 2. Flow chart of cassava root meal production. 
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the potential production of cocoyam soup thickener 
becomes astrong possibility. 

The production process of the cocoyam soup thick-
ener isshown in Figure 3, and the estimated costs and 
returms of the venture are presented inTable 6.The gross 
margin from processing I t of cocoyam isN 1.002. This 
isquite a reasonable return, and could easily help in the 

Table 4. Estimated costs and returns of cassava 
root production, 1991. 

Parameter Quantity ValueN)' 

Output (t) I 
Revenue 1,500.00 

Variable costs 
Raw material (t) I 240.00
Labor (manday) 3 15.00
Fuel (litre) II 0.39 

Total variable costs 255.39 

Gross margin 1255.39 

I Naira = US$ 0.089. 

short-run toward offsetting the fixed cost of investments 

in anew product. 

and Limitations 
A major financial constraint of the project is that it was 
not funded as an approved project within the 1990-92 
National Rolling Plan. However, activities related to the 
project are being undertaken in each of the commodity 
crop research programs. 

In the program of work for 1991, aspace was carved 
out for project activities. Still, the Processing and Storage 
Program as presently constituted suffers from limita
tions in terms of production of research results so as to 
be in line with the Honorable Minister's directive for 
1992 that research institutes commercialize their results 
under the Research and Production (RAP) policy. 

Table 5. Benefit-cost analysis of cassava root meal used as an energy substitute (50%) for corn in poultry 
(broiler) production, 1991. 

Parameter 
Corn-based diet 

quantity value" 

Broiler output (kg)/revenue 
Variahic costs 

Corn (kg) 
Other ingredients 
Day-old chicks 
Drugs 

Total variable costs 
Benefit-cost ratio 

984.1 

1,040 
-

-

-

1.41 

14,652 

3,120 
5,968 
4,000 
1,368 

14.456 

lI Naira = tS$ 0.089. 
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Cassava-based diet 
quantity value" 

862.5 12,841 

1,513 303 
- 5,968 

- 4,(X)0 
1,368 

13,173 

http:1,500.00


Figure 3. Cocoyam soup thickener production process. 
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Table 6. Estimated costs and returns of production 

Future Projects 

It is hoped that this project will launch technological 
changes using roots and tubers to benefit end-users. The 
complete realization of end-user benefit would encom
pass invention, entrepreneurship, investment, and de

on the part of small-scale farmers. 
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Sweetpotato - A Versatile and Nutritious Food For All
 

JenniferWoolfel 

Abstract 

Sweetpotato has considerable untapped potential as anutritious food crop particularly for the poor and 
more vulnerable groups of society in developing countries. This paper analyzes the nutritional content of 
sweetpotato roots and leaves in both cooked (fresh) and processed forms. It highlights the high content 
of carotene and Vitamin A of sweetpotato roots and leaves. Processed products are then discussed as well 
as extension/promotion efforts as means to broaden the crop's appeal and thereby encourage its greater 
use. 

Key words: calorie, protein, vitamins, minerals, consumption. 

Introduction 
The sweetpotato (lpomoea batatas) has been alife saver 
for centuries in many tropical, sub-tropical, and warmer 
temperate areas of the world, warding off famine in 
times of both climatic disaster and war. It was domesti-
cated in the New World, somewhere in the Central or 
South American lowlands, remains of thousands of 
years old dessicated roots having been found in the 
pre-Columbian sites in Peru. Columbus became 
aquainted with it on his first voyage to the New World 
in 1492. Since then, it has spread widely throughout the 
world. 

Although entering to only avery limited extent into 
international trade, due to its bulky and highly perish-
able nature, the sweetpotato is one of the world's most 
important and valuable food crops. It lies seventh in the 
crop league table in terms of total production and is the 

fifth most valuable developing world food crop. Ap-
proximately 90% of' the world's sweetpotatoes are 

grown in Asia (more than 80%---nearly 100 million t in 
China alone), just under 5%(6 million t) in Africa and 
only about 5%in the rest of the world. Only about 2% 
of the total are grown in industrialized countries, mainly 
the United States and Japan. 

Status 
In spite of the many agricultural advintages sweetpotato 
possesses, its use has declined in many parts of the 
world. This has been attributed to various causes. 
Among these are: the total dependence of some popula
tions on sweetpotato during times of hardship and suf
fering, for example in wartime; the supposed low status 
of the sweetpotato as a poor man's food" (not helped 
by its use as a pig feed or dog food in some countries); 
and itssweet taste which, forsome people,quickly palis 
if eaten too frequently and which makes it difficult to 
combine with other savoury foods in a variety of dishes. 
Moreover, once harvested, it is highly perishable and
difficult to store and transport especially in tropical 
areas, a fact which often leads subsistence producers to 
leave roots in the ground and harvest them as and when 
needed for food. However, associations of sweetpotato
with hardship are now a distant memory for most 
people, or are unknown by younger generations. The 
polo r nnw yyugrgnrtos h 
status of sweetpotato is not invariably that of a poor 
relation to other food crops, and varies considerably in 
different parts of the world. In the United States, it is a 
festive food served traditionally at Thanksgiving and 
has even been included in aprogram of research aiming 
to grow crops in situ for consumption by space station 

26 Westville Rd., Thames Pitton, Surrey, United Kingdom, KT7 OUJ. 
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Table 1. Average consumption (kg/year) per adult equivalent of sweetpotato and other selected foods iii 
rural households of five Rwandese regions, 1986. 

North South 
Food West West 

Swectpotato 137(17%) 211(34%) 
Cassava 174 40 
Bananas 51 81 
Banana beer 59 42 
Legumes 102 66 
Sorghum beer 79 48 
Cereals 56 26 
Animal products 8 5 
Other 97 42 

Total 787 615 

Source: Ewell 1988. 

dwellers (Bonsi et al. 1991). In Nepal, it is prepared as 
an offering to the God. Elsewhere, it features as an 
important item in traditional feasts and religious 
ceremonies. Most of the varied fonns of processed 
sweetpotato that are hand-crafted or made on a small 
scale inJapan are luxury items, given as gifts to friends 
and relatives or bought as tourist souvenirs. Sweet-
potato lines vary greately in sweetness (see below) and 
a variety ofcultivars with arange of tastes are potential-
Iv available for cooking or processing into multiple 
forms. 

The sweetpotato is eaten in large quantities on a 
regular basis as a basic staple food in only a few 
countries of the world nowadays. Among these are 
several African countries, namely Rwanda, Uganda, 
and Burundi, all with a production of well over 100 kg 
per capita per year. The importance of the sweetpotato 
in Rwandan diets is illustrated in Tables I and 2.Other 
countries vhcre sweetpotato has a similar importance 
are the higlands of Papua New Guinea, the Solomon 
Islands, Tonga, and isolated and mountainous parts of 
China, and elsewhere in Southeast Asia. In some parts 
of Africa, for example northern Ethiopia, sweetpotato 
has been introduced in response to climatic challenges 
such as drought, and is now an important food crop 
where before it was not grown (Belehu 1988). However, 
as it isnot held in any great esteem by most people, the 
sweetpotato isnow used as an essential part of the meal 
only in a fall back capacity, on a seasonal basis, when 
other, preferred staples are expensive or in short supply.
fn Mozambique, sweetpotato is a security crop used as 
adietary energy source from when supplies of the first 

Center- Center
north south East
 

309 (40%) 213 (37%) 131 (17%) 
43 19 8 

112 41 244 
43 32 68 

131 88 138 
31 61 24 
7 6 8 
4 6 26 

31 24 32 

756 580 774 

maize crop finish until the second maize crop is har
vested (Jimenex et al. 1988). In many countries, it is 
most frequently found as avegetable accompaniment to 
ameal, or baked or masted a, astreet snack food. This 
role isby no means unimportant; daily consumption of 
baked sweetpotato on the streets of Jinan, China, is 
estimated as 4 tons (Wiersema et al. 1989). 

Table 2. Contribution (%) of sweetpotato and 
other selected foods to energy and protein 
intakes of Rwandese rural households, 
1986.
 

Food Energy Protein 

Sweelpotato 174 7.S 
Cassava 12.3 2.6 
Potatoes 3.5 2.6 
Bananas 8.2 2.5 
Banana beer 4.7 0.0 

Sub-total 46.1 15.2 

Legumes 35.2 71.3 
Cereal products 14.3 8.8 
Animal products 1.4 2.5 
Other 3.0 2.2 

-
Total 100 100 

Source. Ewel11988. 

The migration of large populations from the 
countryside to the city and the need to transport sweet
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potato long distances to urban markets has highlighted 
the need to explore solutions to problems of damagc and 
disease which have led to poor quality, wastage, and 
relatively high prices. An alternative to the problem of 
storage and one which also addresses the declining 
interest in sweetpotato in its fresh form is to process it, 
particulary by dehydration, into a variety of forms 
which are easy to store and transport, provide tasty, 
nutritious, and convenient foods forconsumers and lead 
to value added products for producers. 

Potential 

Until recent times sweetpotato, in common with other 
root and tuber crops grown by poor farmers in develop-
ing areas, was neglected in favor of international con
centration on research into yield and disease resistance 
improvement in cereals, particulary wheat and rice. 
However, with the realization that root crops such as 
sweetpotato constitute local resources (foods and in-
dus~rial raw materials) which can enhance self suf-
ficiency and food security in countries where the 
world's poorest people live, they have begun to receive 
the attention they deserve from international scientists 
and policy makers. Sweetpotato combines a number of 
advantages which give it an exciting potential role in 
combating the food shortages and malnutrition which 
may increasingly occur as aresult of population growth 
and pressure on land utilization. Grown from 40 ON to 
32 OS of the equator from sea level to 3000 m, wherever 
there is a guaranteed frost-free period of 4-6 months and 
relatively high temperatures during thic: time, it isoften 
the only crop surviving extremes of drought, flooding, 
or typhoons. Capable of yielding even in marginal con
ditions, the sweetpotato is one of the most efficient of 
crops in terms of the amount of food produced per unit 
area per unit time (Table 3). Yields still remain disap-
pointingly low in many tropical developing countries. 
However, the potential increase in yield which could be 
achieved, given the example of some countries like 
China, where yields increased from about 8 t/ha in 1961 
to 18 t/ha in 1985 (Horton 1988), and the exDerimental 
yields of 30-45 t/ha produced on research .,ations (Kay 
1987) means that sweetpotato is a crop of the future. 

Variability 

Roots may weigh from 0.1 kg to several kilograms, vary 
in skin color from white, brown, or yellow to red or 
purpli and in flesh color from white through various 
:hades of yellow to deep orange and even dark purple. 

Cooked roots owe their sweetness to the presence of 
amylases, enzymes which convert part of the starch 

Table 3. Yields of sweetpotato and other major
 
crops.
 

Crop Average tropical Days to Average yield 
yield (t/ha) harvest (kg/ha/day) 

Roots/tubers 

Sweetpotato 6.5 140 46.4 
Cassava 8.7 330 26.4 
Yam 7.0 280 25.0 

Legumes 

Beans 0.6 120 5.0 
Soybeans 1.3 100 13.0 

Cereals 

Rice 2.0 140 14.3 
Maize 1.2 130 9.2 
Sorghum 0.8 110 7.3 

Experimetal 
yields 

Sweetpotato 
roots 30.0 140 214.3 

Sweetpotato 
leaves 13.0 120 108.3 

Source: Woolfe 1989. 

present in root dry matter to sugars, mainly maltose. 
Clones vary greatly in sweetness, however, and sote 
do not develop sweetness even on cooking, due to the 
absence, in freshly harvested roots, of -amylase 
(Kumagai et al. 1990). Such lines hold out a promise of 
popularizing the sweetpotato as a bland tasting staple or 
snack food rivaling the potato (solanum tuberosu) in 
humid tropical areas where it is well adapted but where 
the potato does not thrive. 

Some people, especially in certain countries of Asia 

(e.g., Philippines, Taiwan) and Africa (e.g., Liberia, 
Mozambique, Sierra Leone, and Zare), eat the green 
tops as well as the root. The tops (part of the above 
ground prostrate vine), usually the tender leaf tips, 
younger leaves, or leaf petioles, are eaten as avegetable 
or salad green. Thus, sweetpotato yields two useful 
forms of food from the same plant, and can be eaten as 
a staple or vegetable food, a spinach or salad green, a 
sweet dessert, a variety of convenience processed 
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products, a fast food (french fries), a snack (chips), a 
multi-purpose flour, an alcoholic or non-alcoholic 
drink, astarch, and can be used as an animal feed or a 
basic industrial raw material. It therefore has tremen-
dous potential as a local resource which can be used in 
preference to imported crops and products thus enhanc-
ing self-sufficiency and savings on foreign exchange. 
Per unit area, it can provide a larger number of people 
with energy and certain nutrients than many other major 
crops (Table 4). 

Both roots and vines form an indirect food for 
humans by utilization as an animal feedstuff, especially 
for pigs, in China and elsewhere. Inthe Cafietc Valley 
of Peru, for example, an efficient production and 
marketing system has provided not only roots for human 
consumption, but has also enabled the establishment of 
dairy farming, which thrives in an area devoid of natural 
pasture land, by use of the vines for feeding purposes. 

In some countries, for example China, the sweet-
potato isalso an industrial material forming the basis of 
starch and alcohol industries (for both food and phar-
maceutical purposes) which relies on hundreds of in-
dividual small farmers who slice the roots up into chips
which are spread out to dry in the sun before being 
conveyed to a large factory for processing. Many 
Chinese sweetpotato farmers also process the roots into 
starch and starch noodles on a home or village scale 
(Table 5). This provides astorable source of food energy 
for use throughout the year. Systems that are success-
fully utilizing sweetpotato as a local food resource with 
potential beyond that of fresh root consumption could 

be studied by African countries and adapted to their own 
cultural patterns. 

Nutritional Value 

Apart from the advantages mentioned above in relation 
to its efficiency as a food crop, the sweetpotato has 
nutritional qualities which more than justify the increas
ing research efforts being 1devoted to its improvement 
and promotion as a food. Its sensory versatility and the 

variety of forms into which it can be processed mean 
that its composition should be compared not only with 
other starchy foods such a roots, tubers, and plantains, 
but also with awide variety of vegetablesand even with 
fruits. Malnutrition, in its various forms is widespread 
inthe world today. Dietary deficiencies in terms of both 

among the most
quality and quantity of food are still 

pressing problems in many African countries. The 
sweetpotato is well fitted to form part of any campaign 
to promote thorough food self-sufficiency. 

In Tables 6-10 inclusive, the energy and major 
nutritient contents of sweetpotato roots are compared 
with those of other basic staples, vegetables, and fruits, 
respectively. The values given in the tables should be 
taken as guides only; nutrient contents vary consider
ably with such factors as cultivar, climate, soil, and 
postharvest treatments, as in the caseof othercrops. The 
vaniation in nutrient content in sweetpotato has been 
described in considerable detail elsewhere (Woolfe 
1992). Sweetpotato is amoderately good energy source 
either cooked or as flour (Table 6). Incontrast to whatisusually thought of as the rather poor energy value of 

Table 4. Estimated number of people which one hectare can support per day in terms of major nutrients. 

Crop Energy Protein Vitamin A Vitamin C Iron 

Sweetpotato roots 
(6 t/ha) 
(30 t/ha) 

20 
92 

20 
92 

0-
0-

1,856 
8,565 

387 
1,786 

30 
138 

Leaves ( 13 t/ha) 23 93 542 1,444 325 

Roots and leaves 

( 14 t/ha + 13 t/ha) 
63 63 542  4,532 2,276 390 

Cassava 
Beans 
Rice 

13 
6 

14 

7 
27 
3! 

0 
0 
0 

264 
0 
0 

29 
38 
14 

Source: Woolfe 1989. 
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Table 5. Sweetpotato processing units in Sichuan, China 1989. 

Number 
of plants 

Processing capacity/ 
fresh roots per year 

per plant 
(000 t) 

Final 
product 

Total output 
per year 

(000 t) 

17 0.3-15 Starch 93 

> 200 0.1-0.3 Noodle & starch 67 

> 2000 
(village scale) 
Less than 0.1 Mainly noodle > 100 
(family scale) 

Source: Wiersema et at. 1989. 

roots and tubers, it has a similar energy value to foods 
such as rice and beans when these are cooked. It is a 
source of fiber (Table 7), containing both insoluble fiber 
which helps to prevent constipation, and soluble fiber 
which appears to play a favorable role in reducing blood 
cholesterol levels. Although the protein content is on 
average 1.5% of the fresh root weight, it varies widely, 
Arange from 0.46 to 2.93% of fresh weight was found 
among South Pacific lines (Bradbury and Holloway 
1988). Baked or as a flour, sweetpotato roots are a more 
concentrated source of protein than when boiled. 
Protein quality is good, and better than that of either 
maize or beans with which it is complementary. While 
capable of satisfying asignificant part of the energy and 
protein needs of an adult if eaten in large quantities, 
sweetpotato requires supplementation with more ener-
gy dense and protein-richer fool for small children 
whose appetites and capacities are limited. However, its 
satisfactory content of many essential vitamins and 
mineral (Tables 8-10 inclusive) makes it an attractive 
proposition as part of the diet for all age groups. Sweet-
potato contains significant quantities of the antioxidant 

nutrients B-carotene, vitamin C, and vitamin E which 
can quench singlet oxygen and inhibit the formation of 
free radicals which may be implicated in the develop
ment of coronary heart disease and cancer. These 
chronic diseases now increasingly affect aifluent sec
tions of society in developing as well P-s developed 
countries (WHO 1990). Research is conti ruing into the 
possible importance of the antioxidant nutrients in com
bating various nutritional diseases. If this is confirmed, 
foods such as sweetpotato may gain a higher nutritional 
profile a, a result. 

Sweetpotatoes are a valuable item to include in 
backyards or home gardens in developing countries as 
they are a source of nutrients that do not have to be 
purchased, and can significantly improve the nutritional 
value of family meals. As sweetpotato is adapted to the 
hot, humid tropics, it is easer to grow than many 
introduced western vegetables. Sweetpotato vines are 
more tolerant to extremes of climate than many other 
green leafy vegetables. The tops can be harvested con
tinuously over a number of weeks in contrast to many 

Table 6. Proximate composition of sweetpotato roots cooked or as flour (per 100 g). 

Energy Protein Fat Carbohydrate Dietary fiber 
(Kcal) (g) (g) (g) (g) 

Boiled 114 1.7 0.4 26.3 2.4 
Baked 141 2.1 0.5 32.5 3.3a 
Flour 336 2.4 0.7 79.2 

Source: Woolfe 1992. 
"Holland et al. 1991. 
nd: not determined. 
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commercially grown vegetables. Table II shows the 
valuable quantities of protein and riboflavin (vitamin 
B,) in sweetpotato leaf tips compared to other 
vegetables. Riboflavin isanother vitamin which isoften 
deficient in rice-based diets. A recent experimental in-
troduction of pot- or plastic bag-grown sweetpotato 
greens to urban slum dwellers in the Philippines (Vi-
llamayor 1991) holds out the promise of increasing
vegetable consumption even among the poorest sec-
tions of an urban society who have the minimum of 
conditions necessary to cultivate theirown food. Where 
acceptable to the growers, the pots or bags can be 
fertilized with human urine. Approximately 56 g of 
leaves can be harvested per pot every 10-15days.There-
fore if afamily has 10 pots they can harvest 50 gevery 
few days or so. Such aquantity of leaves can contribute 
to the protein, vitamins A.B.Ci, iron, and calcium needs 

of the family, 


Table 7.	Energy and protein in cooked plant foods 

(per 100 gedible portion). 


(Kistur (gPneeds 
(%) (Kcal) (contain 

Sweetpotato 

Roots (boiled) 71 115 1.5 

Roots (baked) 64 141 2.1 


Cassava 
(boiled)" 69 130 0.5 


Yam (boiled) a 67 114 1.5 

Taro (boiled)" 73 91 1.2 


Rice (boiled, 
white) 68 135 2.3 

Maize (porridge) 81 76 1.8 
Wheat (bread) 33 278 8.7Beans (boiled) 69 118 7.8 


Source: Woolfe 1992. 
"Holland 	et al. 1991. 

An outstanding characteristic of sweetpotato leaves 
and the flesh of deep yellow or orange clones is their 
content of B-carotene which is converted to vitamin A 
in the body. Vitamin A deficiency, le ding to eye 
problems of varying degrees of severity and resulting 
sometimes in complete blindness, is still aserious prob-lem ,m-,,,, children in about 40 countries. Lack of.......
' cThe 
vitamin A decreases resistance to infections and in-
creases mortality inthe young. The WHO (1976 and 
1982) have pointed out that vitamin A deficiency isstill 
prevalent in parts of Africa and may be more serious in 

some regions than others within aparticular country, or 
at certain seasons of the year than at others. In recogniz
ing the continuation of this widespread problem, the 
International Vitamin A Consultative Group, meeting in 
1989, stressed the need to improve diets and raise the 
level of vitamin A nutrition wherever in the world 
current intake is inadequate. Vitamin A as retinol occurs 
only in animal foods which are eaten infrequently, if at 
all, by many poor people. Green leafy vegetables and 
some fruits are rich sources of B-carotene. However, 
some leafy vegetables may not survive unfavorable 
climatic conditions and fruits may be seasonal or expen
sive. In some countries, sweetpotato leaves dre almost 
the only vegetable still on sale in the market after an 
event such as a typhoon or severe flood. Their other 
advantages were mentioned above. Sweetpotato roots 
are the only starchy staple which contains appreciable 
quantities of B-carotene. Regular intakes of about 100 g 
per day of deep yellow- or orange-fleshed roots havingmoderate concentrations of B-carotene (for example, 3 
mg/100g fwb), or of green tops, or amixture of the two 
in various proportions, would more than cover the dailyof most small children as long as their diets also 

a modest amount of fat (which is needed for 

adequate absorption of the vitamin). Unfortunately it is 
asad fact that vitamin A deficiency iscommon in some 
environments where sweetpotato leaves are readily 
available but not consumed. Yellow- or orange-fleshed 
roots are rejected by adults in many developing 
countries, including those of Africa, in favor of white
or cream-fleshed typeF. This may be because the orange 
roots are also those with the sweetest taste and mostsyrupy texture on cooking or hecause of the "carroty" 

flavor. The reason for local prejudices should be inves
tigated as a means to seek ways of overcoming resis
tance to consumption. Meanwhile, it would seem 
unlikely that adult prejudices extend to young childrenwho might actually prefer the sweet, soft orange roots 
if given the chance. Watson (1988) found that farmers 

she interviewed in one part of Indonesia certainly noted 
this preference in their children who ate more sweet
potato than they did. They therefore planted orange 
roots for their children to eat. Although this adoption of' 
the idea of children's foods isdifficult in many African 
countries, where achild issimply given part of the food 
from the family pot, carotene-rich cultivars could bepr m td b ex nso w rk sf ru easaci r ns 
promoted by extension workers for use as a childrens' 
snack or fillers. 

contributions of sweetpotato roots and leaves 
to the recommended daily intakes of selected nutrients 
for adults are shown inTable 12. As recommended daily 
intakes are set at levels which ensure that the needs of 
all but a very small proportion of a population are met 

226 



Table 8. Selected vitamins aad iron in cooked sweetpotato roots and other staple foods (mg per 100 g).a 

Staple 	 B-Carotene Thiamin Vitamin C Iron 

Sweetpotato (boiled)1 3.96" ' 0.09 17 0.7 
Ca,;sava (boiled) tr 0.04 17 0.5 
Taro (boiled) 0.03 0.05 7 0.8 
Yarn (boiled) tr 0.14 4 0.4 
Plantain, green (boiled) 0.345 0.04 12 0.6 
Bread, white 	 0 0.09 0 1.3 
Rice, white (boiled) 	 0 0.02 0 0.3 
Beans 	 0 0.11 0 2.4 

Source: Data on bread, rice and beans (Holland et al. 1991); all other data (Woolfe 1992). 
"Sweetpotato roots also contain significant amounts of riboflavin (B2), niacin, pantothenic acid, pyridoxine (B6), folic 
acid, calcium and phosphorus.

b'Orange-fleshed lines. Values for lines of all flesh colors range from 0 to about 20 mg/100 g (Woolfe 1992). 

Table 9. Selected vitamins and iron in sweetpotato roots and other vegetables (mg per 100 g raw). 

Vegetable B-Carotene Thiamin Vitamin C Vitamin E Iron 

a
Sweetpotato 1.8 - 16 0.10 23 4.56 0.7 
Carrots 4 - 11 0.06 6 0.56 0.6 
Onions 0.0 0.03 10 0.31 0.3 
Tomatoes 0.6 0.06 20 1.22 0.4 
Okra 0.09 0.10 25 nd 1.0 
Pepper (green) 0.27 0.01 120 0.80 0.4 

Source: 	Data from Woolfe (1992) except information on pepper,fi-carntenefo"-sweetpotato and carrots, and Vitamin E 
(Holland et al. 1991).

"Orange-fleshed lines. 
nd: not determined. 

Table 10. Composition of sweetpotato roots and selected fruits (mg per 100 g). 

Fruit/Root 	 &-carotene Thiamin Vitamin C Vitamin E 

Sweetpotato (fresh)" 1.8 - 16" 0.09 24 4.56 
(sweet sour, dried) 7.8 nd 7 nd 

Apricots (fresh) 1.0- 2.4 0.04 7 nd 
(semi-dried) 0.55 tr I nd 

Mangos (fresh, ripe) 0.35- 13.0 0.03 37 1.05 
(canned) 1.47 0.02 10 0.64 

Oranges (flesh only) 0.03 0.11 54 0.24 
Pawpaw (fresh) 0.2 - 1.5 0.03 52 nd 

Source: Data from Wool/e (1992) except fl-caroteneand Vitamin Efor sweetpotato; information in semi-dried apricots, 
canned man ios, oranges.from Holland ei al. (1991); and data on sweet sour, dried sweeipotatofron Truong (1989).

"Orange-fleshed lines. 
nd: not determined. 
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Table 11. Protein and selected vitamins and minerals in sweetpotato leaves and other leafy and non-leafy 
vegetables (mg per I04 g). 

Vegetable Protein 13-Carotene Riboflavin Vitamin C Iron Calcium 
(Vitamin B2 ) 

Tropical lea.' 
Sweetpotato 2.9 2.7 0.35 55 1.8 150 

Amaranth 2.8 
(2.3-7.0) 

6.5 
(0.29 -0.41) 

0.22 
(32 -136) 

23 2.8 176 
Taro 3.3 5.5 0.34 63 0.95 96 

Tropical non-leafy 
Okra 2.8 0.09 0.10 25 1.0 70 
Cho cho 0.7 0.05 0.03 15 0.4 16 

Temperate
Cabbage 1.7 0.39 0.02 49 0.7 52 
Carrot 0.7 4-I I 0.01 6 0.6 48 
Lettuce 1.0 0.36 0.08 15 0.9 23 
Tomatoes 0.9 0.64 01.01 20 0.4 13 

Source: 	Data from Woolfe (1992), exceptfor cho cho, cabbage and fl-caroteneand Riboflavin for carrot and tomatoes, 
taken from Holland et al. (1991). 

they are above what many people actually need. There- encourage the preparation of a range of tasty and 
fore sweetpotato may make greater contributions to nutritious dishes. 
individuals needs than shown, depending on the nutrient 
content of a particular sample. Processing 

The high nutritional value of sweetpotato could be 
used as avaluable tool for improving its popularity and At present a significant proportion of the sweetpotato 
encouraging renewed utilization. Promotion of sweet- crop is devote to processing in only a few countries, 
pollto should start with the young, for example by most notably China and Japan. Processing holds a key 
encouraging its cultivation in school gardens or farms, role in the preservation of a very perishable commodity 
and featuring it in home economics classes, in order to with (in some areas) a highly seasonal production lead-

Table 12. Percentage of adult recomended daily intakes of selected nutrients provided by 100 g of cooked 

sweetpotatos roots or 85 g of cooked sweetpotato leaves. 

Vitamin A Thiamin Riboflavin Vitamin C Iron Calcium 

Male 0-more than 4 8 60 2-7 4-5 
100 

Female 0-more than 6 II 60 1-4 4-5 
100
 

TOPS 
Male 40 5 13 30 7-20 26-31 
Female 50 7 18 30 0-10 26-33 

Source: 	Woolfe 1992. 
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ing to gluts, dearths, and strong price fluctuations. How-
ever, it also promises to transform sweetpotato into 
forms which offer diversity, nutritional value aild con-
venience, thus widening its appeal to consumers from 
different strata of society, especially in countries when 
the fresh items have a poor image. Moreover, "fruity" 
processed products made from deep yellow- or orange-
fleshed roots may stand abetter chance of success with 
consumers than the fresh form in regions where adults 
prefer white-fleshed roots or where there is a cultural 
resistance to eating the green tops. 

Sweetpotato roots can be processed into an ex-
tremelv wide variety of products ranging from starch 
and alcohol and multiple derivatives of these two items 
(for example, citric acid, sugar syrups, monosodium 
elutarnlte) to snack foods, candies, soy sauce, and even 
a food coloring agent (either B-carotene from orange-
fleshed roots or the anthocyanin pigments extracted 
from deep purple roots). Leaves could be canncd or 
dried and petioles pickled. The many and varied forms 
of products potentially a' !ilabl. from sweetpotato have 
been exhaustively reviewed elsewhere (Woolfe 1992) 
and only afew examples will be given here. The sweet-
potato, by the nature of its myriad root characteristics, 
lends itself to processing into desserts as well as savory 
items. One vry practical use is its direct incorporation 
into bread. The commercial production of bread in 
which grated raw sweetpotato roots replace about 30% 
of wheat flour began in Peru (see Woolfe 1992). This 
was followed by research into asimilar type of produc-
lion in Burundi in 1990, which resulted in the adoption 
ffthe process by asuburban bakery, and in Cameroon 
in 1991. Preliminary tria!s in Cameroon indicate that 
producing sweetpotato bread provides a better income 
for the bakery and a lower price for consumers (CIP 
1992). The possibility of utilizing sweetpotato-wheat
composite flours for making bread and other baked 

goods has also been investigated in Ghana (Bortey 
1982: Osei-Opare 1987). This process, if adapted on a 
larger scale in these countries and elsewhere in Africa, 
could be a valuable means of conserving foreign ex-
change at pre::f'"., spent on importation of wheat from 
abroad. The nutritional value of the bread can be im-
proved by using orange-fleshed sweetpotato as the par-
tial wheat substitute. Such a bread can be eaten by 
school children or other vulnerable groups. Purded or 
mashed sweetened roots can be used as an inexpensive 
stuffin for cakes and pastries. In the Philippines, re-
searchers have focused on converting orange-rleshed 
roots into fruity products. These include adried sweet 
and sour sweetpotato, which can be eaten in the same 
way as dried apricots, peaches, or mangos (and has a 

similar nutritional value - see Table 9). Catsup,jam, and 
a nutritious non-alcoholic beverage have also been 
prepared (Truong 1989 Truong and Fementira 1990). 
In Taiwan, -paghetti-type noodles have been made by 
replacing apercentage of the wheat flour with white or 
oiange fleshed cultivars or by incorporating sweet
potato leaves in the same way that spinach is added to 
pasta in Europe (Woolfe 1992). Orange or purple
fleshed sweetpotato has been added to ice cream in 
Japan (Woolfe 1992) and to yogurt in the USA (Johnson 
et al. 1991). At an international conference on sweet
potato held at Tuskegee University, USA in 1991, an 
entire lunch for all the delegates was prepared from 
sweetpotato dishes and an attractive display of 
processed products (chiefly from small enterprises) 
from around the world was arranged. Researchers inthe 
USA have recently devised a snack chip from yellow
orange sweetpotatoes ,'ch contains 4.8% protein, 
A..6% fiber, 70% carbolydrate, and 80% of the adult 
daily requirement for vitamin A (Anon. 1993). 

Processing does not have to be sophisticated. The 
example of the hundreds of small farmers in China who 
process sweetpotato into starch and starch products on 
a home or village level has already been mentioned. 
Such processing could well be adopted elsewhere. Ex
perimental production of flour and starch using tech
nologies which could be adapted for small-scale 
industries and farmers has been carried out in Nigeria 
(Ukpabiand Ene 1991).Aseriesoftoolsandequipment, 
for producing and drying root chips or cubes, that is 
suitable for use by small-scale rural industries has been 
developed in the Philippines (Truong and Guarte 1985). 
Pedal-operated peeling and slicing of roots is followed 
by blanching and then drying in equipment heated by 
bumring wastes such as coconut husks. 

However, if processed products are to contribute to 

the nutritional well-being of consumers, care has to be 
taken to limit the destruction of nutrients during 
processing. Drying of sweetpotato leaves could provide 
adry season stock of vegetables, but isof little value if 
essential vitamins are lost. Solai drying by exposing 
sweetpotato leaves to direct sunlight destroys most of 
the ascorbic acid and B-carotene. Research carried out 
in Africa showed that the retention of carotene, but not 
ascorbic .acid, was ;mproved by enc)osing the solar drier 
and providing shade (Maeda and Salunkhe 1981 and see 
Table 13) More investigations of this kind are needed 
to overcome the problems of food preservation on a 
small scale. (The estimated contributions which some 
processed products make to daily nutrient needs are 
shown in Table 14). 
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Table 13. Carotene and Vitamin C in fresh and dried sweetpotato leaves. 

Treatment Carotene Retention Vitamin C Retention 
(mg/ I00g ) (%) (mg/]00g) (%) 

Fresh leaves 49.6 100.0 1,374.0 100.0 
Dried leaves" 
Enclosed solar drier 
(with shade) 16.9 34.1 22.5 1.6 
Enclosed solar drier 
(without shade) 5.2 !.j.j 19.0 1.4 
Open sunlight 2.1 4.2 30.7 2.2 

Source: Maeda and Salunkhe (1981).
'Blanched before drying.
 

Table 14. Contribution (%) of 100 g of processed sweetpotato to the adult (male) recommended daily
 
amounts of various nutrients. 

Protein Vitamin A Thiamin 

RDA 37g 600 mg 1.2 mg 

Flour 10 0 - >100 20 

Flakes dry 10 0 - >100 5 

prepared 3 0 - >100 2 


Steamed,
 
sliced,
 
dried 10 0 - >100 20 


Candied 20 - >100 2 

Dried 
"fruit-like" 
product 3 >100 nd 

Source: Calculatedfrom data in Woolfe 1992. 

The very special food attributes of sweetpotato 
,hould prove an incentive to researchers in many 
countries to overcome agronomic, culinary and socio-
economic problems so that sweetpotato can achieve its 
potential to contribute variety and nutrition to diets 
world-wide. 

References 

At.on. 1993. Adding nutrition to snack foods. Food Eng.
Ar on.Addg nand: 24, 


65 (1): 24, 30. 


Ribo- Niacin Vitamin C Iron 
flavin 

1.8 mg 19.8 mg 30 mg 5-15 mg 

10 8 17 20-40 
10 8 150 25-50 
2 2 40 7- 12 

5 9 30 25-50 

2 2 20 13-22 

nd nd 25 nd
 

Belehu, T. 1988. Sweetpotato production, research and 
future prospects in Ethiopia. In International 
Potato Ce,,tr (ed). Improvement of sweetpotato 
(Ipomoea batalas) in East Africa. Report of the 
workshop on sweetpotato improvement in 
Africa. Held at ILRAD, Nairobi, Kenya. Septem
ber 28-October 2, 1987. International Potato 
Center (CIP). Lima, Peru. 

Bonsi. C., W. Hill, D. Mortley, P.Loretan, C. Morris,E. Carlisle. 1992. Systems for growing 
sweetpotatoes for space missions. In Hill, W.A., 

230 



C.K. Bonsi and P.A. Lcretan (eds.). Sweetpotato 
technology for the 21 st century. Proceedings of 
an international symposium. Tuskegee Univer-
sity, Alabama, USA. June 2-6, 1991. Tuskegee
University, Alabama, USA. 607 p. 

Bortey, F. 1982. Yeast bread with three different 
preparations of sweetpotatoes - cooked, mashed, 
drum-dried and sun-dried. Unpublished disserta
tion. Home Science Dept., University of Ghana. 
Legon, Ghana. 

Bradbury, J.H. and W.D. Holloway. 1988. Chemistry of 
tropical root crops: significance for nutrition and 
agriculture in the Pacific. Australian Center for 
International Agricultural Research (ACIAR) 
Monograph Series No. 6. Canberra, Australia. 

International Potato Center (CIP). 1992. Annual Report. 
CIP. l.ima. Peru. 

Ewell. 	PT. 1988. Trip report, Rwanda. Mimeo. Interna-
tional Potato Center (CIP). Lima, Peru. 

Holland, B., I.D. Unwin, D.H. Buss. 1991. Vegetables. 

herbs and spices. The fifth supplement to Mc-

Cance and Widdowson's The Composition of 

Foods, Royal Society of Chemistry. Cambridge, 

UK. 

Hlorton, D. 1988. Underground crops. Winrock Interna- toD 

tional. Morrilton, AR, USA. 


Jimenex, H., W. Helmskenk, and E. Nunes. 1988. 
Recent research on sweetpotato in Mozambique. 
In International Potato Center(ed). Improvement 
of sweetpotato (ipomoea batatas) in East Africa. 

Report of the workshop on sweetpotato improve-
ment in Africa. Held at ILRAD, Nairobi, Kenya. 
September 28-October 2, 1987. InternationalPotato 	Center (CIP). Lima, Peru. 

Johnson, L.D., S.K. Hunt, R.L. Colvin, and V.T. Moor-
man. 1992. Consumer acceptability of sweet-
po:ato yogurts. In Hill, W.A., C.K. Bonsi and 
P.A. Ltretan (eds.). Sweetpotato technology for 

Kumagai, T., Y. Umemura, T. Baba, and M. Iwanaga. 
1990. The inheritance of-amylase null in storag,; 
roots of sweetpotato, ipomoea batatas (L.) L,-n. 
Theor. Appl. Genet. 79 (3): 369-76. 

Maeda, E.E. and D.K. Salunkhe. 1981. Retention of 
ascorbic acid and total carotene in solar dried 
vegetables. J. Food Sci. 46 (4)' 1288-90. 

Osei-Opare. 1987. Acceptability, utilization and 
processing of sweetpotatocs in home and small
scale industries in Ghana. In Terry, E.R., 
Akoroda, M.O. and Arene, O.B. (eds.). Tropical 
root crops: root crops and the African food crisis, 
Proceedings of the Third Triennal Symposium of 
the International Society for Tropical Root Crops 
- Africa Branch. International Development Re
se rch Centre (IDRC). Ottawa, Canada. 

Truong, V. D. 1089. New developments in processing 
sweetpotato for food. In K. T. Mackay et al. 
(eds.) Sweetpotato research and development 
for small farmers. Proceedings of the internation

al sweetpotato symposium conducted May 20

26, 1987 at the Visayas State College of 

Agriculture (ViSCA), SEAMEO-SEARCA.Leyte, 
Philippines. 

Truong, V. D. and G.B. Fermentira. 1990. Formulation, 

consumer acceptability and nutrient content ofnon-alcoholic beverages from sweetpotato. In 
Tropical root and tuber crops changing role in a 

modern world. Proceedings of the 8th Sym
posium of the International Society for Tropical 
Root Crops, Oct 30-Nov 5, 1988. Bangkok, 
Thailand. 

Truong, V. D. and R.C. Guarte. 1985. Root crop process
ing tools and equipment./, Root crops. Annual 
igtosadeupet ~Ro rp.Ana 
report of the Philippine Root Crop Research and
Training Center. Visayas State College of 
Agricultural (ViSCA), Baybay, Leyte. Philip
pines. 

Ukpabi, J. and L.S.O. Ene. 1991. Farmgate production 
of sweetpotato flour and starch: A Nigerian exthe 21 st century. Proceedings of an internationalofsettaourndtrc:ANgiae

symposium. Tuskceed s Alabama,University 
•uAl 

USA. June 2-6, 1991. Tuskegee University. 
Alabama, USA. 607 p. 

Kay, D.E. (revised by E.G.B. Gooding). 1987. Root 
crops. Crop and product digest No. 2, second 
edn, Tropical Products Institute. London (now 
Natural Resources Institute, Chatham). London, 
UK. 

perience (poster). In Hill, W.A., C.K. Bonsi and 
P.A. Loretan (eds.). Sweetpotato technology for
the 21stcentury. Proceedings o an international 
symposium. Tuskegee University, Alabama, 

USA. June 2-6, 1991. Tuskegee University, 
Alabama, LISA. 607 p. 

Villamavor, F.G. 199 1. Camote tops pot gardens for the 

slum dwellers of Tacloban. In UPWARD 1991 

231 



Sweetpotato cultures of Asia and the South 
Pacific. Proceedings of the 2nd annual UPWARD 
international conference. Los Bafios, Philip-
pines. 

Watson, G. 1988. Sweetpotato in food systems. Mimeo. 
International Potato Center (CIP), Lembang Hor-
ticultural Research Institute. Bandung, In-
donesia. 

Wiersema, S.G., J.C. Hesei, and B.F. Song. 1989. 
Report on a sweetpotato postharvest advisory 
visit to the People's Republic of China. Mimeo. 
International Potato Center (CIP). Lima, Peru. 

Woolfe, J.A. 1989. Nutritional aspects of sweetpotato 
roots and leaves. In Improvement of sweetpotato 
(Ipomoea bataras) in Asia. Report of the 
workshop on sweetpotato improvement in Asia. 

Held at ICAR, Trivandrum, India. October 24-28, 
1988. International Center of Potato (CIP). Lima, 
Peru. 

Woolfe, J.A. 1992. Sweetpotato - an untapped food 
resource. Cambridge University Press (publish
ed in Collaboration with the International Potato 
Center, Lima, Peru), Cambridge, UK. 

World Health Organization (WHO) 1976. Vitamin A 
deficiency and xerophthalmia. Tech. Rep. Ser. 
No. 590. WHO. Geneva, Switzerland. 

1982. Control of vitamin A deficiency and 
xerophthalmia. Tech. Rep. Ser. No. 672. WHO. 
Geneva, Switzerland. 

1990. Diet, nutrition, and the prevention of 
chronic diseases. Tech. Rep. Ser. No. 797. WHO. 
Geneva, Switzerland. 

232 



Product Development for Sweetpotato in Rwanda
 

DavidG. Tardif-Douglin' 

Abstract 

Detailed analysis of current production, consumption, and marketing practices in Rwanda indicate that 
considerable potential for expanded utilization of the crop currently exists. Furthermore, given population 
growth and the shrinking agricultural frontier, Rwandese farm households need improved methods for 
reducing postharvest losses and generating value added from the crop that they harvest. This paper 
examines various alternatives for storage and processing for sweetpotatoes. The results indicate that 
innovations in these two fields are both technically feasible and economically attractive. 

Key words: storage, processing, marketing, economics. 

Introduction 

Research into storage and processing techniques is 
probably the single most important contribution that can 
he made to the expansion of sweetpotato utilization in 
Rwanda because it can address the twin constraints of 
bulkiness (low unit value) and perishability that under-
lie many of the other postharvest problems. Research 
into storage could extend the advantages offered by 
storage to the marketing chain, and could provide farm-
ers with alternatives to the in-ground storage they al
ready practice. Processing has the greatest potential for 
developing the market, by virtue of it. likely effects on 
bulkiness and perishability. 

Storage 

There isno long---or even intermediary-term posthar-
vest storage of sweetpotatoes in Rwanda. Some very-
short-term storage, geaerally overnight warehousing, is 
done by retailers, and was the only kind we encountered 
during our field work. Otherwise, what storage there is 
occurs in the field as part of attempts by farmers to 
ensure continuous food supplies, 

In-Ground Storage 

The only kind of storage regularly practiced in Rwanda 
is in-ground storage, by which farmers keep unhar
vested, mature sweetpotatoes in the field until they are 
needed for consumption or sale. By planting the first 
hillside crop between September and January, the sec
ond crop between March and May, and the bottomland 
crop between April and July, and engaging in in-ground 
storage, they can be sure of year-round availability. 

Sweetpotatoes mature after four to six months, 
depending on the varieties and climatic conditions. 
After that, they can be left in the ground unharvested for 
as long as 12 months if conditions are ideal, e.g., well
drained soil and lack of pt.its and disease vectors 
(Ndamage 1988). The normal duration of in-ground 
storage isthree to four months after maturity (Preissler 
1986). 

In-ground storage is appealing primarily for its 
ability to provide farm households a constant supply of 
food. It also provides a continuous supply of planting 
material. In-ground storage is, to some extent, a by
product of the strategy of continuous planting and piece
meal harvesting. Piecemeal harvesting supplies the 
necessary cuttings for continuous planting, which in 

Agricultural Economist. Development Alternatives Inc. (DAI). c/o Divisiondes Statistiques Agricoles, MINAGRI. B.P. 621 (Kacyiru), 
Kigali. Rwanda. 
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turn provides the necessary outlet for cuttings. If har-
vesting were done all at once, a large field would be 
needed to accommodate the cuttings. 

In spite of its benefits, in-ground storage has costs 

and limitations. After matiuration anumberof problems 

begin to appear in tubers that are left in the ground. The 

most important are (De Lannoy 1988): 


" 	Diseases, which are especially problematic in wet 

and poorly drained soils;
 

* 	Pest infestations (weevils, termites, nematodes, and 
roes), whichstaton e e eryite, heat and,rdents), which can become very heavy and causelarge losses; 

" 	Germination, which destroys their commercial value; 
and 

* 	Cracking and increasing amounts of inedible fiber, 

which leads to spoilage and loss of eating quality. 

Unfortunately, it is not clear when these problems 
becom. serious under Rwandan conditions, nor when 
they render in-ground storage impracticable. No esti-
mnates have been made of' their magnitude, so no cost 
estimates can be_made. 

The costs of in-ground storage are the costs of not 
heing ible to use the land for the next best alternative 
and the costs associated with the deterioration inquality, 
described ahove. 2 At the ven' least, one alternative 
would be fallow, o0 a short resting of the land for 
improved productivity later. This is an alternative that 
is always po)ssible but not always most profitable; itrepresents the minimum opportunity cost of in-ground 

s nt he 

The opportunity cost depends on the alternative 
uses of the land, which depend on the type of field 
(bottomland or hillside), the season, and the available 
technology. Rwandan agriculture is primarily rainfed; 
hillsid" fields xclusively so. Bottomland fields have
drairage and mqited irrigation that enable them to bedrai~agite and*1 nabe thm tirrgaton tat beThe 
used in the dry seasons as well as during parts of the wetseaso)n, 

Land freed up from storage in hillside fields is most 
likely to be used only for new crops of sweetpotatoes 
because farmers relegate the least fertile of their farm-

land to sweetpotatoes. Furthermore, because hillside 
agriculture is purely rainfed, planting and harvesting 
periods for more demanding alternative crops, such as 
sorghum and beans, are sharply defined. In the absence 
of irrigation, it is difficult for farmers to successfully 
plant beans or sorghum on hillsides outside of a fairly 
limited period at the beginning of the rainy season. 
Consequently, the most likely alternative to in-ground 
storage of sweetpotatoes is the establishment of a new 
crop of sweetpotatoes. 

Bottomland fields are more versatile in types of 
crop as well as timing of planting. Their greatest lin.itation is tilonding, which is most problematic .t theheight of the long rains. Other than sweetlpotatoes, the 

crops most often planted on bottonland fields are beans 
and sorghum, which are generally considered preferred 
crops. Beans are planted in the bottomland at the onsetof the dr', season at about the same time sweetpotatoes 
are d . Wen o u ms cti ve the 
are planted. When sorghum is cultivated in the 

bottomlands, it is planted in the same months (Septem
ber through October) that the bottomland crop of 
sweetpotatoes is being harve,:ed and, in some cases, 
stored in the ground. Early harvesting of sweetpotatoes 
could free up land for a larger sorghum crop and for 
earlier planting; it could also enable aaother crop of 
sweetpotatoes to be planted. 

Opportunity costs will differ, depending on which 
crop could be planted. Computations presented inTable I 
suggest the opportunity cost is greater when 
sweetpotato cultivation is an alternative to in-ground 
storage. The opportunity cost of using 2.5 ares of land 
for in-ground siorage for two months when sweetpotato
cultivation isan alternative is a little over twice as muchas 	 it would be when sorghum is the sole alternative. 
This is because two months represents a larger propor
tion of time to maturity !*or sweetpotato, and conse
quently the expected value at maturity is multiplied by 
a larger fraction, and because sweetpotato has higher 
yields. 

costs of losses from diseases and pests isharder
th csts o losses rom iee ad es t heto 	quantify, no enquiries having been made about the

magnitude of such losses in Rwanda. What is known is 
that they become greater the longer tubers are kept in 
the ground. Not including losses, the opportunity cost 
of leaving a 2.5 are field of sweetpoiatoes unharvested 

- There are also the costs of losses associated with in-ect infestation and the other problems listed above, which become propressively 
worse the longer tubers are left inthe ground. 
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Table 1. Components of opportunity cost of using 2.5 ares .:r two months of In-ground storage of 
sweetpotatoes under two crop alternatives in Rwanda. 

Two month 
Value at share of 

Alternative Yielda Price harvest Months to Percent expected valuec 
Crops Field (kg) (franc/kg) (francs) mature maturityb (francs) 

Sweetpotato Hillside & 200 9 1,800 5 40 720 
bottomland 

Sorghum Bottomland 30 27 810 6 33 270 

Source: Tardif-Douglin 1991.
abased on per hectare yields of 8,000 kg and 1,200 kg for sweetpotato and sorghum, respectively. 
/'Number of months required for crop maturation, divided by two months of in-ground storage. 
"Expected harvest value, kilogram yield multiplied by price/kg, multiplied by percent maturity (two months in-ground stor

age divided hy months to mature) gives the expected two month share of harvested value. 

for two months after maturity is probably 270-700 
francs in the expected value of alternative crops. 

Alternative Methods of Storage 

There are two broad categories of alternative methods 
of storage that might be considered and provided as 
options for farmers and other intermediaries. One is the 
storage of tubers that are essentially fresh and unpro-
cessed aside from aprocedure called curing. The other 
entails processing tubers into forms that are less perish-
able (dehydration, canning, and so forth). Systems of 
fresh tuber storage are considered in this section, pro
cessing in to,1subsequent section. 

Curing in preparation for storage. Curing is an es- 
sential first step in any but the shortest-term fresh tuber 
storage systems, and alimited amount occurs naturally 
immediately at harvest. Under controlled temperature 
and humidity conditions, the naturally occurring latex 
in the sweetpotato issecreted to forn a protective cov-
ering over any wounds to the tuber, hardening the skin 
in the process and making it more resistant to damage 
(Winaro 1982). 

Although curing isdone in developed countries as 
amatter ot course, it usually involves relatively capital 

intensive procedures impracticable in Rwanda.3It can 
bedone simply. An Institutedes Sciences Agronomique. 
du Rwanda (ISAR) study suggests this approach: as 
soon as sweetpotatoes have been harvested, cleaned, 
and sorted, they should oe placed in crates or baskets, 
covered with plastic sheeting, and placed over contain
ers of water. By doing so the temperature (27 to 30*C) 
and relative humidity (85-90%) necessary for curing 
can be achieved (Ibid.). For optimal storage results, 
curing should be done for four to five days. The study 
also reviews alternative methods of storage. The two 
that seem most promising for Rwanda are underground 
silos and aerated mound silos (De Lannoy 1988). 

Underground storage. Underground storage, not to 
be confused with the in-ground storage strategies 
currently employed by producers, has the potential of 
conserving tubers for up to four months if conditions 
are ideal (undamaged tubers and proper temperature 
and relative humidity). Under normal conditions, tubers 
can be preserved for one to two months (Ibid.). To 
store 200 kilograms of sweetpotatoes, or the yield of 
2.5 ares, a pit one meter deep by 80 centimeters in 
diameter is dug and lined with a layer of straw. The 
pit is filled with tubers, alternating layers of tubers 
with layers of straw, and covered with a layer of dry 
leaves, 25 cm of earth, and more straw to ensure that the 
pit stays dry. 

Swcctpotatocs intended for the fresh tuber market are harvested, cleaned, and immediately placed inclimate controlled (temperature 
and humidity) rooms for curing. After curing they are generally removed to storage rooms where they remain at cool temperatures 
until they are to be placed on the market. 
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In Cameroon, selected undamaged (but, apparently 
uncured) tubers are first dried in the shade while a pit
lined with alayerof ash isprepared into which the tubers 
are to be placed. After filling the pit with alternating 
layers of tubers and ash, it issealed with alayer of straw 
and earth. Average losses from respiration, insect infes-
tation, and rotting have been found to be 30% after four 
months (Kwatia 1988). They would be less if tubers 
were first cured. Elsewhere, cured tubers have been 
found to lose about one-third the weight lost by uncured 
tubers during storage (Booth 1974). Similar systems 
are reported in Zimbabwe and Malawi (Ibid.). 

Mound storage (clamps). To create amound silo for 

the storage of the same amount of sweefpotatoes, a 0 

cm high mound of tubers is formed on a bed of straw 

1.2 m in diameter, and covered bv a20cm layerof straw 
and a 15 cm layer of earth. A straw chimney isplaced
vertically in the middle of the mound to eliminate ex-
cessive buildup of heat. The chimney iscovered with 
screening and an overturned earthen pot to keep rodents 
and rain out. For proper drainage atrench 30 cm deep 
is duv around the mound. Storage in mound silos 
substantially improves aeration over underground stordgeandiswelonsderesite to he ighand ofThe 
trpical Afric, where the climate is cool. Mound silos 

can conserve tubers for 30-50 days (DeLanno' 1998). 

Both underground and nound storage technologies 
appear technically feasibl for Rwandan producers. 
The placement ot" underground silos would be moreC, 
restricted than that for mound silos. It would be impera-tive that soil conditions not be excessively wet, and that 

soils drain well, which would probaibly preclude placing
silos near bottomland fields. As long as agood drainageditcmondisproided plaediloscoud b ny-
ditch is provided, mound silos could he placed an-
where. For security, however, silos of either type would 
probably be placed most frequently on the hillsides or 
hilltops where farmers have their compounds. 

It is also extremely important that tubers be handled 
carefully and as little as possible. Any bruises or cuts 
from harvesting or through insect infestation will accel-
erate the rate at which tubers deteriorate. Furthermore, 
the optimum temperatures (between 13C and 16"C) at 
which sweetpo)tatoes should be stored tend to be lower 
than normal temperatures found in much of Rwanda's 
sweetpotato growing region.4 It isnot clear whether the 
necessary temperatures could easily and cheaply be 
achieved by either method, 

Cost Comparison 

The costs of in-ground storage and alternative 
methods are roughly equivalent. No previous attempts 
have been made to determine what the costs of fresh 
tuber storage would be. The author has estimated in
vestment or start-up costs for storage systems capable 
of handling 200 kilograms of sweetpotaioes to be 2,600 
francs: 

2 large wooden crates @800 francs 1,600 f 
2 plastic basins @300 francs 600 f 
Plastic sheeting 200 f 
Straw 50 f 
Screening 100 f 
I Earthen pot @50 francs 50 f 
Total 2,600 f 

This is a large cash outlay for the average farm 
household whose net annual cash income is 22,000 
francs (Rwanda 1988), and would be one of the first 
hurdles to he cleared, possibly through government 
assistance. 

equipment cost associated with each time 200 
kg of sweetpotatoes are stored is 400 francs. This isbased on the assumption that crates, basins, and screening could be used 10 times before replacement, that 

plastic sheeting could be used twice, and that the other 
equipment would have to be purchased every time asilo 
was prepared. Labor costs are harder to quantify. Wehave estimated the labo)r requirements for curing and 
haveiestimated th veas fcuringadstoring 200 kg to be five man-days. Calculated at adaily
rural wage rate of between 30 francs and 60 francs, labor 
costs would be in the range of 150 to 300 francs.Together, labor and equipment costs would be between 
550 and 700 francs. The costs in francs of in-ground 
and alternative methods of storage are roughly equiva
lent: 

In-Ground Alternative 
methods 

Value of forgone Equipment 400 
production 150-300 

(sweetpotato) 700 Labor 550-70 

This also assumes, in the absence of data to the 
contrary, that storage losses are equivalent. It is most 
likely, however, that losses from alternative methods 

4Temperatures inthe Central Plateau average between 18"C at the higher elevations and 22'C at lower elevations. 
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would be larger, especially during a learning period. Ai-
ternative methods alsocarry relatively large start-up costs. 

Risk of losses is the most likely impediment to 
adoption of alternative methods of storage, or to the 
replacement of"in-ground storage by them. 5 It is up to 
research and extension services to develop simple, low-
loss nethods and to establisn the probability of losses, 
It appears, nonetheless, that sweetpotato storage at the 
farm level is at a threshold. Rapid population growth is 
creating pressures for greater intensification. As farm-
inct intensifies, and with itchanges occur in agricultural 
technology such as irrigation and adoption of early 
maturing varieties, the opportunity cost of in-ground 
storage is likely to increase md before long exceed the 
cost of alternative methods. Inpreparation for that time, 
research should be ready w th well-tested alternatives 
well-suited to Rwandan conditions. 

Processing 
Fresh tuber storage addresses only the perishability 
problem, and even that in only a limited way; it is 
unlikely that tubers could be stored longer than three or 
lourmonths. Storage would have little effect on the cost 
of transportation. An answer to both bulkiness and 
perishability problems is processing-making new, 
higher-value products that are less bulky and easier to 
handle and transport. The kinds of processing wc em-
pha:ize are those that also have a relatively simple 
storage component to them like chipping and milling as 
well as those that are likely to produce foods that will 
be accepted in the urban and possibly the rural diet. 

Acceptability and uses 

The success cassava flour has had in the urban areas of 
Rwanda, particularly Kigali, suggests sweetpotato flour 
or meal might have similar acceptability, because it can 
be used in similar ways. Using flour to make afouftu 
or uiali is accepted in the urban diet. Cassava flour is 
a relatively new product in Rwanda. Cassava was in-
troduced, or at least promoted and widely expanded, as 
a famine crop by the Belgian administration, but has 
begun to gain importance as a food, especially recently 

in the cities. Production and consumption have grown 
faster than that for any other crop in large part because 
of the advantages cassava flour affords to the marketing
chain and ultimately the urban consumer. 

Nine out of 10 urban households eat cassava flour, 
nearly all of which is purchased (Rwanda 1985). The 
average annual value of household consumption of 
cassava is 5,500 francs, of which flour represents two
thirds. Unfortunately, the study does not yet have fig
ures on actual household consumption, nor on prices 
used in the estimate. Rural households consume 
roughly 200 kg of cassava flour annually. Having 
smaller households, but higher propensities to consume 
cassava flour, urban households probably consume as 
much if not more than their rural counterparts. 

Dried sweetpotato chips could be reconstituted, 
boiled, and eaten that way, or they could be pounded or 
milled into a kind offouJou, to be eaten with beans and 
sauce, much as isdone with cassava flour. There are 
other uses to which sweetpotato flour could economi
call,' and acceptably be put. It could find use, mixed 
with other flours, as an ingredient in the simple mar
ket pastries, doughnuts, and muffins that are becom
ing more and more important in urban and rural 
markets. 6 

Sweetpotato flour might also have cornmercial po
tential as a low-cost extender in bread making, much as 
manioc flou has been used periodically elsewhere in 
Africa. Whon sweetpotato is used, the optimal mix for 
bread making is 20% sweetpotato flour to 80% wheat 
flour. For bakery products for which gluten is less 
important, an even greater amount of sweetpotato flour 
could probably be used. Even with a 50% marketing 
margin, sweetpotato flour could undersell wheat flour, 
which ispriced at 100 francs/kg at retail. 

Type and Organization of 
Processing
 

There isno tradition of sweetpotatoprocessing inRwanda. 
Elsewhere where sweetpotato has some importance in 
the diet, numerous methods of processing are reported. 
In Papua New Guinea, for example, a relatively capital 

If. for example. 30% of a 200 kg silo is lost. it will cost the farmer more than 500 francs in lost value. 
6	In most markets there is a section where doughnuts and other simple bakery products are made and sold. Wheat flour is rarely the 

only. or even the primary, flour in these products. Flours from sources as different as peanut. pea, and sorghum are ofter used. A 
doughnut maker to whom we gave some sweetpotato flour claimed not to have had any problem selling doughnuts made with some 
sweetpotato flour. 
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intensive technique is employed to make a gari-like 
product, called kaukau rice, out of sweetpotatoes, which 
is stored, cooked, and eaten much like rice (Moy and 
Chi 1982). In India, sweetpotato flour is reportedly 
often used in bakery products, and can be 25% of a 
wheat- sweetpotato flour mix in bread making (Hrishi 
and Balagopal 1979). In Cameroon, sweetpotato flour 
is made for the preparation of cakes and other bakery 
products. Tubers are washed, grated, and dried, then 
pounded into a flour for use in a variety of cake-like 
products (Kwatia 19X8). The ancient Maori of New 
Zealand developed kao, aproduct from cooked roots, as 
a storable product, and in South China farmers make a 
similar product, as well as storable forms of lour, 
sago-like granules (a ,ari-like product), and dried 
flakes (Yen 1982). In Nvanza in Kenva and in Western 
Tanzania tubers are peeled, sliced, dried, and then 
ground into a flour wth sorghum or maize for making 

ogili In Tanzania, tubers are boiled,or uji (Jana 1982).

sliced, dried, and stored as dried chips (Kwatia 1988). 


Cassava's example. The evolution of cassava process-
ir1 inWest i'.trica is instructive. Fresh cassava ishighly 
perishable, and begins to show distinct signs of spoilage 
within two days of harvest. Consequently, when produc-
ers have desired to market or store surplus production 
they have had to resort to sonic form of processing. 
There are two basic types of processing in Africa, the 
production ofgari orfarinha de mandioca, which is a 
cassava meal made from grated, extruded roots, and the 
production of kokonte, flour made from dried roots. It 
is only in West Africa that both systems are used, and it 
is ,f interest to sweetpotato processing that where both 
products are made, flour, which ischeaper to produce 
and lwer in market value, was the first to gain accep-
tance (Jones 1959). In East and Central Africa the 
predominant form of processing remains the production 
of flour by soaking, peeling, drying, and then pounding 
the dried roots into a fine flour. 

The two procedure, ire distinct in the final Product 
and in the ways they are consumed, garibeing eaten like 
rice, cassava flour being made into avariety of dough-
like products like foufou or ugali, to be dipped in asauce 
and eaten that way. The two procedures also have dif
ferent implications for the organization of' production 
and marketin,. 

Making cassava flour requires little equipment and 
relatively little time. but results, nonetheless, in a prod-

uct that ishighly storable and marketable. Farmers can 
easily peel, soak, and dry the roots with a minimum of 
equipment. There are probably no economies of size to 
make centralization of processing attractive. Market
ability isenhanced when farmers restrict themselves to 
producing and selling dried roots, flour being made at 
the point closest to the consumer. By so doing, costs of 
transportation and handling are substantially reduced. 

Gari, arice-like product, requires much more labor 
and equipment. It isa high-cost product with relatively 
high market value (Kreamer 1986). Because it is more 
capitalized, there are likely to be economies of size that 
warrant centralized processing. Kreamer shows that 
gari-making is evolving towards a highly centralized 
system as modern, commercial gari processors contract 
with farmers to buy entire fields of cassava and ship the 
roots :o their processing plants (Ibid.). 

'n Central Africa, including Rwanda, cassava pro
cessing remains at the first and simplest stage, simple 
sun drying of peeled, split, sometimes soaked roots, 
destined exclusively flr flour with which afoufou or 
ugali is prepared. There is reason for this. Farmers 
remain predominantly subsistence oriented, and this is 
the least cost way to render the roots storable. There is 
the additional influence, in Rwanda, of a dispersed 
settlement pattern that favors decentralization. These 
factors are likely to exert similar influences on the 
development of sweetpotato processing in Rwanda. 

Technical 
Feasibility 

The simplest, least cost approaches will be adopted first, 
with farmers peeling, slicing, and sun-drying sweet-

I, 
potatoes, and flour being made by the retailer or theconsumer. Like cassava processing, sweetpotato proconsingrwoldkinitillyaberdcentralized. Fae wo 
ccssing would initially be decentralized. Farmers would 
prepare dried sweetpotatoes--chipped or shredded, 
which would be marketed in that form and made intoflour just before use. Making (tried chips is feasible at 
the household level, which iswhere it would need to be 
done if the full advantages of low weight and ease of 
transport were to be realized. 

During our field work, we experimented with a 
rudimentary approach to chipping and sun drying hand 
peeling tubers, slicing them, drying them on mats in the 
sun for two days, then storing them in plastic bags or 
metal containers for several weeks.7 The largest quan-

For laster nd more complete drying. ;nips could be placed above ground, on racks. 
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tity we dealt with at one time was the drien equivalent 
of 30 kilograms of fresh tubers. Drying the chips ade-
quately and keeping them dry was easy during dry 
weather, but proved more difficult in the wet season. 
When chips were insufficiently dried, they rapidly de-
veloped mold spores and spoiled.8 

ln..Jequate periods of sunshine during wet seasons 
might constitute a limitation to the most rudimentary 
drying techniques. It does so for cassava, which is 
scarcest and lowest in quality when the weather is 
wettest (October, November, March, and April). Farm-
ers should avoid drying their sweetpotatoes during these 

months; swectpotato products being unlikely, for the 
foreseeable future, to have a high enough value to 
warrant more sophisticated methods and equipment that 
could moderate the problem of lack of sunshine. Once 
dried, however, if the chips can be kept in a dry space, 
storage should pose no problems regardless of the sea-
son. In Tanzania, dried chips are reportedly stored for 
is long as two years with no apparent deterioration 
(Kwatia 19X8). 

Cost of Production 
Chips or sweetpotatoes dried in one of the other ways 

described above can be milled in m ills designed to make 
For direct con

flour from maize, sorghum, or cassava. 

sumption in foufou, a rougher, les; expensive flour 
could readily be made by pounding the chips in a mortar. 

In out experiment it took 30 kg of fresh tubers to 
make II kg of flour, a conversion rate of 3 to 1.1, which 
is similar to findings communicated to us by Joseph 
Mulindagabo, the principal technician responsible for 
extension work in root crops at ISAR. Elsewhere a 
conversion ratio of five to one was found (Taylor 1982). 
The amount of flour that could be made from fresh 
tubers would vary by variety as well as technique em-
ployed. We have assumed that the manual chipping and 
sun-drying used in our experimentation is technically 
inefficient, and that at higher volumes unit costs would 
decline; nevertheless, the per kilograms cost of produc-
ing II kg of flour, including purchase of the raw prod-
uct, was 50 francs: 

For best storage results, chips should he dried to below 15% 

easily. 

Cost component Cost (kg) 
(francsfkg) 

Sweetpotato 239 
Labor (2 man-hours) 25 
Milling (2f fee) 2 
Total per kilogram cost 50 

This included purchasing tubers in the market; pay
ing hired labor to clean, peel, and slice the tubers; and 
paying df fee. would probably onlymilling Farmers 
peel, slice, and dry the tubers, leaving r-tilling to inter
mediaries or the consumer. Their costs would be 
roughly half of ours: 

Cost component Cost (kg) 
(francs/kg) 

Sweetpotato 20 
Labor (2 man-hours) 8 
Total per kilogram cost 28 

The cost of tubers would be one franc lower per 

kilogram, since farmers would not have to carry the 
sweetpotatoes to market. Labor costs would be lower 
in part because own household labor would be used 
rather than hired labor, but also because farm wage rates 
are lower than urban rates (30-60 versus 100 francs),and finally, milling would be done elsewhere in the 
s te n les, producersW old e o os mers. 

Conclusions 

A principal advantage to the marketing chain of process
ing fresh sweetpotato into dried chips or flour would be 
the reduced importance of transport costs as a percent
age of the marketing margin. Bag-denominated trans
port fees would be smaller because more flour or dried 
chips than fresh tubers could be fit into one bag. The 
relative cost of transport would be less because the value 
of one bag would be greater. Similarly, the tax burden 
would decline. 

For the following estimates we have assumed dried 
chips, the form most likely to be transported from the 
farm gate to the consumer or to the retail market, would 

moisture. Above that they readily take up and retain water and spoil 

9The market price of the quantity of fresh tubers required to make one kilogram of flour. This is very likely ahigh-cost scenario, since 
part of the market price of fresh tubers reflects producers' imputed cost of headload transportation to market. It would be more expensive 
to tinsport the fresh tuber equivalent of dried chips or flour than to transport the dried chips or flour themselves. Furthermore. it is 
expected that part of the processing. at least chipping and drying of chips, would be done on the farm. 
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cost 30 francs/kg at the supply market and 40 francs at margin available for transport fees would be larger, as 
the terminal market.10  much as 4 francs/kg. As a consequence, the market 

Chipped dried 
Fresh tubers tubers 

Sales price (francs/kg) 14 40 
Purchase price (francs/kg) 9 30 

Margin 5 10 

The 10-franc marketing margin is the same percent- 
age margin as that in the cassava m arket. The expected 

sales value of one 110 kg bag would be 4,400 francs of 
which the per bag transport fee and the shipping tax 
would represent 3% and 2%, respectively. Drying be-
fore shipping would reduce shipping's share of the 
marketing margin. This does not even take into account 
the additional potential savings that would come from 
filling each bag more fully with chips than is possible 
with fresh tubers. 

Fresh tubers sell for approximately 14 francs per 
kilogram in Kigali and can be bought for 9 francs in 
Gitarama supply markets. The 5-franc/kg margin must 
cover transport fees, taxes, labor costs, and profits of 
merchants engaged in the long-distance trade. If one 
considers the transport margin as a residual, the amount 
available to pay for transport services after all other 
costs, and gross profit of 2 francs,'kg are subtracted, one 
finds on average 1.3 francs/kg available for transport. 
According to data we collected from six markets, the 
transport fee is approximately 23 francs/t/kin, which 
amounts to a per kilogram fee of 0.02 francs for each 
kilometer.11 The relatively low margin in the fresh 
tuber trade suggests bulk-shippers can travel 50- 100 km 
to supply markets depending on the quality of the road. 
This contrasts with a potential market supply radius for 
cassava bulker-shippers (also assuming a 2 franc/kg 
gross profit margin) of more than 100 km. 

Were merchants to trade in dried sweetpotato chips 
costing approximately 30 francs/kg in supply markets 
and perhaps 40 francs in urban Kigali, the residual 

supply radius could increase to 200 kin, more than 
double that for fresh tubers. Assuming similar rural 
prices for wholesale sweetpotatoes, the hypothetical 

market supply radius increases by 50 km as the part of 
the margin available to pay shipping fee increases by 
one franc: 12 

Amount available 

for shipping 
_ _ __ _ 

1 
2 
3 
4 
5 
10 

Market supply radius 

(kin) 
__ _ _ __ 

50 
100 
150 
200 
250 
500 

With processing and improved storage options at 
all levels of the market, the sweetpotato could achieve 
a degree of marketability similar to that achieved re
markably quickly by cassava. The advantage would be 
that the production base for sweetpotatoes is larger and 
more evenly spread around the country; the income 
effect of increased demand would be spread more 
widely. Also, there is capacity for greater production 
through intensification. Were the market to develop, 
producers could meet product needs, thereby improving 
their incomes. It is conceivable that 20 years hence 
storage and processing will be regular features of the 
sweetpotato market. 
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Consumer Demand for Sweetpotatoes 
in Dar es Salaam, Tanzania 

Gabriel T Ndunguru' 

Abstract 

The demand for sweetpotatoes in Dar es Salaam is modest, but sustained. The availability of the crop 
in the region is seasonal covering only 6 months of the year. The type of sweetpotatoes consumers prefer 
are those from Bagamoyo and Gairo which are floury, moderately sweet with pale/yellow flesh. Retail 
prices of sweetpotatoes are quite high especially during Ramadan month. In Dares Salaam, sweetpotatoes 
are neither stored nor processed. Tne crop is more often consumed in boiled form or asfutari.Leaves of 
sweetpotatoes are consumed by some people in the same way other vegetables are consumed. Similar 
studies should continue in order to position the product in various urban markets of the country. 

Key words: market segment, availability, preferences, prices, volumes. 

Introduction 
Sweetpotatoes (Ipomoea batatas (L) Lam) traditionally 
have been produced in the subsistence sector in Tan-
zania, but the, are moving into the monetized sector. 
This crop has always been regarded as a poor man'sfoo~d in Dares Salaam and other urban centers. In Dar 
food iaannDrwetpStataam and other rotcrps.sh Das 

cultivars; postharvest handling; and the possibility of 
promoting processed products in the city and other 
urban areas. This information would also guide breeders 
to produce cultivars that would satisfy both producers' 
and consumers' needs. 

This study aims to establish the level of consumer 
awareness of the crop in the market; to find out who 

sSalaam, sweetpotatoes and other root crops such asdetercassava appear in i,,e quiantities in the markets during cnue h rpadwt htfeuny odtr 
stmine how traders and consumers characterize it; and, to 

the months of Ramadan for "futar,"'(breaking the fast). p io
W hile swectpotato production in the region of Lar es 
Salaam declined from 45,600 t in 1988 to 13,771 t in 
199(), the consumption of the crop has risen with the 
increasine number (over 2,548) of street vendors (City 
Council 1991). This makes it an important market 
crop with a high potential for expansion. A rough es-
timate indicates that about 5% of the vendors d!al in 
sweetpotatoes. This is encouraging as sweetpitato con-
sumption is promoted and potentially, food security 
improved. 

However. knowledgc on the consumption patterns 
of different ethnic groups is limited. A better under-
standing of demand would facilitate the formulation of 
strategies for the produ.tion and marketing of preferred 

analyze price fluctuations in relation to quantities of theco en ak td 
crop being marketed. 

Regional profile 

Location. The Region of Dar es Salaam lies in the 
Eastern part of Tanzania along latitude 7 *Sand lon
gitude 38 "E,bounded by Coast ,'egion on the North, 
West, and S:uth, and the Indian Ocean to the East 
(Map I ). It is the smallest region in the country cover
ing an area of 1,129 km2,448 of these are classified as 
urban and 673 as rural. The region is subdivided into 3 
administrative districts: Ilala, Kinondoni, and Temeke. 

Food Science and Technology Department, Tanzania Food and Nutrition Centre (TFNC), Dares Salaam, Tanzania. 
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Map 1. Dar es Salaam region. 
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Climate. The climate is tropical, hot and humid 
with temperatures ranging from 28"C in August to 33*C 
in February. Annual rainfall averages 1,315 mm. 

Demography. The population of Dar es Salaam 
was estimated in 1988 to be 1,369,850 with a growth 
rate of 4.8%, significantly higher than the national rate 
of 2.8% (Bureau of Statistics 1988). This growth rate is 
borne out in the 1992 population estimated at 1.6 riil-
lion. The region has the highest population density in 
the country, 1,997 people per km2, compared to thc 
national average of 26. The population ishighly mobile, 
with migration both within and from outside the region. 

Socio-ecmomic structure. The socio-economic 
status of the inhabitants of Dar es Salaam is highly 
variable. However, income levels in real terms have 
declined for the past 10 years, and many people 
employed in the formal sector (80% male) cannot main-
tain families with their wages. 

Food production. The Dar es Salaam Region 
produces only 6% of its own food supply (TFNC 1991). 
Food crops cultivated in the region include cassava, 
paddy, legumes. maize, sorghum, sweetpotato, banana, 
coconut, fruit, and vegetables. Production is rapidly
decreasing as the city grows, stimulating production fbr 

the market in regions such as Morogoro and Coast. 
Table I gives an overview of the ch-ging levels of 
production comparing sweetpotato and cassava. 

Table 1. Production (t) of sweetpotato and cassava 
in Dar es Salaam, 1987-90. 

Crop 1987-1988 1988-1989 1989-1990 

Sweetpotato 45,6W 23,500 13,771 

Cassava 69,223 35,900 7,210 
Source: TIN. 199/. 

0ehd7g 
303 households, 2 prisons, 4 hospitals, 7 schools, II 
hotels, and 8 public markets were included inthe survey. 
The Marketing Corporation of Dares Salaam was also 
contacted about the annual supply sources and prices of 
sweetpotato in the cits. 

A stratified random sampling method was used to 
choose tfc households to be interviewed, while a pur-

posive method was used to sample the rest of the target 
groups. Formal questionnaires were used to interview 
both users and traders. 

Open-ended questions were used to obtain informa
tion from schools, hotels, prisons, hospitals, sidewalk 
vendors, and traders. This method gave the respondents 
a forum in which to talk about their views on the crop 
and its role in their lives. 

Three supervisors and twelve trained enumerators 
carried out the survey. Desk research was also under
taken, especially on the supply and demand of sweet
potato public markets. The survey took 12 days. Data 
analvsis was done using the EPI INFO 5.0 computer 
program. 

Household Survey 
This household survey was conducted in order to char
acterize different groups or segments in the sweet
potato market in the city. It was hypothesized that 
sweetpotato consumption varied according to income 
(purchasing power), ethnicity, religion, age, household 
size, and whether or not the crop is produced by the 
family. The survey mainly focused on women, with 
about 98% of the respondents female. This decision was 
based on the assumption that women were responsible 
for purchasing and preparing the meals in most families. 
Males surveyed were street vendors and hoteliers. 

Respondents' ages ranged from 12 to 65 years.
About 69% had primary, ohool education, 7% secon
dary education, 1%university "ducation, and another 
8% had reached various stages in adult education 
programs. Fifteen percent were illiterate. Th. respon
dents were of all religious denominations: 71% were 
Moslems, 17% Catholics, and 12% Protestants. Most of 
them were housewives (68%) and others were farmers 
or self employed. A few grow sweetpotatoes in back
yard plots, but quite a large proportion have farms 
outside the city. The largest numbers originated from 
Dares Salaam (21%) and up-countr, regions such as 
Coast (19%), Morogoro (12%), Tanga (?%), Lindi 
(k), and Kilimanjaro (5%). The average family size 
was 6-8 people. 

Although the survev revealed a l to 
Alhuhtesrvyrvae. larger proportion t

be housewives and farmers, it found that on the basis of 
property ownership about 14% were in the upper middle 
class, those owning videos and cars; 80% in the lower 
middle class, those owning radios and bicycles; and, 4% 
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in the lower class, those who did not own the four men- socio-economic attributes of the market segment of the 
tioned items and rented houses built of wood and mud. 2 total demand for sweetpotatoes was not investigated. 

Table 2 gives a general description of the socio-
The socio-economic status of the market sample economic status of the target group. 

was very heterogeneous. This signifies ahigher degree 
of interaction within the market. The effects of specific 

Table 2. Socio-economic profile of the consumers 

Items 

Target group 

Age 

Household status 

Gender 

Education 

Religion 

Involvement in purchasing food 

Employment 

Place of birth (Region) 

surveyed. 

Status 

Households 
Sidewalk vendors 
Institutions 

12-65 years 

Rich 
Average 
Poor 

Male 
Female 

Primary 
Secondary 
University 
Adult education 
Illiterate 

Muslims 
Catholics 
Protestants 
Others 

Involved 
Not involved 

Housewives 
Self-employed 
Unemployed 

Dar es Salaam 
Coast 
Morogoro 
Tanga 
Lindi 
Kilimanjaro 
Others 

Percentage 

99 
I 

insignificant 

100 

14 
80 
4 

2 
98 

69 
7 
I 
8 
15 

71 
17
 
12
 

insignificant
 

91
 
9 

68 
14 
9 

21 
19 
12 
8 
6 
5 
29 

- Unfortunately. the figures on the socio-cconomic status of the respondents could not be compared to figures from other surveys so to 
evaluatc their representativeness. 
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Marketing of Sweetpotato in 

Dar-es-Salaam 

Data on the supply of sweetpotato marketed in Dar es 

Salaam from 1989-1991 were obtained from the 
Kariakoo Market Corporation and information on 

wholesale prices was obtained at Kariakoo market cor-
poration and Tandale Food Product Cooperative Society 
Ltd. Retail prices were obtained from the vendors and 
households. Figures I and 2 indicate the amount of 
sweetpotato received in the various public markets of 
Dar-es-Salaam and the average yearly wholesale prices 
per kg. The average 199 1price in the wholesale market 
was TSh. 35 shillings/kg. However, the retail price 
remained at TSh. 100 shillings, similarto 1989 and 1990 
prices. While prices at wholesale markets indicated 
sonic degree of elasticity, retail prices for the crop 

tended to be inelastic. 


According to the law of supply and demand, onegyg 
could expect prices of sweetpotatoes to vary significant-
lv with the variation in availability. Instead, prices went 
up with the increase ii; the supply of the crop and 
remained .;table during some periods of serious scarcity. 
This unusual market behavior probably results from two 
factors. Sweetpotato is a secondary crop. Hence, rela

tively small volumes are traded. 

Another reason could be related to the seasonal 
variation in the way consumers perceive the crop. 
Strong demand for sweetpotato is tied to Ramadan. 
Outside the Ramadan period, consumers may not con-
sider the commodity as an essential part of their diet, so 
demand may remain flat contributing to stable retail 
prices. 

The annual demand for sweetpotato in Dar es 
Salaam, calculated from weekly purchases by the 
sample households during the peak period, is estimated 
to be 67,859 t.The average amount of the crop available 
for consumption is estimated at 26,782 t with all but 
124 t produced in the Dar es Salaam Region. This 
amounts to only 39% of total demand. 

Sweetpotatoes are sold at 23 public markets in Dar 
es Salaam. During the period studied, the average price 
of sweetpotato was 29% higher than that of cassava. 
While cassava prices varied, the prices of potatoes, 
pumpkin, cocoyams, and plantains remained very high 
during the swcetpotato cropping season. 

Sweetpotato was found to be available in Dar es 
Salaam markets for only 6 month., of the year. Why the 
crop is unavailable year round is not clearly understood, 

since production isalways possible in accessible areas 
having the necessary ecological conditions. 

March and April are the peak months for sv'*et

potato availability. This correlates with higher
wholesale prices during these same months (Fig. 2).March and April are characterized by high suppl and 

pril ecacterded yrchhigh urind 
ramaan Tesuply fro mayhAgep uris 
Ramadan. The supply from May-August/September is 
much lower, but prices remain high which one would 
expect from the law of supply and demand. The high 
price could also be a response to salary increases after 
the annual budget announcement in June. 

From September-February, there are almost no 
sweetpotatoes on the market. One could hypothesize 
that there is a significant unmet demand, and therefore 
an opportunity to develop a combination of production 

systems in nearby areas to extend the harvest period, 
and transportation/marketing systems to bring sweet
potatoes in from more distant parts of Tanzania. 

Sweetpotatoes marketed in the city were mainly 
from Gairo (Morogoro Region), Bagamoyo (Coast 
Region), Kigamboni (Dar es Sai.im Region), Songea 
(Ruvuma Region), and Kondoa (Dodoma Region). 

Marketing channels 

The marketing channels for sweetpotato documented 
during the survey are simple and do not involve stages 
such as grading and storage. Figure 3 shows the two 
marketing channels. One channel is for roots sold for 
fresh cooking at home. The other channel is for roots 
marketed by street vendors who sell a cooked product. 
Middlemen normally bring the product to the city for 
marketing. It should be noted here that the retailers in 
channel two are mainly market and sidewalk vendors 
who sell the crop directly to consumers, with or without 
simple processing. The consumers in this case are main
ly householders, school children, and pedestrians. 

The marketing channels of sweetpotato are rela
tively simple and invarial) cheap. However, this ad
vantage was out-stripped by high losses resulting from 
the lack of grading and pioper storage. Surveys were 
conducted in three markets (Kariakoo, Tandale, and 
Buguruni) of Dares Salaam to identify storage systems 
of sweetpotatoes. Results revealed that no storage 
mechanism exists for the crop. Tandale Food Product 
Cooperative Society Ltd. indicated substantial sweet
potato losses during marketing. The crop is not 
preserved at the household level either. 
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Figure 1. Volume of sweetpotatoes received in Dar es Salaam markets in 1989, 1990, and 1991. 
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Figure 2. Average wholesale prices (per kg) for sweetpotato in the Dar es Salaam market for 1989, 1990, 
and 1991. 
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Figure 3. Sweetpotato marketing channels in Dar 
es Salaam. 
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Respondents were asked to indicate the markets 
where they normally buy sweetpotatoes. Twenty-three 
public markets were identified which market sweet-
potato in the city. Seventy-nine percent of the respon
dents buy from these markets, whereas only 10% 
procure sweetpotatoes from their own farms. 

Weekly Consumption 

Consumers and traders are key decision-makers in 
sweetpotaIo marketing. Their tastes and preferences 
determine the type and quality attributes of the crop in 
terms of" color, size, shape, and texture. Householders, 
vendors, trader,,, and school children were asked to 
describe the type of sweetpotato the, preferred. Respon
dents differed in their size preferences. Households 
preferred medium sized (240-4501g, vendors large (450 

easily and cut them into many pieces. All the vendors 
also preferred sweetpotato from Gairo (Morogoro 
Region) and Bagamoyo (Coast Region). Roots from 
these places best met the qualities which vendors 
wanted. Sweetpotatoes from other places mentioned 
here were not considered good because they are often 
white, moist, and sometimes fibrous. 

Local Names of Sweetpotatoes 

While it is easy for farmers to mention local names of 

sweetpotatoes available in the country, it was not pos
sible for some of the respondents in Dar es Salaam to 
identify by name all of the sweetpotatoes in the markets. 
7 able 4 lists the local names of sweetpotatoes known by 
the respondents. About 75% of the respondents were 
able to distinguish all cultivars in the market. Often the 
same cultivar is known by several names by different 
people in different locations. This confusion would be 
avoided if the cultivars were characterized and given 
standard names. 

Another goal of the survey was to assess ihe 

average amount of sweetpotatoes consumed in the 
households per week. The assessments on Table 5 
covered both high and low peaks of the availability of 
sweetpotato in the city markets. 

Table 4. Sweetpotato names. 
Name Respondents identifying 

_ 

Karoti 20 

Hali Mtumwa 15 
Canada II 

Vibogwe 6 

Moyo wa Simba 6 

Kandolo 6 

Mayai 5 
Kangeo I 
Majeshe 
Mpoke 

Mtangetange 
Shangazi 

g), and traders either large or medium. ~ShizowiyaII 

All the respondents preferred sweet, pale yellow, Mkambe 
fleshy, and starchy/floury roots. Vendors responsible for Unknown varieties 25 
making chips wanted large roots. They can sell them 
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Table 5. Average amount of sweetpotato 
consumed per week in Dar es Salaam. 

Lowest period Peak period 

Less than I kg 38 0 

1-5 kg 59 77 

7 kg 2 17 

14 kg I 6 

That 38% eat less than I kg/week in the lowest 
period is presumably due to the high prices of the crop
and lack of special demand such as during Ramadan. 
Nevertheless, not all markets are supplied in the lowest 
period contributing to low accessibility to il,. crop. Of 
the respondents who eat sweetpotato, 62% consume one 
or r,,ire kg/week in both seasons. If sweetpotatoes were 
available throughout the year in these markets, this 62% 
could create a permanent demand. 

Table 0 shows a very strong seasonal pattern; 72% 
of the households reported eating sweetpotato twice a 
week or more in the peak period,; 75% once a week or 
less in the lowest period. However, 25% of all con
simers eat sweetpotato twice a week or more even in 
the lowest period when prices are high. This 25% rep-
resents a group who will normally buy sweetpotato 
regardless of the changes in prices or season, and who 
would eat sweetpotato throughout the year if the crop 
were available, 

About 97% of the households interviewed consume 
sweetpotato. This isequivalent to 304,875 households. 
The annual demand for sweetpotato for these 
households calculated from the weekly purchases of the 
sample population during the peak season isestimated 
at 67.851) t. This is equivalent to 62 g (297 KJ) of 
swcetpotato per day/household. 297 KJ/dav is only 
2.7'7 of the minimum energy requirement ( 1,000 KJ). 
Tile annual availability of'sweetp~tatoes in the marketsavailabi inThe,79t)ia nua of thetotadeand themars(26.782 t) isonly 39% of the total demand for the crop 
in )ar es Salaam. Therefore, there isstill alot of room 
for additional supplies ofsweetpotato for marketing in 

l)ar e Salaarn. 

Uses of Sweetpotato 

Some city vendors reported that they cook sweetpotato 
chips, which are sold to consumers. Others cook cassava 
chips because compared to cassava the price of sweet-
potato was very high. The use of large quantities of oil 

Table 6. Frequency of consumption per week du
ring lowest and peak period in Dar es 
Salaam. 

Frequency 
per week 

Lowest period
(May-August) 

Peak period
(March-April) 

Less than once 45 8 

Once 30 20 

Twice 15 22 

More than twice 10 50 

also raises prices, because sweetpotatoes absorb more 
oil during frying than cassava. To relieve this situation, 
researchers could breed cultivars with starch levels 
similar to that of cassava in terms of oil absorption 
capacity/properties. To prepare chips, the roots are nor
mally peeled and chopped into pieces of about 8cm long 
x4cm wide x 2 cm thick. These pieces are then dip-fried 
in oil until cooked. Salted and spiced chips are displayed
on asmall table for sale. A typical vendor sells 40 kg in 
three days. 

Roots in Household and 
Institutional Diets 

Representatives of hospitals, prisons, and hotels were 
interviewed to learn how sweetpotatoes are used in 
these institutions. Hospitals and prisons do not use 

sweetpotatoes during the months of Ramadan. Some 
hotels prepared afew sweetpotato for fasting Moslems. 
In the households, howevei 85% of the respondents ate 
sweetpotato for breakfast. I he rest ate the crop at lunch 
and/or dinner whenever the crop was Laalable in the 
market. Normally, sweetpo atoes were reported to be 
eaten with beans (44%), cas ava (46%), meat ( 14.3i), 
fish (12.2%), and cowpeas, while some households 
consumed the product without mixing it with otherfoods. Results also indicated that sweetpotato coulJ be 

fed to any household group without problem: from 
children aged between 3-24 months to adults, the aged, 
and convalescent people. 

When eaten for breakfast, sweetpotatoes are nor
really peeled, sliced into pieces of about 2.54 cm thick,
washed, salted, and boiled in water. Some households 
cook the roots before peeling. Peeling is done at the 
table by individual consumers. The dishes prepared 
from the crop were limited tofuiari, boiled, mashed, and 
fried sweetpotato. In the preparation of futari, sweet
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potatoes are first peeled, sliced, and washed. Then the 
lean slices are put into a cooking pot with salt, sugar, 
and cardamom, and boiled until cooked. Coconut milk 
is added and the mixture simmered for another 10 
minutes. The fuari is then served with tea or soft drink, 

Diversification of consumption patterns through 
new and unusual recipes for the crop could probably 
help to create higher demand and hence better prices, 

Leaves in the Diet 

Sweetpotato leaves were eaten by 84.3% of 	 the 
arehouseholders interviewed. The type of leaves eaten 

those which are long and thin, and mounted on the long 
stalk of non-tuber forming varieties. It was not clear 
why the consumers chose to eat only these type of 
leaves. It would be advisable to investigate the reasons 
for not eating the broad leaves of tuber forming cul-
tivars. The le:ives are cooked by frying them in oil, 
boilinu them, or mixing them with fish or meat. 

Neither roots nor leaves of sweetpotato are com-
monly fed to animals in the city of Dares Salaam. The 
low production of'the crop in the city could be the reason 
why sweetpotatoes were not fed to animals. 

Dietary Limitations 

Approximately 7.7c%of the surveyed respondents dis-

liked sweetpotatoes. They said sweetpotatoes caused 

them constipation, ulcers. flatulence, heartburn, or 
stomach pain. Areas for future research and study in this 
context are: looking into the substances responsible for 
causing the problems inherently present in the roots; 
advising breeders to produce highly nutritional cultivars 

free of the anti-nutritional factors: developing cooking 

nethods that would render the products free from these 

tactors: assessing the nutritional value of sweetpotatoes 

marketed in the city; and making a chemical analysis of 

the crop. 

Conclusion 

Sweeputato( Ipimoeabaratas(L)Lam) is a staple food 
in some regions of Tanzania, but is subject 
narketling problems. 

In tll, studv a survey was conducted in all districts 
of )ar es Salain (Temeke, llala, and Kinondoni) in 
order I()establish the consumer demand for sweet-
potatocs. Interviews were conducted amnone household 
member,, street vendors, hospitals. hotels and prisons. 

Wholesalers, retailers, and consumers were also sur
veyed. 

Sweetpotatoes are eaten by people of every socio

economic status. While hospitals and prisons do not use 
sweetpotato in their meals, 97% of households inter
viewed ate the product either during breakfast, lunch, or 
dinner mixed with cassava, beans, cowpeas, meat, or 
fish. Consumption is at its highest during the season of 
Ramadan. Sweetpotato leaves are eaten by 84% of the 
households. Only 8% of the respondents said tiat they 
did not like sweetpotatoes. Reasons given were that they 

reportedly caused constipation, flatulence, ulcers, 
heartburn, or stomach pain. 

Market availability of sweetpotatoes was shown to 
be concentrated in the months of March, April, May, 
June, July, August, and September. Almost none were 
available in Dar es Salaam markets during the other 
months. 

The two marketing channels for sweetpotato are 
simple and do not involve grading or storage. Channel 
one involves wholesalers buying the crop from mid
dlemen for sale to retailers who in turn sell it to con
sumers. In channel two, retailers buy the crop directly 
from the middlemen. Some vendors in the city fry 
sweetpotatoes into chips for sale 'o pedestrians. 

Consumers prefer sweetpotatoes which are firm, 

starchy, floury, non-fibrous, moderately sweet with pale 

yellow flesh. The frequency in which sweetpotatoes are 
consumed varies according to the availability of the 
co ntemre.Drn h eksaopol a 
crop in the market. During the peak season, people eat 
the crop more than twice per week, while during the 
periodoflow supply the crop is eaten less than once per 
week. Householders appeared to consume the same 

amount per meal regardless of the availability of the 

crop in the market. Most households consume about 2.5 

kg per meal while the rest consume either over 7 kg or 

under I kg regardless of the change in supply. While 

sweetpotato prices in wholesale markets indicate some 
degree of elasticity, retail prices for the crop tend to be 
inelastic. The wholesale price of sweetpotatoes rose by 
2%from 1989 to 1991 but the retail price remained at 
TSh. I(X)/kg regardless of the fluctuation in supply. 

Based on the survey indings, te following reco
mendations merit mention for further development of 
the crop. 

9 	 Carry out a special study in l)ar es Salaam in order 
to support or nullify the hypothesis that consumption 
of sweetpotatoes varies according to income, eth
nicity, religion, age, and size of the family. 
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* 	 Encourage all markets handling sweetpotato to 
develop asystem for keeping records on the amount 
of the crop received. 

e 	 Begin the practice of making weekly broadcasts of 
sweetpotato prices, as in the case of other crops, to 
create awareness on the part of producers and con
sumers of the supply and price of the crop. 

e 	 Explore processing techniques to increase the variety 
of products available, to stimulate product demand 
and hence production. 

* 	 Develop storae systems at receiving centers to en-
sure continuous availability of the crop for con
stlmers. 

* 	Carry Mut regular assessments of the culinary and 
nutritional properties of sweetpotatoes by various 
national research institutes in order to recommend 
suitable cultivars which are preferred by consumers. 

* 	 Carry out an analysis ofthe chemical composition of 
sweetpotatoes consumed in Dar es Salaam to deter
mine the exact role of the crop in the diet. 

e 	Conduct research on how to overcome the negative 
physical factors reported by consumers. 
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A Rapid Appraisal of Sweetpotato
 
Marketing in Uganda
 

M.H. Fowlerand A.M. Stabrawat 

Abstract 

Uganda is the largest sweetpotato producing country in Africa and the fourth largest in the world. Yet, 
:elatively little is known about the production, utilization and, in particular, marketing of this crop under 
Ugandan conditions. Ihis paper presents the results of a rapid appraisal of the marketing system for 
sweetpotatoes in Uganda. It also provides useful information about recent product.on and utilization 
patterns. The conclusions highlight the importance of developing new markets for fresh and processed 
sweetpotatoes as well as measures to extend the storability of the crop both inthe ground and after harvest. 

Key words: production, utilization, storage, processing, prices, constraints. 

Introduction 

A rapid appraisal of sweetpotato marketing was carried 
out in Uganda in order to identify possible support by 
the Natural Resources Institute (NRI) for postharvest 
research on this important food crop. The objective was 
to characterize the marketing system and identify con-
straints, in order to make recommendations for future 
research, 


Methodology 

A number of different methodologies exist for carrying 
out marketing studies (see Magrath 1992 for areview), 
each with its particular limitations, and the choice of 
methodology largely depends on the objectives and 
resources available to undertake the study. In this case 
i rapid appraisal was carried out to provide "relevant, 
timely, accurate and usable data" (Chambers 1980 
qloted in Magrath 1992), about the structure and per
formance of the sweetpotato marketing system inUgan-
da. 

This approach entailed identifying "key inform-
ants" at all levels of the marketing chain and carrying 
out semi-structured interviews developed for each type 

of participant. Insome cases where interviews com
menced with individual producers or traders these 
developed into group interviews because of the interest 
the discussion generated from other participants. The 
sudy focussed on the urban consumer markets of Kam
pala and Jinja, and the important supplying Districts of 
Soroti and Kumi in eastern Uganda and Mpigi and 
Masaka in the Central Region (Map I). The following 
types and numbers of participants were interviewed as 
key informants: 

e Urban market traders (12 individual and 2 group 
making a total of 32 wholesalers and retailers in 
Kampala and Jinja) 

9 	Rural traders (1 3 wholesalers, producer/traders, and 
retailers)
 

* 	 Producers (21 individuals and 2 groups, making a 
total of 69 in Soroti, Kumi, Mpigi, and Masaka 
Districts) 

9 	Urban consumers ( 16 in Kampala and Jinja). 

Other key informants included District staff from 
the Ministry of Agriculture, Animal Industries and 
Fisheries (MAAIF) and the Ministry of Commerce, 
Cooperatives and Marketing, market administrators, 

Agricultural Economists, Natural Resources Institute (NRI), Central Avenue. Chatham Maritime, Kent,United Kingdom. ME4 4TB. 
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Map 1. Uganda Administrative Districts. 
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and an exporter of the crop. Secondary data and infor-
mation on sweetpotato production and marketing from 
a number of other reports, papers and studies have also 
been used (see References). This paper is largely 
descriptive because of the nature of the methodology 
and objectives. 

Production 
Uganda has been estimated to be the most important 
producer of sweetpotatoes in Africa and the fourth most 
important producer in the world (Table I). 

Table 1.	Principal producers of sweetpotato 

world-wite, 1991. 


Prod uction 
Country (000 t) 

China 	 107,190 

Vietnam 	 2,t)5 
1,976Indonesia 
1,800

Uganda 1.460 

Japan 

Source: 1.Ao Production Yearbook 1991. 

Two sources of production data are available from 
MAAIF: annual estimates are made by district extension 
staff and an agricultural census was carried out in 
1990/91. However, a comparison of the two sources 
shows marked differences (Fowler and Stabrawa 1993). 
This is further complicated by the fact that the agricul
tural census was incomplete, with data collected in only 
26 of the 33 Districts due to security problems. 

The agricultural census records production from 
the enumerated Districts as being 1.37 million tons. 
Since the Districts not enumerated by the census con-
tribute an average of approximately 20% of national 
pro duction each Near (according to the MAAIF annual 
e~tiiuate\, the toial national production in the 1990/91 
"ca,(n wntlld h ve been approximately 1.7 million tons. 
Tli, comalperc,,clv with the normaliy-quoted nation-
al pr ductIon figure of 1.8 million tons (Table I and 
Appendi x I). 

The census data show that sweetpotato is the fifth 
most important food crop interms of area. after bananas, 
beans, maize, and finger millet: and, the third most 

important in terms of fresh weight produced (Table 2). 
The three non-grain starchy staples, bananas, cassava, 
and sweetpotatoes, contribute 85% of food production, 
by weight, in Uganua. 

Table 2. Agricultural census: Area and production 
of the major food crops, 1990/91. 

Crop 	 Area Production 

((X) ha) (000 t) 

Bananas 642 4,717 

Beans 312 507 

433Maize 267 
Finger millet 240 342 

Cassava 184 5,007 
Sweetpotatoes 170 1,371 

Groundnuts 142 162 

Sorghum 	 134 259 

Potatoes 	 20 174 

Source: Ministry ofAgriculture, Animal Industries and 
Fisheries 1992a. 

Sweetpotato has been widely grown throughout 
Uganda for many years, it is a crop of minor importance 
only in Apac District and in the relatively dry areas of 
Karamoja. It is also grown over a wide range of al
titudes, including the highland areas in the south of 
Kabale District. The main sweetpotato-producing dis
tricts according to the agricultural census are shown in 
Table 3. 

Average 	per capita production was approximately 
105 kg per head of rural population in 1990/91. Above 
average production figures are, for the most part, con
fined to the southern Districts, in particular those imme
diately adjacent to the principal urban centers of 
Kampala, Jinja, and Entebbe. High per capita figures 
are also recorded in the highland part in the southwest 
part of the country, which is also an area of relatively 
high population density. However, the exclusion of 
certain Districts from the census coverage, in par
ticular Kumi and Soroti, means that the national pic
ture is incomplete. 

During the census, the average sweetpotato plot 
size during the first growing season (March/April 
planting) was measured as being (112 ha. and 0.08 ha 
in the second season. The average area under the crop 
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throughout the year was one-tenth of a hectare, il-
lustrating that it is a crop grown principally by 
smallholders. 

Table 3.Principal sweetpotato growing districts, 
1990/91."a 

District 
Production 

(000 t) 

Mpigi 126 
Kamuli 112 

Mubende 118 

Bushenvi 112 

Iganga 112 

Kabale 99 

Kabarole 96 

Mukono 95 

Tororo 59 

Source: APinisin , ofAgriculture, Animal Industries and 
Fisheries 1992a. 

"There are inconsistencies between tile census data and 
those published annually by MAAIF. The latter indicates 
that nine major producing districts (excluding those not 
included in the census) over the 1990/91 period were 
Mbale. Iganga. Tororo, Hoima, Apac, Kumi, Kamuli, 
Masindi, and Gulu. Only one third of the districts are 
common to both lists. 

Census data also show that the proportion of the 
area under sweetpotatoes planted as pure stands during 
the first season of the year was 44%, and 56% in the 
second season. By contrast, the 1963/64 census revealed 
that 86% of the sweetpotato area was planted as pure 
stands. Maize and beans are the principal crops inter-
planted with sweetpotatoes. Sixty-two percent of the 
area recorded as being under sweetpotatoes during the 
census year was planted in the first growing season 
(March/April). 

A survey of various aspects of sweetpotato produc-
(ion was carried out by the Sweetpotato Research 
Programme team at Namulonge Reserch Station, 
funded by tle International Potato Center (CIP) and the 
German Agency for Technical Co-operation (GT'Z). Be-
tween 1989 and 1992 atotal of 635 smallholders were 
interviewed in nine Districts ofthe country (Apac, Arua, 
Gulu. lganga, Kabale, Kabarole, Luwero, Mbale, and 
Mpigi). The principal production-related findings ofthe 

survey (Bashaasha et al. 1993; Ocitti p'Obwoya n.d.) 
are that: 

9 	 the main planting season is March/April, although 
planting takes place throughout the year; 
sweetpotato tends to be grown first or last inthe crop 

rotation; 

* 	 sweetpotato is mainly grown on mounds except in 
high altitude areas where ridges predominate; 3-4 
vines per mound are common; 

e 	weeding isdone once or twice depending on weather 
conditions

* 	 sweetpotato isusually "hilled-up" during the season 
to encourage growth and to protect the tubers; 

* 	 little use ismade of fertilizer, manure, or pesticides; 

e 	 multiple varieties are grown by individual small
holders; 

e farmers usually provide their own planting material 
or obtain them from neighbors. They are often in
short supply at the beginning of the season; 

* 	 women play a major role in the cultivation of the 
crop; and, 

* 	 piecemeal harvesting is prevalent, from ahout 2.5 
months after harvest for some varieties. 

Like cassava, sweetpotato isan important source of 
food for tho, e living in the rural areas, as well as 
performing an important role as afood security/famine 
reserve crop. For example, it shows some resistance to 
drought (although not as tolerant as cassava); can be 
stored in the soil for a significant period thus offering 
flexibility with regard to harvesting (Uganda, GTZ and 
CIP 1992); do well in marginal soils: are more tolerant 
than most other crops to late planting: and can be grown 
throughout the year in much of the country. Further
more, it can yield some return with no purchased inputs 
and very little labor since the vines quickly cover the 
ground, therefore weedig requirements are minimal, 
and they protect the soil against erosion. Finally, sweet
potato is a significant source of cash income for many
smallholders. 

Sweetpotato iswell-integrated into the farming sys
tetn, being widely grown as a supplementary crop 
primarily for home consumption, with occasional sales 
being made. In addition, farmers are familiar with the 
crop. It is perhaps the basic staple food in much of the 
northeastern and northern part of the country given the 
recent decline in cassava production as a result of cas

/
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sava mosaic virus. In the east and central areas it is one 
of the major staples afterbananas and millet, respective-
ly 1Ocitti p'Obwova 1991). 

Women play an important role iiie cu!tivation and 
postharvest operations of the crop. However, recent 
changes have been reported with the greater involve-
ment of men in the production and marketing of sweet-
potatoes as the commercial importance of the crop has 
increased (Odogola, pers. comm.). This topic merits 
further research. 

Production trends 

The widely reported recent changes in the dynamics of 
the production of major food staples were confirmed 
during the study and from a review of local production 
figures. These changes were clearly illustrated in Kumi 
and Soroti Districts where there has been a marked 
decline in cassava production since 1991 due to the 
cassava mosaic virus, and acorresponding expansion of 
sweetpotatfl production following a,!vice from local 
MAAIF staff, 

The rapid increase in planting of sweetpotatoes in 
Kumi District is portrayed in Table 4. The area under 
the crop tripled between 1989 and 1992, when the 
largest area of sweetpotato was cultivated in the District 
since records began :n 1981. As can be seen from the 
corresponding figures for cassava, much of this increase 
can be explained by the rapid reduction in the area 
planted to cassava arising from the s;pread of cassava 
mosaic virus. 

A more dramatic change in the relative importance 

of the two crops has been recorded in Soroti District (see 
Table 5). A significant fall was also recorded ir, the area 
planted to millet during 1992, the reasons for this are 
not yet clear. 

In addition to the reduction in the area planted to 
cassava, a number of other factors have combined 
simultaneously to boost sweetpotato cultivation in these 
districts in recent years. Since 1986 cattle raiding has 
decimated the herds in this area, where traditionally 
draught power had been extensively used, particularly 
in opening tip new areas. The lack of cattle has meant 
that land opening is now done by hoe. Sweetpotato does 
not need a well-prepared seed-bed and have therefore 

Table 4. Kumi District: Area planted (ha) to sweetpotato and cassava. 

Year 

Crop 1983-88" 

Sweeipotatoes 19,743 

Cassava 31,452 

Source: District Agricultural Officer, Kumi. 

aAnnual average. 

19,9 

6.862 

26,200 

1("" 

9,909 

23,638 

1991 

13,073 

12,138 

1992 

28,313 

3,519 

Table 5. Soroti District: Area planted (ha) to sweetpotato, cassava, and millet. 

Year 

Crop 

Sweetpotamoe, 

Cassava 

Millet 

1983-88" 

8,097 

9,505 

25,539 

1989 

9.226 

15,565 

31,647 

1990 

6,613 

16,734 

34,812 

1991 

15,42-

15,899 

31,132 

1992 

19.020 

1.707 

15,346 
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been planted in areas which have been only partially 
cleared. The speed with which the crop establishes itself 
and covers the ground prevents subsequent weed infes-
tation. 

Without cattle, an important source of income for 
the inhabitants of tile region was no longer available, 
Sweetpotato has been able to fill this gap, at least 
partially. It has also been able to replace some of the 
income previously earned by smallholders in this region 
from the sale of their cotton crop. The marketing of 
cotton has been plagued by inefficiencies in recent years 
and producer prices in real terms are significantiv lower 
than those prevailing in the I970s. This has consequent-
1v resulted in a dramatic fall in area planted. 

tthe sam timve, anthe e nroa . sition ia 

together with .;ome of tile rural roads, were upgrad,' 
This con,iderably reduced the cost and time of 
transport, a critical factor in the marketing of a high 
weight/low, value crop such as sweetpotato. The 
demand tor sweetpotato was also greater than usual in 
]'-92 because low rainfall during the previous growing 
season adversely affected the production of miatooke in 
tho e district,, normally supplying the Kamp;la market, 
which are located immediately surrounding and to the 

e,;t of tile capital. At the same time, the 1992 rainy 
,cason in Kimi and Soroti Districts was unusually 

extended which meant that near continuous cropping 
was possible between April and October. 

Finally, since much of the land had not been used 
since 1986 due to the insecurity which prevailed in the 
region until recently, its soils were well-rested and yield 
levels during the first fev, seasons have consequen'y 
been high. However, the long-term sustainability of 
intensive swectpotato production on land which is not 
fertilized, is questionable. 

Most farmers who replaced cassava with sweet-
potato said they would grow smal!er areas of both crops 
in the future.i f a solution was found to the problem of 
cassava mosaic virus. It was also reported that in Kumi 
l)istrict, ,,.cetp,~lato was replacing recently-introduced

rc npotato 
rice in mp areas because Htis considerably less 
litb)ur initensi ve. 

Sinilar changes have been reported i: Masaka 
District %,hich is a major producer of matooke. Here 

\wveetpotato) is said to he replacing inatooke because of 
hanaia weevils amd nematodes. 

Harvesting 

In light of the relatively short shelf life of the sweet
g 

potato tubers (Bashaasha et al. 1993), and since most of 
tile crop is produced for home consumption, farmers 
normally harvest the crop piecemeal to meet the needs 
of their families over several months. Forexample,64%k 
of the farmers in Tororo district and 86%,;: in Mukono 
District never sold the crop (Prevention of Post-Harvest 
losscs Project report). The farmers are thus effectively 
"storing" the crop in the ground. However, some limited 
storage of tubers does take place inside the farmhouses 
for an average of four days (Bashaa.,ha et al. 1993). 

Only if significant quantities of the crop are to be 
sold are entire fields harvested at once (Uganda. GTZland CIP 1992), otherwise mature tubers from small areas 
are harvested piecemeal for sale to meet smallholders' 
cash requirements. 

Yields 

Yields estimated by the census varied from 5.1 /ha in 
Apac district, to 11.3 t/ha in Mubende, with a national 
average of 8.1 t/ha. Vanegas and Bashaasha ( 1991 )note 
that sieldsare highest inthe northern part of the country, 
although this is not supported by the results of the 
census. 

Although the crop can be harvested over a period 
of months, optimum yields are realized approximately 
ten months after planting. However, the incidence of 
weevil damage and tuber rot diseases becomes sig
nificant approximately 8 months after planting, al
though this varies between varieties (Uganda, GTZ, and 
ci i092a). 

Returns 

Bashaasha and Mwanga (1992) reported that, at current 
input levels, the gross margin per hectare for sweet-

I was significantly higher than that of cassava 
-'Sh 40,730 compared with USh 23,696. 

An analysis of the domestic resource costs (l)RC) 
of the principal food ,rops grown showed that there was 
acomparative advantage of growing cassava -the DRC 
was 2.1, compared with 4.7 for bananas and 1.7 for 
sweetpotatoes. 
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Utilization 

Storage and processing 

Sweetpotato tubers are highly perishable once harvested 
and are therefore rarely stored for more than three or 
four days, and even less when they are bruised or 
damaged. For this reason, they are usually "stored" in 
the ground until required. 

They are mainly consumed fresh, either boiled or 
steamed. In the drier north and east parts of the country 
the tubers are often dried and subsequently stored, 
reportedly for LIP to six months or longer. This latter 
process consists of peeling the tubers, which are then 
either sliced or crushed into small pieces. They are 
subsequently sun-dried, particularly during the dry 
periWd between December and January. The survey by 
the Sweetpotato Programme (Bashaasha et al. 1993) 
found the storage of dried sweetlpotatoes practiced in 
only 4 of )Districts covered. Forty per cent of farmers 
in both Kabale and Apac said they used this method, 
29(' in lIganga and I(% in Gul. However, the imponr-
iancC of"drying is still unclear because no assessment 
has been made oI' quantities produceC. percentage (if 
the total harvest dried, and because of the limited 
coverage ot the survey {9 Districts out of 39t. 

The only cases of storage encounterej during this 
rapid appraisal were of the dried form in Kumi and 
Soroti Districts, where the sliced and dried form i-
known as tnukeke, and the m,, -hed and dried form is 
known as iniinvo. Dernand for these dried products 
cists in local urban centers and traders transport them 
further north to Moroto District. but not to the south. 
)ried sweetpotatoes that have become mouldy can be 

fermented into the local spirit waraii). Some traders 
hu\ the cruder firin of waragiand distill it further to 
mike a piurr spirit. 

It wa, not possible to assess the importance of 
dryim, which would require a more detailed study. 
Ilowever, it was clear from;. discussions that dried sweet-
potatoes are verx important as a famine reserve crop in 
the I)istricts where tis is practiced. It ensures food 
ecuritv nit mily for tile stock-holding household, but 
,i the whi le ci immunity. In times )f famine those 

without food reserves work for those who have in 
exchange for dried sweetpotatoes. It is likely that the 
practice of drying was traditionally carried out in areas 
where agro-ecological conditions resulted in periodic 
droughts, production short-falls, and famines. The im
portance of dried sweetxtatoes isanother area suitable 
for further investigation. It may well be changing due 
to the increasing use of monetary payments, and the 
greater availability of alternative ood staples such as 
maize meal. 

Limited storage of sweetpotato tubers has been 
reported in underground pits covered with either earth 
or leaves. However, the period of storage by this method 
is rarely more than one week (Mwanga and Wanyera 
1988); it is not clear how widespread this practice isand 
proiblems of sprouting and rotting have been reported 
(Bashaasha et al. 1993). 

Demand 

As incomes rise, the future demand for food could 
witness asignificant shift outof rootcrops into livestock 
products, since the income elasticity of demand for 
,weetpotato and other I crops which comprise the 
dietary staples, is estimated by some observers to be 
well below one (World Bank 1992).2 

However analysis of time-series data by Vanegas 
and Bashaasha ( 1991 ) has shown that the income elas
ticity of demand for sweetpotatoes is positive. although 
low at 0. 14. Sweetpotato is therefore not an "inferior" 
good (Bashaasha and Mwanga 1992), and thus demand 
for the crop is set to increase as the economy expands. 

The National Household Budget Survey, which was 
carried out between April 1989 and March 1990, gives 
details ofthe purchases ofa numberofbasic staple foods 
made by different catege. ies of households. 3 Data on 
sweetpotato purchases are summarised in Table 6. 

As might be expected, purchases of sweetpotatoes 
comprise a smaller part of total expenditures in the 
Central (urban) and F.astern (urban and rural) region 
where production tends to be highest, These two regions 
also allocate less of their t,tal household expenditure to 
food in general than the Western and Northern regions. 

Ihe Ilou,,chld B~udget Survey shows that approsi mately one-third oftihe diet of the rural areas is made up of iatooke, sweempotatoes, 
pfuiaies. urid hhtr sirchy staples. cormparCd with less than one-quarter of the urban diet (World Bank/UNIPn 1 Project 1991 ), 'Theref(rc. 
js tie Polutaimi heChrnes ncreasin,)\ urhanized. fundamental changes can be expected to take place in the national diet. 

A numher of diircts were not covered by the Ilousehold Budget Survey. two in the Eastern region and five in the Northern region. 
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Table 6. Proportion (%) of monthly household 
consumption expenditure on sweetpotato, 
by geographical region. 

Region Urban Rural Total 

Central 2.09 4.54 3.75 
Eastern 1.95 4.15 3.80 

Western 2.52 4.68 4.51 

Northern 4.22 4.27 4.26 

Uganda average: 2.20 4.50 4.04 
Source. World Bank/UNDP Project 1991. 

In value terms, the average monthly expenditure on 
sweetpotatoes was t.sh 1,393 (Table 7). Surprisingly, 
perhaps, expenditure was slightly higher in the rural 
than in the urhan areas. The average retail price of 
sweetpotato during the year of the survey was USh 72.7 
per kg. It is appreciated that this is the retail price in 
Kampala and is likely to be significantly higher than the 
prices prevailing in many of the rura! areas in which 
purchases took place. Nevertheless, it can be 
hyxthesised that an average of at least 16 kg per month 
was purchased by households in the urban areas and 
approximately 20 kg per month by households in rural 
areas. 4 

Recently, a more limited study was undertaken of 
food expenditures made by a family in the suburbs of 
Kampala. It revealed that an average of 20 kg of sweet-
potatoes were consumed each week and that purchases 
of the crop accounted for approximately the same 
proportion (9%) of total expenditure on food and sundry 
items in 1990 as they had done in 1971 (Bigstr:n and 
Kayizzi-Mugwera 1992). 5 

Compared with the other staple food crops, average 
expenditure on sweetpotato throughout Uganda ranks 
behind inatooke, maize, and cassava (Table 8), although 

Table 7. Average monthly expenditure (USh)
 
on sweetpotato by region.
 

Location 

Region Urban Rural Total 

Central 1,205 1,656 1,552 

Eastern 966 984 982 

Western 1,255 1,677 1,652
Northern 1,196 942 965 

Uganda average 1,175 1,424 1,393 
Source: World Bank/UNDP Project 1991. 

it is relatively more important in the Central and 
Western regions and much less so in Eastern region, 
where production is relatively less significant. 

Tastes and preferences 

The preferred sweetpotato tuber is large (but not too 
large or the sugar content is lower), with a high starch 
content and not "stringy". Small tubers are not liked due 
to the difficulties involved in peeling them and because 
they quickly become over-cooked when boiled. The 
tubers have to be eaten within 3 to 5 days of harvest, as 
their quality declines rapidly. 6 They are normally 
peeled, boiled until soft, and then eaten while still hot 
with a sauce. Weevil infestation is reported to give the 
tubers an unpleasant "bitter" taste. 

In parts of the country where the tubers are dried, 
these are either rehydrated in boiling water or ground 
to make a flour which may be added to millet or sor
ghum flour. Roasted sweetpotatoes are an increasingly 
popular food item, cooked and sold in the urban markets 
at the height of the sweetpotato season (December-
January). 

4 The average household size as recorded by the Household Budget Survey (HBS) was 4.5 in the urban areas and 5.6 in the rural areas, 
giving anational average of 5.5 people pr household. The consumption figures presented here indicate that the average annual quantity 
of sweetpotato purchased per head amounts to approximately 42 kg in both urban and rural areas. With average production per capita
estimated to he approximately 104 kg, the HIS data would suggest that a relatively high propoition of the crop (40%) is marketed, 
double the esftimate made by the Planning Division quoted earlier (Uganda National Food Nutrition Council Sub-Committee 1992). 

• Compared with 25(/( on niatooke in 1990 (a slight increase from 1971), 10% on maize (little change), and 5% on cassava (a slight 
decrease) 

6 This compares with cassava which should he eaten within one day of harvest. 
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Table 8. Proportion (%)of average monthly total 
household consumption expenditure on 
major starchy staples. 

Location 

,Vatooke 7.02 11.38 10.50 

Maize 3.26 4.67 .National 

Cassava 1.99 4.85 4.28 

Sweetpotato 2.20 4.50 4.04 

Millet & sorghum 0.74 3.69 3.09 

Rice 1.97 0.85 1.07 

Total food 51.08 63.25 60.82 

Source. World Bank/UNDP Project 1991. 

Nutrition 

The 19Y4 Uganda Food Strategy Study (quoted in 
Odogola and Kaliisa 1989) estimates that the average 
proportion of staples in the Ugandan daily diet is: 
cereals 39%, plantain 33%, cassava 20cc, and sweet-
potato 8%. It states that sweetpotato is an important 
component of the diet in all agro-ecological regions 
except Karamoja District in the northeast (see Map I 

Macdonald (1970) reported that in that year the 
total calories supplied by sweetpotato ranked behind 
those supplied by cassava and bananas. A recent sector 
review (World Bank 1992, Volime 11)notes that sweet- 
potato is ranked fourth, accounting tor 10c of' the 
calories available per head of population compared with 
28% provided from cereals, 26% from bananas, and 
19% from cassava. Sweetpotato accounts for 131 ofthe 
average gross volume of food available, 

No instances were recorded during the production 
survey (Bashaasha et al. 1993) of" sweetpotato leaves 
(vines) being used for food, although Mwanga and 
Wanvera ( 1988) note that in some cases they are "used 
,is spinach", and also as animal feed and food for Tilapia 
vpp. in fishponds (ibid.). 

Marketing 

Marketing flows 

It is estimated that 20% of the sweetpotato harvest 
(amounting to 393,000t in 1990) is marketed each year, 
approximately the same as the proportion of the cassava 
harvest (MAAIF Planning Division, quoted in Uganda 

Food Nutrition Council Sub-Committee 
1992). 

As might be expected, the direction of marketing 

flows is from the producing areas towards Kampala and 
other urban centres. In Soroti, it was reported that at 
peak harvest time lorries also come from Kenya and 
Somalia (Makai, 0. pers. comm.). 

Observej shave noted that the marketing of the crop 
isconstrained by 'he high bulk/low value nature of the 
crop, by its high perishability, by transport and market
ing constraints, and by the absence of any processing 
infrastructure (Bashaasha and Mwanga 1992). It has 
also been noted that difficulties of transporting the crop 
meant that there was, until recently, no national market 
for sweetpotato, but rather a series of geographically 
discrete and relatively independent marketing systems 
(Vanegas and Bashaasha 1991). 

The situation has now improved considerably fol
lowing an extensive (and ongoing) programme to 
rehabilitate both trunk and feeder roads; similar efforts 
are being made to improve the railway infrastructure. 
The national lorry fleet has also been augmented in 
recent years. One commentator has noted that, "Im
provement of the transport services, via (sic) repairs of 
roads and other infrastructure, has been the single most 
important outcome of the adjustment efforts" (Kayizzi-
Mugerwa and Bigsten 1992). However, the costs of 
transportation are considered to be high, which is one 
justification for maintaining or increasing the levels of 
investment in rural feeder roads. 

The study team was able to obtain a limited amount 
of data from the Kumi District Treasurer's office on the 
total amount of revenue collected in recent months from 
a tax levied on each sack of sweetpotato wnich is 

transported out of the District, usually to Kampala 
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(Table 9). The tax of USh 200 per sack levied is used 
for the District Development Fund (DDF). The monthly 
data gives an idea of the quantities of produce being 
marketed outside the district and the timing of sales. 7 

Table 9. Tax collected from sweetpotato 
marketing, Kumi District. 

Months Revenue collected Bags 
(USh) 

September 1992 160,600 803 

October 1992 867,850 4,339 

November 1992 2,954,655 14,773 

December 1992 1,438,600 7,190 

January 1993 897,940 4,490 

February 1993 1,208,880 6,044 

Since each sack contains approximately 100 kg of 
sweetpotatoes, we can calculate that in the peak month 
of November almost 1,500 t of sweetpotato were being 
transported to market outside Kumi District. Over the 
six month period f:r which data were obtained, the total 
quantity of produce taxed on leaving the District was 
3,764 t. 

Market structure 
The structure and main participants involved in thesweetpotato marketing system (Fig. I) have been com

piled from the information provided during interviews 
and each component is described in the sections below.Although a distinction has been made between 

producers and rural and urban traders, in practice these 
functions may overlap. For example, there areproducers who also trade. 

During the study some variation was found in the 
characteristics of the sweetpotato farming system and 
mechanisms of marketing, depending on the District 

Figure 1.Structure of the sweetpotato marketing system in Uganda. 

Large Prouce 

producer Prdcrtrader 
Producer/] 

Localpublic__
institutions 

Rural trader 

Urban trader/bus crews 

Lclmres 
consumers 

Urban markets 

Exporte Urban consumers 

7 It is felt by some officials that the DDF tax may not have been levied on all the sweetpotatoes transported out of the District. 
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and proximity to the main urban markets of Kampala. 
Twenty-one individual and two groups of large and 
small producers were interviewed, including some 
large-scale, commercial growers in Mpigi and Kumi 
Districts. Most of the producers depended entirely on 
agriculture, including sweetpotato, for their incomes, 

It is crucial that the tubers are sold immediately 
after harvest because of their perishable nature. Where 
production isgreatest such as in Kumi, traders come to 
the farm with hired transport and labor, sort and bag the 
sweetpotatoes and transport them away. Some large 
producers organize their own transport to major urban 
markets in Mbale and Kampala but this can be difficult 
without contacts, and they may have to sell through a 
middleman or broker. Without contacts the traders are 
able to exploit the crop's perishability and offer low 
prices. One producer who tried to sell in Kampala in 
December 1992, a period when prices typically fall 
(Bashaasha n.d.), found the price did not cover the 
additional costs incurred. 

Where producers are smaller and more likely to 
harvest and sell piecemeal, rather than all at once, they 
almost always transport the produce to the roadside or 
nearby market center. Transport is most often by head-
load, bicycle, or hired wooden wheelbarrow, and there 
is said to be no difference between the selling price at 
the farmgate or the roadside to take account of transpor-
tation. Producers either wait at the roadside for traders 
to come to them, or in some areas traders wait at 
strategic points on the road and buy from passing 
producers on their way to town. In town, producers sell 
sweetpotatoes to consumers, market retailers, traders 
who come from Kampala by train or road, and long-dis-
tance bus crews en route to Kampala. 

In districts closer to Kampala such as Mpigi and 
Masaka (see Fig. I), marketing channels are more es-
tablished. Often traders come to the farms, again with 
transport and labor, where they sort, bag, and transport 
the produce. There were rcports that fewer traders were 
visiting the farms, requiring the producer to transport to 
the roadside or local markets, probably because of 
greater quantities coming from other areas. Some 
farmers have links or informal contracts with local 
schools or institutions which provide them with a 
regular guaranteed outlet for their produce. 

Rural traders 

There are three main types of traders in the rural areas 
who typically buy directly from the farmers: 

9 	Small market retailers buying mainly from farmers 
who bring produce to the market, and sell to con
sumers; 

& Farmers and/or traders who buy from producers and 
supply nearby markets or transport to the main urban 
wholesale markets; and, 

Other intermediaries such as long-distance bus 
crews. 

All of these traders tend to deal in a range of 
different produce depending on the season, and during 
the peak season can market up to several hundred bags 
of sweetpotatoes per week. In Kumi, the number of 
traders buying sweetpotatoes was said to have increased 
as supply and demand increased. Few barriers to entry 
appear to exist at this lvel with the main requirement 
being the ability to pay the market dues or local taxes. 
However, good contacts with individuals in urban 
markets are essential. 

There are no sources of formal credit available. 
Traders take produce on credit from farmers, borrow 
money from relatives and friends, or accumulate capital 
from other activities. One trader who had borrowed 
USh 1.2 million said he was paying USh 100,000 per 
month in interest. 

Prices are said to be set according to forces of 
supply and demand, strongly influenced by the prices 
prevailing in the Kampala markets and marketing costs. 
When buying directly from farmers, the traders 
negotiate the price just before sorting and bagging. 
Urban traders in Kampala markets can exert consider
able influence over rural traders, who may not get paid 
until these intermediaries have sold the produce and 
taken acommission. 

Urban traders 

Urban traders are wholesalers and retailers based in 
urban areas, particularly Kampala and Jinja, who buy 
directly from farmers or from other intermediaries such 
asaruraly traders or bus crews bringing sweetpotatoes 
from the producing areas. 

Kampala is the largest urban center with apopula
tion of 773,463 in 1991, followed by Jinja (population 
60.979) (1991 census, quoted in Ministry of Finance 
and Economic Planning 1992). There are numerous 
formal markets in central Kampala operated by Kam
pala City Council (KCC): the largest and most important 
is Owino which acts as both a wholesale and retail 
market. Nakaseru is the main retail market and the 
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oldest market in Kampala, established in 1927. It is 
reported to have the best quality and range of produce, 
and also the highest prices. There are 14 markets in 
Jinja, operated by the City Council, managed in a 
similar way to those in Kampala, the main market being 
the Central market. 

The urban markets are managed by a Market Ad- 
ministrator, appointed by the City Council, who is 
responsible for the daily operations and collecting 
market dues. Each market also has a Market Manage-
ment Committee comprised of traders and the Ad-
ministrator. The markets are divided into sections by 
commodity, and traders apply to the Administrator for 
a stall or "pitch" in a particular section. Once this is 
allocated, atrader of sweetpotato, for example, cannot 
easily change to selling matooke, which requires the 
allocation of astall or pitch in adifferent section of the 
market. The exception to this is in the retail markets such 
as Nakaseru where sweetpotato issold with arange of 
other vegetable crops. 

Exporters 

There are a small number of exporters of sweetpotato 
ased in the Kampala area who have contracts with 

certain large growers in areas such as Buganga, to the 
west of Kampala. These are firms which specialize in 
the export of"Asian" vegetables including sweetpotato, 
mainly to Europe. At harvest, they send their staff who 

Table 10. Sweetpotato exports (kg) by air from 
Entebbe,_1992.' ____________ 

Month Quantity 

July 1,029 

August 1,528 

September 1,410 
October 1,134 

November 1,770 

December 1,919 


Source: Nakazi, J.Plant Protection Unit, MAAIF 
tper . comm.) 

"According to both government officers and horti
cultural exxorters, this data, which has been obtained 
froIm cuqtms declaration certificates, are thought to be 
unreliable 

select produce of the required shape and color, which is 
then boxed in the field (usually in 7kg cartons) before 
being transported to the international airport at Entebbe. 
White-fleshed, red-skinned varieties which have oblong 
rather than a rounded shape, are demanded by the 
European market. Interestingly, in marked contrast to 
the Ugandan market, yellow-skinned varieties are not 
acceptable.
 

The principal market for Ugandan sweetpotatoes is 
the United Kingdom (UK), with smaller quantities also 
being sent to Switzerland, Italy, Denmark, and Sweden. 
Details of exports of sweetpotatoes in recent months are 
given in Table 10. The main supplier of sweetpotatoes 
to the UK market is said to be South Africa which 
transports them by sea. European whnlesalers usually 
request supplies from Uganda when there are shortfalls 
from the normal supplying countries. 

Urban consumers
 

Urban consumers were interviewed in Kampala and 
Jinja to obtain some idea of the main food staples 
consumed, their preferences for staples and varieties of 
sweetpotatoes, and constraints to increased consump
tion. As has already been mentioned, other studies have 
shown that the income elasticity of demand for sweet
potatoes is positive, although low (World Bank 1992: 
Vaneras and Bashaasha, 1991). However, the 
1989/1990 National Household Budget Survey showed 
that in urban areas, high-income families consume more 
matooke and potatoes than cassava and sweetpotatoes,
while the reverse is true for low-income families. 

A number of commentators have noted that the 
habits of urban consumers are changing, with agradual 
shift from matooke to more expensive but easily
prepared maize meal (posho). This supports Vanegas 
and Bashaasha's (1991) finding that in many urban 
areas of the country, root crops are regarded as "poor 
people's food". Unfortunately, no time series data are 
available which would confirm these changing food 
habits. These trends may also have been affected in 
recent years by the changes in cassava and matooke 
production and their possible substitution by sweet
potatoes. 

Prices
 

Given the high rates of inflation experienced in Uganda, 
Table I I shows the retail prices of the main staple food 
crops in constant (1987) prices. From the data presented 
there is little evidence of any significant trend in the 

264 



Table 11. Real price (USh/kg) of starchy staples and beans deflated by CP!(1987=100). 

Consumer price
Rice Beans Cnde pi)

Marooke Maize meal Sweetpotato Dry cassavaYear index (CPI) 

1986 5.3 7.5 3.8 3.8 31.7 6.6 70.7a 

1987 9.1 25.4 10.2 14.6 54.0 36.7 100 a 

1988 8.6 25.2 12.3 15.2 61.8 30.3 296 a 

1989 11.6 55.8 13.8 18.2 65.7 35.2 478a 

1990 9.9 40.3 10.2 18.6 65.4 32.1 636b 

1991 9.8 35.8 12.7 15.5 54.4 29.0 815 b 

1992 12.5 42.2 15.2 27.8 59.7 35.5 12421 

1993c I1.1 25.7 9.0 22.0 51.3 22.4 1635 b 

Source: Calculatedusing data from the Statistics Department 1993 and Ministry ofFinance and Economic Planning 

1992. 
a Coriposite CPI. 

" Kampala CPI. 

January 1993 figures are included for indicative purposes only. 

retail prices of the six locally-produced food crops since 
1987, apart from a slight upward trend in the price of 
dried cassavaY The real price of most of the crops rose 
steeply in 1989 and again in 1992, most probably as the 
result of the relatively low rainfall which adversely
affected output, particularly in the south and west of the 
countre during 1 i u92. 

While the prices of food crops have generally been 
maintained in real terms, cash crop prices have tended 
to fall. This has provided an incentive for farmers to 
shift into food :rop cultivation. Thus the growth in the 
agricultural economy between 1981 and 1990 was the 
result of the strong growth in food production, at an 
annual rate of 3.3%- whereas the value of cash crop 

output increased by onl' 0.9%. 

In marked contrast to the experience since 1986, 
future prospects are for an increased "softening" in the 
prices of food crops in general, with domestic market 
demand forecast to expand only gradually over the next 
decade, influenced by changes in the growth of the 

domestic market. Given the growing shortage of land, 
future increases in rural incomes from food crop 
production will therefore depend increasingly upon 
technological change and gains in labor productivity 
(World Bank 1992a). The need for an expanded
programme of food crop research is therefore clear. 

Retail prices of the different starchy staples relative 
to those of sweetpotatoes have remained remarkably 
constant since 1987 (Table 12).The relative price of ricL 
has possibly declined slightly, although it would bc 
necessary to include observations from a few additional 
years before any trend could be confirmed. 

Annalsisof weetpotato monthly retail prices in
An analysis of s 

Kampala over the 1989-1992 period showed that there 
is a definite seasonal price trend (Bashaasha n.d.). The 
lowest prices are recorded in June, the main harvest 
period nationally. Prices peak towards the end of the 
vear due to the drying up of supplies and the increased 
demand which is registered in the run up to Christmas. 

1987 was chosen as the begining of the period of analysis because food markets throughout Uganda were severely disrupted by the 
war during 1985-86 (World Bank 1992). 
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Table 12. Price of starchy staples and beans relative to sweetpotatoes (%).a 

Year Matooke Maize meal Sweetpotato Dry cassava Rice Beans 

1986 1.39 1.98 

1987 .89 2.49 

1988 .69 2.04 

1989 .84 4.04 

1990 .97 3.95 

1991 .77 2.83 

1992 .82 2.78 

Source: Statistics Department 1993. 
"Price data isonly collected in Kampala. 

Constraints to Sweetpotato
Marketing 

Producer level 

During the study, 21 individual producers and two large 
group discussions, with atotal of 69 farmers were held, 
at which they were asked to list and then rank the 
problems they faced in marketing sweetpotatoes. This 
ranking isgiven inAppendix 2and summarized inTable 
13 as the proportion of respondents mentioning each 
constraint, 

Lack of or unpredictable markets isby far the most 
serious constraint producers face in marketing their 
produce, particularly reflected in low prices at times of 
peak supply which ha'e a significant impact on 
profitability. The lack of markets reflects the recent 
increases in the production of sweetpotatoes described 
earlier, leading to aglut at peak harvest times. Producers 
are therefore forced to sell at a loss, suffer physical 
losses, or both. 

Transport involves several issues including lack of 
transport from the farm to markets, the costs of hiring 
transport either locally or to larger urban markets such 
as Kampala. and transport unreliability resulting in los
ses either at the farm or during transportation becausc 
of mechanical breakdown. Poor roads were occasional-
ly mentioned but, as asimilar study found (Kristjanson 
et al. 1992), not as often as might be expected. This 
problem may, however, have been underreported due to 
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1.00 1.01 8.37 1.74 

1.00 1.43 5.31 3.61 

1.00 1.23 5.00 2.45 

1.00 1.31 4.76 2.55 

1.00 1.82 6.40 3.14 

1.00 1.22 4.30 2.29 

1.00 1.83 3.92 2.33 

the limited geographical coverage and urban bias of the 
study. 

Perishability was noted as aproblem by 22% of the 
key informants, although none ranked it as the mostimportant. However, it iscentral to the constraints out
lined above. The perishable nature of sweetpotato 
makes it a highly inflexible crop in terms of responding 
to unpredictable markets and oversupply, with substan
tivl losses if it is not transported and marketed immedi
atelv after harvest. This increases the risks to producers 
from incurring additional marketing costs in order to 
benefit from higher prices further along the marketing 
chain. Traders take advantage of the product's limited 
I'shelf" life which puts them in a strong position vis- 
vis producers. 

High market dues and taxes incurred in selling the 
crop away from the farm, combined with the greater risk 
involved in trading further along the marketing chain 
because of perishability, act as a barrier to small 
producers becoming more involved in off-farm sweet
potato commerce. The main costs are the market dues 
paid at organized market centers, which in some cases 
have to be paid whether or not the produce is sold, and 
a local municipal tax charged on produce leaving the 
district. 

Dishonest practices were reported in a number of 
cases. T:aders took advantage of producers, particularly 
during times of glut, by procuring their sweetpotatoes 
on credit and never pay'ing for them. 



Rural traderlevel 

For rural traders there are two major constraints to 
sweetpotato marketing, transport and perishability 
(Table 13). 

Once again the key issues are availability, high 
costs and unreliability of transport, and they apply to 
wholesalers rather than retailers. To transport sweet-
potatoes over long distances such as from Kumi to 
Kampala, traders usually hire "Tata" lorries from Kam-
pala at acost of USh 400,900-450,000 for one journey. 
Thes, Iorrles carry up to l0 t or approximately 100 bags, 
and are often overloaded. Traders usually have to pay 
either the whole cost of hire or at least 50% in advance 
which, combined with buying and other marketing 
costs, requires substantial outlays of working capital. 
During the peak season, sweetpotatoes are also 
transported at night because of the availability of 
transport and the lower temperatures, which mean that 
the produce reaches the market in better condition. 

An alternative in areas such as Soroti and Kumi 
Districts is the recently-restored passenger train service 
which arrives from Kampala on Fridays and returns on 
Saturdays. This means of transport has cost advantages 
but also has a number of drawbacks including: 

* 	The train does not arrive in Kampala at atime when 
the produce cmn b- sold immediately, resulting in 
delays and ;osscs. An alternative would be to or
ganize a specil goods train, particularly at peak 
harvest time. with atimetable tailored to the needs of 
traders: 

The journey usually takes around 36 hours but it can 
take much longer with numerous delays; 

9 	The metal wagons generate considerable heat which 
accelerates the deterioration of sweetpotatoes and 
other produce. This could be minimized by organis
ing goods trains traveling at night, scheduled to 
arrive in Kampala in the early morning ready for the 
wholesale markets; and, 
The off-loading point in Kampala is frequently 
changed, leading to confusion amongst buyers. A 
perane n pint toron fus i e would es.lA 
permanent point with storage facilities would resolve 

Perishability was also widely perceived as a con
straint. Given the perishable nature of sweetpotatoes 
any delays in transportation result in physical and con
sequently financial losses. 

Lack of available credit means rural traders must 
rely on borrowing from family, friends, or the informal 
sector and are therefore open to possible exploitation. 

High market dues and taxes occur because rural 
traders have to pay dues of USh 300 - USh 500 per sack 
when selling, and alocal tax if transporting the roots out 
of the District. This latter tax is set by the District 

Council and varies by District, but ranges from USh 200 
to USh 3(X) per sack. 

Dishonest practices refers mainly to farmers mis
representing or mixing preferred varieties with less 
desirable ones. 

Table 13. Marketing constraints identified by producers and traders (%). 

Constraint 

Lack of or unpredictable markets 

Transport 

Pen shabilityv 

High market dues and taxes 

Dishonest practices 

Lack of credit 

Competition 

Quality 

Poor storage and market facilities 

Producer Rural traders Urban traders 

91 15 85 

61 85 31 

22 69 77 

17 23 

13 15 

23 

15 15 

31 

31 
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Competition involving an increased number of 
traders engaged in sweetpotato marketing and conse-
qtuently increased competition was reported, probably 
because of recent changes in production. 

Lack of or unpredictable markets is less of acon
straint than at other levels in the marketing chain be-
cause rural traders tend to deal in arange of produce and 
are therefore more flexible. 

Urban trader level 

Urban traders were interviewed in Owino ( 16 traders), 
Kalerwe (2), Nakaseru (3), and Nateete (3) markets in 
Kampala and in the Central market in Jinja (8). The main 
constraints which they reported are set out in Table 13. 

Lack of or unpredictable markets relates to the 
seask~llalit v a ilt of sweetpotato productionvariability
and prices throuethout the country, as well as the ap-
parent abundance of produce in 19")2 and its low income 
elasticitv' of demand. 

Perishability is most serious at the urban level due 
to the deterioration which takes place as a result of the 
time involved in transporting the produce to marke, as 
well as the damage during harvesting, bagging, 
transportation, and handling. 

Transport isa much less significant constraint be-
cause most long-distance capacity originates in the 
urban areas, therefore urban traders are able to organize 
it relatively evsily. 

Quality constraints, particularly as they relate to 
damage during harvest as well a:; insect damage, arise 
because of the higher price of produce further along the 
marketing chain, and the greater influence which is 
exerted b' consumers. In retail markets, where traders 
are more (dependent on regular customers, they often 
have t, replace the sweetpotato tubers which their cus-
tomers find to be discased or damaged internallv, 

Poor storage and market facilities is more of a 
constraint in urban areas where demand for such 
facilities isgi-ater and their availability is limited, and 
often in a xoor .tate of repair. In many cases, markets 
have expanded substantially both in size and number as 
the urban population has increased. In several markets, 
there are "old or inner" and "new or outer" areas. 

Competition, as with rural traders, the number of 
urban traders was said to have increased, with new 
entrants being attracted by the opportunity to make a 
profit. It was not clear during the study whether traders 

in Kampala were dominated by a particular ethnic 
group, which might act as abarrier to entry. 

Exporter level 

Some constraints facing exporters of non-traditional 
horticultural products identified by Kristjanson et al. 
(1992) are equally applicable to sweetpotatoes. These 
include the following: 

Buyer identification and market information/intel
ligence is the greatest constraint to exporting fresh 
produce because identifying a buyer usually involves 
visiting potential markets in Europe or the Middle East 
which involves considerable expense. Even traders 
wishing to export to nearby countries such as Kenya 

reported significant problems with formalities such as 
obtaining a passport. This reportedly can involve the 
binnzapsoneed to make unofficial payments for apassport which

officially costs 5,)O. Most exporters 1Shof "Asian" 
vegetables identify buyers through personal contacts, 

but are unable to verify their integrity. This often results 
in problems between the exporter and the consignee. 

Air-freight constraints involve airport delays and 
the number of carriers of airfreight to Europe. Delivery 
requirements for cargo have gradually been relaxed, so 
that produce can be delivered to the airport twelve hours 

in advance, rather than the 48 previously required. 
Therefore constraints on the movement of horticultural 
produce to overseas markets have and will continue to 
diminish as the number of scheduled flights to desirable 
markets increases. 

Banking and credit policies are aconstraint because 
the export of agricultural produce isconsidered to be a 
high risk by financial institutions, which normally lend 
to individuals with substantial security, usually in the 
form of property. Land is not considered to be good 
security because land titles are not always clearly 
defined and lengthy legal procedures are required to 
obtain possession. Furthermore, some banks are said to 
require letters of credit before approving working capi
tal loans, which are inappropriate methods of payment 
for the horticultural trade and are not used elsewhere. 

Consumer level 

Urban consumers in Kampala and Jinja were asked to 
rank the staple foods, with the first ranking being given 
to those which they had consumed in the largest quan
tities during the past year, and those which they would 
prefer to consume assuming no constraints such as price 
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differences. This ranking is set out in Appendix 3 and 
those which were ranked first by the respondents are 
given as percentages in Table 14 below. This informa
tion indicates a strong bias towards matooke both in 
terms of quantity consumed and as the preferred stmple. 
This confirms previous reports on dietary preferen-
ces and information collected by the Household 
Budget Survey, as well as agricultural production data 
(Appendix I 

Table 14. Consumption (%) of and preference for 
staple foods. 

Food Most consumed Most prferred 

31 56 

Maize meal 31 0 

Rice 19 19 

Sweetpotatoes 12 19 

Potatoes 6 0 

Millet 0 0 

Although a positive but low income elasticity of 
demand suggests that there is some scope for increased 
consumption of sweetpotato, consumers gave anumber 
of reasons for not doing so. These included already 
eating enough; them not being apreferred food: or, only 
eaten to provide variety in the diet. Only once was it said 
that they were more expensive than other foods, and two 
consumers repo)ted that if eaten too frequently they 
cause digestive problems and diarrhoea. Similar 
problems were reported by Bashaasha et al. (1993) and 
could act as an additional constraint to increased con
sumrnpti(n. 

Losses 

The perishable nature of sweetpotatoes means that los-
ses are experienced at all levels of the marketing chain, 
but little work has been done to quantify them. An 
attempt was made to establish the magnitude and causes 
oflosses along the marketing chain by asking producers 
and traders to estimate the percentage of sweetpotatoes 
,spoilt and identify causes. Consumers were no~t asked 
since it was assumed that produce is bonight to be 

consumtu quickly, but a more detailed study should 
investigate losses at all levels. 

Because of perishability, the magnitude of losses 
will be directly related to time. Therefore, the more links 
in the marketing chain the more delays are likely be
tween harvest and consumption and the greater losses 
are likelytobe. Althougiithe figures inTable I5areonly 
rough estimates they do suggest that as much as 37% of 
production might be lost. If unexpected delays occur, 
for example from mechanical breakdown during 
transport, the levels of losses are much higher, and 
sometimes total. High levels of losses nay help to 
explain inconsistencies between per capita production
and consumption, as well as the percentage of produc

tion marVeteJ, that were highlighted earlier. 

Amongst producers, spoilt tubers are commonly 
fed to livestock, primarily pigs and sometimes cattle, 
although this can reportedly cause sickness, or used as 
a mulch on the fields. O,-e farmer in Masaka claimed 
never to suffer physical losses because he would rather 
sell at afinancial loss, for as little as USh 1000 per 100 
kg sack, than let the produce rot. One means of mini
mizing losses amongst producers in the drier north-east 
is drying. Although most traders said they threw spoilt 
produce away, some took it home to consume, or sold 
it for alower price. 

Table 15. Estimates of losses %) the'long 
marketing chain. 

Marketing level Range Average 

Producer!evel 0-4 1;.5 
Rural trader level 0-30 10.3 

Urban trader level 0.1-30 37.3 

Total 37.3 

Table 16 shows the percentage of key informants 
giving principal causes of losses, and how these vary 
along the marketing chain. At all levels, delay in selling 
was given as the most frequent cause, due to un

availability of transport or lack of markets. Losses 
caused b' exposure to sunshine or heat and damage at 
harvest become more frequent at the urban level, and 
those from delay during transport at the rural trader 
level, as might be expectCd. 
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Table 16. Principal causes of losses (%). 

Producers 
Rural 

traders 

Urban 

traders 
Delay in selling 73 46 5trunk 

Pests and diseases 45 38 38 

Sunshine/heat 23 15 62 

Delays during transport 14 46 8 

Poor handling -	 9central8 

Conclusions 
The rapid appraisal carried out cannot substitute for 

more detailed, in-depth studies, but it does provide a 

quick overview of the marketing system for sweetpotato 
and the constraints within that system. It enables a 
number of conclusions to be drawn about the perfor
mance of the system and recommendations to be made 
as to the direction of future research. 

It 	 has been widely reported that sweetpotato 

production increased substantially during the 1992 
season for a number of reasons, the most important 
being substitution for other crops such as cassava which 
was attacked by the cassava mosaic virus. This led to a 
glut and consequently low prices at peak harvest times. 

Marketing channels seem to be organized and 
responsivee 	 a

rsos'ieto variations in supply but face anumber of 
constraints, the importance of which differ at each stage 
of the marketing chain. 

Lack of or unpredictable markets-this is the 

result of the recent increase in production and limited 

market amongst urban consumers because of preferen-
f:r other foods, namely matooke, and saturatedces 


demand. Future research should be channeled into: 


" 	A longer-term study to verify this reported increase 
in production, its extent, and sustainibilitv. 

Examining the technical and economic feasibility (f 
processing sweetpotatoes into new, less perishable 
products and by-products for human and animal con-
sumption, and possibly for industrial uses. 

" 	 Examining new markets for fresh sweetpotato and its 
products, particularly export markets in Europe, the 
Middle East and neighboring countries in Africa. 

Transport-the issues are related to availability, 

reliability and high costs, which should be left to market 
forces and the private sector to resolve. The need to 
upgrade and maintain both rural feeder roads and main 

routes is another aspect that requires constant 
attention. Greater use of alternative means of transport 
such as railroads is an issue that should be considered, 
most likely as part of alarger transportation or market
ing project. 

Perishability-this characteristic ofsweetpotatoes is 

to many of the constraints identified. If the crop 
were not perishable its timely harvest and transportation 
would not be such important issues. Research should 
focus on: 

Accurately assessing levels of losses at all stages oftemreigcan 

* 	 Identifying varieties that are less perishable after 
harvest. 

Identifying varieties that can be "stored" in the 
ground for longer as with cassava, thus extending the 
harvest period and evening out the fluctuations in 
suppl. 

Developing postharvest storage technologies and 
techniques such as "curing" which is done with 
Solanuin potatoes. Some promising results using 
polythene bags were said to have been achieved at 
Kawanda Research station (S.Nandi, pers. comm.). 

Investigating the technical and economic feasibility 
of using cultural practices such as staggered planting
and harvesting to reduce and even out production
gluts. 

The lack of marketing information is an issue that 
oseepttgsntcnie u scmo
 

Is not confined to sweetpotato but is common 

throughout the marketng chain, from producers to ex

porters. Although lack of information was never givcn 
as a constraint, man) traders requested information 
from the study team, particularly concerning new 

markets. The availability of accurate and timely market
ing information concerning price, supply and demand 
data would enable resources to be allocated more effec
tiN ely by the different participants. A number of institu
tions exist whose functions theoretically include 
collecting market information. However, they lack the 
financial resources to function effectively. These in
elude: 

The Marketing Section of the Production Division of 
MAAIF 
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" 	The Planning Depa,-ment of the Ministry of Com-
merce, Cooperatives and Marketing 

" 	The Ugandan Export Promotion Council 
* 	 The Export Policy Analysis and Development Unit 

(EPADtJ) of the Ministry of Finance and Economic 

Planning 

* 	 The Association of Horticultural Exporters 

" 	The Horticultural Farmers Association 

There is a need for the information collected by 
each of these bodies to be coordinated, standardized, 
and possibly centralized to avoid duplication. It should 
also he analysed and the results disseminated in atime!y 
fashion since the value of market information depends 
on it beinp ip-to-date and available. 

Although some of the constraints are particular to 
sweetpoltato others such as the need for improved 
transport and infrastructure, greater availability ofarktinginfrmd:oncredt, nd iiprved rtsBashaasha, B., R.Mwanga, C.Ocitti p'Obwoya and P.c r e d it .a n d i m pro ved m ar k et i n g i nfor m a i on a r e .om- wl .d w e t 
mon to many agricultural crops, and would require 
considerable resources if they are to be addressed in a 
sustainable manner. 
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Apendix 1.Production of staple food crops in Uganda, 1970-90. 

Year Sweetpotato Matooke Cassava Maize Finger millet Sorghum Beans 

1970 1,570 7,657 2,578 389 783 462 388 
1971 1,425 7,575 2,417 421 650 348 222 
1972 1,224 7,634 2,650 500 594 419 237 
1973 1.232 8,126 2,132 419 643 380 170 
1974 1,786 8,879 2.350 430 591 345 196 
1975 1,953 9,106 2,992 570 682 467 326 
1976 2,002 8.137 2,838 674 567 390 337 
1977 1,659 8.531 2,993 566 578 344 253 
1978 1.689 8,855 2.028 594 561 351 291 
1979 1272 6,090 2.100 453 481 316 182 
1980 1,200 5,699 2,072 286 459 299 133 
1981 1,300 5,900 3,034 342 480 320 240 
1982 1,487 6.596 3,127 393 401 270 237 
1983 1,843 6,487 3,239 413 545 407 314 
19':4 1.630 6,250 2,969 338 332 247 295 
1985 1,664 6,468 2,700 354 480 310 267 
1986 1.865 6,565 2,900 322 427 280 267 
1987 1,67;1 7,039 3.101 357 518 315 299 
1988 1,716 7.293 3.271 440 578 344 338 
1989 1,658 7,469 3,568 624 610 347 389 
1990 1,780 7,791 3.339 584 564 360 396 

Source. World Bank 1992, Volume Ill. 
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Appendix 2. Ranking of marketing constrains at producer level. 

Constraint Producer or group number 

I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Lack of or unpredictable markets I I I I 2 2 2 2 I I I 1 1 
Transport 3 2 3 2 I I I 2 1 2 
Perishability 2 3 3 
High market dues and taxes I 
Dishonest practices 4 2 

/cont.. 

Constraint Producer or group number 

%Ranked %Ranked 
16 17 18 19 20 21 GI G2 overall first 

Lack of or unpredictable markets I 2 I 1 1 I 1 1 91 70 
Transport 2 2 2 2 61 17 
Perishabilit\ 3 3 22 0 
High market dues and taxes 3 2 2 17 4 
Dishonest practices I 13 4 

Rankiog of marketing constraints at rural level 

Constraint Trade number 

%Ranked %Ranked 
I 2 3 4 5 6 7 8 9 10 11 12 13 overall first 

Transport 2 4 3 1 1 1 1 1 1 2 1 85 23 
Perishability I I I 1 1 2 2 2 4 69 38 
Lack of credit 2 3 I 23 8 
High market dues and taxes 4 2 2 23 0 
Dishonest practices 4 3 15 0 
Competition 3 3 15 0 
Lack of or unpredictable markets 2 2 15 0 

Ranking of marketing constraints at urban trader level 

Constraint Trader or group number 

%Ranked %Ranked 
12 3 4 5 6 7 8 9 0 11 GI G2 overall first 

Lack of or unpredictable markets 4 3 2 I I 1 2 2 2 2 5 85 23 
Perishability 3 I 4 1 4 2 I 3 I 3 77 31 
Transport 5 1 3 I 31 15 
Poor storage and market facilities 3 2 1 2 31 8 
Competition 1 1 15 15 
High market dues and taxes 2 5 15 0 
Dishonest practices 2 8 0 
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Appendix 3. Ranking of consumer consumption of staple foods and preferences. 

% Ranked % Ranked 

Most consumed food I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 overall first 

Maile meal 
Motoke 

Rice 

Sweetpotatoes 
Potatoes 
Cassava 
Millet 

I 

2 

2 

2 
i 

4 

3 

1 

3 
2 

4 

4 

I 
5 

2 

3 

1 

3 
4 

2 
5 

5 

6 
2 
4 

3 

I 1 

2 
3 

2 
3 

I 

4 

3 

I 
2 

3 

3 

1 

3 
2 

1 

3 

2 

4 

5 4 

2 2 

4 

3 1 
I 

3 

2 

4 

1 

3 

I 
3 

22 
4 

4 

1 
3 

6 

81 
75 
63 
100 

50 

44 
13 

31 

31 
19 

13 

6 
0 
0 

Most preferred food 1 2 3 4 5 6 7 8 9 !0 II 12 13 14 !5 
%Ranked 

16 overall 
%Ranked 

first 

Matooke 

Sweetpolatoes 

Rice 

.Maile meal 
Cassava 
Potatoes 
Millet 

I 
2 

I 

2 

3 

I 

2 
2 
3 

1 

2 

3 

4 

5 

I 
3 

2 
5 
5 

4 

I 

2 

4 

3 

I 

21 
3 
4 

3 

2 

I 
2 

3 

I 

2 
3 

1 
3 
4 

2 

2 

1 

4 

4 

3 
I 
2 

3 

1 
3 

2 

3 

I 

2 

4 

75 
63 
50 

63 
51 

38 

19 

50 

19 

19 

0 
0 
0 
0 
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IV. Products and Processing Research
 

Having analyzed the recent trends in production, marketing and utilization in the case of a 
particular commodity in a given country, the alternatives for new product and process develop
ment then could be assessed. Results of that assessment enable researchers to focus on particular
products or processes that have the greatest probability of success. This section begins by
outlining procedures to do this type of research. Experiences acquired with different products
and processes made from sweetpotato and cassava are presented in the subsequent papers. 

In order for a specific product cr process to realize its full potential, a systems approach calling
into consideration a number of interrelated factors provides a useful framework. In Research in 
Support of Process and Product Development, Rupert Best, Gregory J. Scott, and Christopher
Wheatlev describe procedures for analyzing consumers' tastes and preferences, market structure 
in terms of the number of buyers and sellers and the supply patterns for raw materials as well as 
for conducting technical product and processing research. Some specific methodological tools 
like creating an idealized system for converting the raw material into the desired product, and 
the use of project briefs are also explained. Examples based on potato processing in Peru and 
Colombia illustrate the application of these procedures. 

Cassav.- has the potential to help bridge the food gap in a number of countries south of the 
Sahara. However, full realization of that potential depends on obtaining more detailed informa
tion about the crop. In Commercialization of Cassava: Potentials for Production Growth in 
Africa, Felix 1.Nweke analyzes three important issues: the percentage of output marketed, the 
effect of commercialization on production growth and the constraints to the commercialization 
of cassava production based on results of the collaborative study of cassava in Africa (COSCA).
The findings indicate that as much as 45% of production is sold. Furthermore, improvements in 
market accessibility lead to diversification in products marketed. High labor requirements for 
cassava harvesting and processing as well as poor market access infrastructure are among the 
major constraints to increased commercialization of the crop. 

The impact of different additives and varieties on such things as loaf v.l,lme, taste, and texture 
is the focus of research by G. Eggleston and P. Omoaka in Alternative Breads from Cassava Flour. 
Raw or roasted soy flour, margarine with egg white, xanthan gum, and tuberous roots of the 
International Institute of Tropical Agriculture (ITA) improved cassava dones were the key
ingredients studied. The resulting breads have acceptable organolyptic and keeping qualities as 

277 



determined by the trained taste panels of Nigerian consumers. Successful marketing of such 
breads will depend, among other things, on the supply of high quality cassava flour to bakers. 

In Solar Dehydration of Cassava for Product ion of Flour for Local Foods in Kenya, Jasper 
K. Imungi examines the feasibility of producing cassava flour using rustic techniques. He 
subsequently explores file incorporation of cassava fIcur in composite flours as a partial sub
stitute for maize or wheat flour. His findings indicate that solar dehydration is only feasible 
during the dry seasons. Cassava flour could be acceptably substituted in some products up to 
50%, much less so in others. Future research needs to focus on the cost of production of composite 
flours and the market for such products. 

Instant weaning foods with high nutritional value are manufactured in Nigeria, but their high 
price makes them unaffordable to those potential users who may need them most. I.A. Adeyemi 
and O.L. Oke therefore suggest Cassava as an Alternative Raw Material for Weaning Food 
Manufacture in Nigeria as a means of bringing down the price of the final product. They point 
out that cassava has considerable promise in this regard. But, cassava-based weaning foods must 
be characterized from organolyptic, biochemical, nutritional, and rheological parameters in order 
to determine their commercial prospects. 

Peasant farmers in Burundi produce 650,000 t of cassava annually, but over 30% of output is 
lost due to the extreme perishability of the crop and the time-consuming nature of traditional, 
local processing techn:iques. In Introduction of GariMaking in Burundi, M. Beavogui describes 
efforts to introduce this product-consumed by millions in West Africa but unknown locally
which can be made in a relatively short period of time and stored for a year or more. After two 
years of work including equipment design and the establishment of demonstration plants, eight 
private units which produce gari from cassava have been launched. Many other private 
entrepreneurs in Burundi are interestcd in this type of small-scale agribusiness. 

Rapidly rising population, an urbanization rate of nearly 8%per annm and overdependence 
on maize as a basic staple have prompted interest in more intensive use of sweetpotato in 
processed form to help meet Kenya's mt"Throoming urban food requirements. In Processed 
Sweetpotato: Responding to Kenya's Urban Food Needs, Njeri Gakonjo reports on the resulis 
of her survey to measure consumers' reactions to a variety of sweetpotato products including 
different color fresh roots, sweetpotato chips (crisps), a mash made from sweetpotato flakes, and 
inclusion of 15%!,, sweetpotato flour in bread. She also analy.-cs the economics of sweetpotato flour 
production utilizing a number of different assumptions regarding raw material prices, marketing 
margins, and selling prices. The findings are useful to the extent that they identify the most 
promising products from the consumer's perspective and those factors that need to be improved 
upon to optimize their commercial prospects. 

Food security in Africa is most often associated with satisfying quantitative or calorie die' 
requirements. In Biochemistry and Utilization of Sweetpothto for Animal Feed: Implic ,ins 
for Food Security in Africa, Olumide 0. 'Tewe argues that animal protein must be inclLued in 
human food to provide the essential amino acids in order to guarantee qualitative food security. 
He then goes on to analyze the results of feeding trials conducted in Nigeria in which sweetpotato 
was used as a partial replacement for maize in rations for broilers, layers, pigs, and sheep. While 
the findings are promising, they point to the need for renewed efforts in specific areas, for 
example, dehydration and ensilage to reduce bulkiness and perishability, so as to fully realize 
the potential for sweetpotato as an animal feed. 
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Nutritional evaluation of sweetpotato cultivars that abound in Kenya has not been the subject 
of much research at the national agricultural research stations. Given the sweetpotato's curTent 
importance and future potential in local diets, this issue merits more systematic attention. In 
Cooking Characteristics of Three Sweetpotato Cultivars Grown in Kenya, N.K.O. Ojijo and 
E.G. Karuri compare these materials for their chemical composition and culinary traits. Their 
findings indicate a noteworthy difference in nutritional constituents between the cooked cultivars 
and therefore, perhaps, the need to carry out this type of analysis on a regular basis. 

Burundi consumeis utilized 14,000 t ot wheat flour in 1990. Nearly all that flour was imported 
and 99"',, was used for making bread. At the same time, each year Burundi harvests 650,000 t of 
sweetpotato, postharvest losses are high, and the roots are sold at one tenth the price of wheat flour. 
For these reasons, D. Berrios and M. Beavogui began Trials for the Introduction of Sweetpotato in 
Bread Making in Burundi. This work involved laboratory experiments as well as pilot production 
and a large consumer test. As the pilot production proved highly successful, the authors indicate 
that established bakeries have now taken over making the bread commercially. 

In The Use of Sweetpotato ii- Bakery Products in Cameroon, Adhiambo Odaga and Rose 
Wanzie document local efforts to substitute sweetpotato for imported wheat flour in a variety of 
forms. After numerous experiments and a series of trials in commercial bakeries both small and 
large, a dual-tracked strategy for sweetpotato substitution has emerged. Freshly grated sweet
potato roots are most appropriate for partial substitution for wheat flour in breadmaking. 
Sweetpotato flour shows greatest promise in the production of higher value baked goods such 
as cakes, doughnuts, and croissants. Tile combination of new uses suggests sweetpotato has 
considerable untapped potential in processed form in Cameroon. 
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Research in Support of Product 

and Process Development 

Rupert Best, G,egorv J. Scott, and ChristopherWheatleyt 

Abstract 

Consumers' tastes and preferences, market structure in terms of the number and size of participating 
firms, supply patterns for raw materials, and the state of existing processing technology are all key areas 
for product development research. This paper describes procedures for realizing the potential for new 
products and processes based on a systematic review of these factors. Market and consumer-oriented 
research methods are discussed first given that demand-driven processing endeavors have demonstrated 
the greatest probability of success. Farmer-level investigations are considered next so as to not overlook 
potential supply-side obstacles to product develepment. Product and process research is then outlined in 
some detail. The paper includes two appendices that illustrate the use of the procedures presented. 

Key words: markets, consumers, farmers, processes, methods. 

Introduction 

Having identified a product that appears to have com-
mercial potential, and knowing where aprocessing pro-
ject could be located-an assertion based on the present 
and potential production of the selected commodity in 
a particular region, four critical questions need to be 
answered: 

What is the demand for the product?" 

" 	What are the key characteristics of raw material 
supply? 

" 	 Isthere asuitable processing technology available for 
producing the product to the desire-d quality standards? 

" 	Will it be profitable to produce the product? 

Some information may already be available to for-
mulate partial answers to these questions. However, 
hetre continuing to the next product development step 
---pilot scale operation, it is often necessary to under- 
take research to generate additional information on 
which to base a sound decision as to whucther or not to 
continue with the project idea as originally proposed. 

Two types of research are required: 

Market and consumer research to characterize the 
existing production, marketing, and consumption pat
terns of the selected commodity and of products that 
could compete with the contemplated product. The in
foiiwation provided by these studies will highlight many 
of the socioeconomic, cultural, and technical constraints 
that will have to be taken into account in order to achieve 

Technical research to develop the product idea accord
ing to consumer tastes and preferences, and to design 
processing technology that isappropriate to the scale of' 
operation envisaged. 

A stems Approach 
to Research Planning 

The first step in research planning is to create an ideal
ized system for converting the raw material into the 
desired product by breaking the system down into those 
different components that will have to be linked if the 

Lcader. Cai'sava Program. Centro Intcrnacional de Agricultura Tropicai (CIAT) A.A. 6/13. Cali. Cotlombia: L adcr. Postharvest 
Managemcnt. Marketing Program. International Potato Ce'- cr (CII'). 10 Btox 5969, Lima. Peru, and, Processing ,peciatis for 
swcclpotatocs for Southeast Asia, International Potato Center Cii). c/o CRIFC. Jalan Merdcka 147. Bogor 16111 Indonesia. 
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project is to be a commercial success. The system 
components will include: 

* 	 production of the raw material: 

product. Often more than one processing component 
will he involved, with the raw material being trans-
formed into a primary product, such as flour or 
starch, which is then used as a raw material to manu-
facture the final product through a secondary' pro-

cessing stage; 

" 	 marketing tt) make the product available to the con
sumer or client. Marketing, is often carried out at 
different levels, involving, for example, wholesalers 
and retailers; and, 

" 	 consumption of the product by consumers and client s. 
1-or the purpose of this approach, "consumers" refers 
to the ordinary man or woman who buys food pro-
due', lor consumption; and "clients" refers to in-
dustries that purchase prmary products derived from 
roots and tubers as raw materials for the manufacture 
ot 	 prodt.:(ts for human and animal consumption or 
Ior industrial use. Consumers are a heterogeneous 
group who show markedly different food preferen-
ces and habits depending upon their socio-economic 
status. Clients arc much more homogeneous in their 
requirements for a pariicular product. 

Man of the components of this ideal system al-
radv exist. For example, the geographical region where 
the project will be carried out will almost certainly have 
farmers that are cultivaintig the chosen commodity. Also, 
the potential consumers or clients of the new product 
have tentatively been identified. What may be missing, 
according to the particulr circumstances in the selected 
region ofr country, are the processing and distribution 
components. Fven these componnts may be present if 
the proiect contemplates expanding the market of an 
already existing product through reduced production 
costs and improved quality or diversified end uses. 

o)nce the ideal system has been created it is afairly 
strr gntforward exercise to enumerate the socio-econ
omic, market, and technical issues that will need to be 
confronted for the system as a whole to be viable. An 
examr, e of' this approach is shown in Figure I which 
refers o a research project in Colombia on the produc-
lion and utilization of a wheat-ca;sava composite flour. 
In this cas,, the objective was to link :;mall-scale cassava 
farmers to the urban bakery' product market through rural 
proces:inL (it cassava Imto flour. To facilitate the pro-
duction of the composite wheat-cassava flour, it was 
pnposed that wheat mills do the mixing for subsequent 

sale to bakeries using the wheat mills' own distribution 
channels. The missing component in this system is the 
processing of cassava into flour. However, as can he 
appreciated from the description of the issues to e 
researched, they were not restricted to those directlyrelated to the suppl. of cassava, its processing into flour, 
and the sale of the flour to the wheat mill. This holistic, 
sy:tems approach is helpful in identifying possible con
straints that may not be immediately removable but 
should take it nd investigated during the 
research phase. 

Characterizing
the System Components 

Once the various components that make up the system 
for producing the desired product have been defined, an 
analysis of the socio-economic and technical conditions 
under which the individual components operate will 
help to quantify and qualify the restrictions to estab
lishing the proposed processing industry. 

Market and Consumer Retsl'earch 

Processing-particularly new processing initiatives
frequently raises many technical and economic ques
tions concerned with the production of these products. 
Perhaps for that reason, a tendency often develops to 
focus on solving these types of' problems first and to 
worry about the marketing and eventual use of pro
cessed products later. The danger of this approach is in 
forgetting that the commercial success of processing 
depends more on what people will buy and how it will 
he used than on whether it can be made. A clear under
standing of market/consumer requirements at the earliest 
phase of product development is therefore essential. 
This involves two complementary tasks: 

an inventory of processed products already available 
in the market, and. 

an 	assessment of consumer attitudes towards these 
products. 

Market research 

The three essential components of market research are. 

• 	 identifying the types of processed products for sale 
and their characteristics, including where they are 
sold (e.g., marketplace, supermarket, shop. etc.); 
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Figure 1. Composite wheat-cassava flour (CF) system and the major issues for an integrated research program. 
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" 	 estimating the most important processed products by 
the volume and value of products sold; and, 

" 	 determining what factors impede expansion of sales. 

This information is intended to answer certain basic 
questions about the proposed processing activity. For 
example, will the processing create a totally new pro-
duct (because there are no others like it currently in the 

market place)?. Will it be aImodified, improved versionof existing products (e.g., appearance, package, size of 
unit of sale i" Is there already a considerable volume of 
similar products being sold? Or, is there currently little 
interest in this type of product' According to whole-
salers, retailers, and consumers what factors are most 
important in discouraging greater sale/use of this ,.ypeiscorgin 
of product (e.g.. price, appearance, use)? 

inpr d earae/use of this t 

It 	is fairly easy to prepare a list of processed pro-
ducts produced from it particular food crop based on 
visits to representative markets in a given place. There 
are simply not that many products available for each of 
the major food crops. Still, one may be surprised to find 
more than one had imagined or was familiar with. This 
list of products should also include information about 
their respective characteristics, e.g., color, size, shape, 
type of package, size of unit of sale, price. "Represen-
tative markets" refers to the types of places people shop 
(e.g.. store, streetmarket, covered market, supennarket), 
not to a par'cular location where people shop. It is also 
wise to visit intermediate users (e.g., bakeries, restau-
rants) as well as industrial concerns (e.g., flour mills, 
confectionary companies) to complete the identification 
of existing products. 

Casual conversations kith retailers, wholesalers, 
and industrial users can ser . to clarify opinions about 
the marketability of different products. For example, 
could traders sell more if they could be supplied more? 
Is price the key factor influencing sales'? Appearance? 
Packaging? Such questions should be posed in a manner 
that reflects empathy, rather than aggressive curiosit,, 
The parties interviewed are also less likely to be put off 
by people who don't write down what they say in front 
of them. A possible solution is to record these conver-
sations immediately after leaving the premises. In the 
course of this exercise, it can be extremely useful to 
compare the different opinions expressed to clarify ap-
parent contradictions, wo identify common points of 
view, and to isolate genuine discrepancies. 

While there is no substitute for first'and informa
tion of this type. it may also prove useful to consult 
specialized libraries or documentation centers to check 
for additional facts and figures. For example, an agro-

2X4 

industrial institute may have feasibility studies that focus 
on the type of processed products in question. The 
School of Food Technology at a local agricultural uni
versitv may be another source. The relevant offices of 

the Ministry of Agriculture or the Agrarian Bank mav 
also have useful data or be aware of similar attempts in 
the past that could lbe looked into. 

A word ofcaution is in order here about who should 
cletti yeo nomto.Mn odtcnlcollect this type of information. Many food technol
ogists and agricultural engineers (even social scientists) 
have a certain phobia about information gathering in 
offices and markets. These locations often require the 
ritual procedures of appointments, written explanations
of what is required and why, or, in the case of the marketplace, they represent a noisy, dusty, and congested con

trast to the relative tranquillity of a farmer's field or a 
science lab. Nevertheless. people who work on process
ing-related, agricultural research have special qualifica
tions for this type of information gathering. They bring 
with them their accumulated knowledge about farm 
commodities and processing techniques. Finding out, 
for example, how the market works (e.g., who buys 
what, at what price, in what quantities) may be mun
dane; but, why it works in such fashion can be positively 
enlightening. The specialized knowledge of these indi
viduals puts them in a much better pcstion to evaluate 
the reasons offered and perhaps probe areas less well
tra'ned interviewers might never have asked about. 
Results of the market survey provide the basis for 
conducting interviews with consumers. 

Consumer Research 

Consumers are key decision makers in the development 
of simple processing. Theirtastes and preferences influ
ence the type and quality (color, shape, size) of the 
products most likely to find ready acceptance. Their 
purchasing power helps to determine the quantity of 
such products that can be sold. Hence nv prospective 
processor would do well to take consumers' opinions 
into consideration prior to launching full-scale produc
tion. After a brief statement of the objectives and justi
fication for consumer research, this section describes 
some simple procedures on how to go about this. Ide
ally, the same individual s) who carried out the litera
ture review and miarket survey would also undertake this 
research. Knowledge acquired in prior activities is then 
directly incorporated into this component of the study, 
sharpening the focus while extending the coverage. 

The objective of consumer research is to establish 
the level of consumer awareness of processed products: 
whether they are consumed and if so, with what fre
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quency; how consumers characterize the products, pos-
itively and negatively; and what the consumer would 
like in a new product. Product description includes 
form, flavor, preparation time, storage characteristics, 
and price. It should be noted that the type of consumers 
interviewed will depend on the product. For example, 
processed products for restaurants or industrial use 
would require contacting restaurants and industrial buy-
ers, not household consumers, 

for consumer research. 
There are various reasons 

This process aims to distinguish those types of products 
that have the greatest--or least-potential because they 
are/are not desired on the basis of one or more attributes 
such as taste, appearance, or use. Similarly, it attempts 
to discover those that are the most/least affordable. Such 
resc::rch also seeks to idenifv those characteristics that 
are most desirable in existing products or that because 
o .heir presence, e.g., po)r quality control or unattrac-
tive appearance, discourage greater consumption. For 
exaniple, a prospective processor wants to produce in-
dustrial starch, but contacts with possible future clients 
point to the inexpensive price of currently available 
suhstitute products due to a cheap raw material price. 
Most people can readily think of an example of' a new 
product that was supp~sed to be widely accepted, but 
then turned out to be acomplete failure. 

Consumer interviews may be carried out in an 
informal fashion, i.e.. without a wi itten questionnaire; 
with or without a list of topics to be covered; or utilizing 

Table 1. Questions for consumer research." 

a survey form. The latter facilitates collection of quan
titative responses, e.g., by imposing standard units of 
measure, and more extensive amounts of information. 
The former is by definition more flexible. Whether one 
procedure ismore appropriate than the other will depend, 
among other things, on the number of processed pro
ducts that questions are to be asked about; the amount 
of information already available in the literature or 
through the market survey; and the experience of the 
researchers in conducting irfformnal interviews. 

Both procedure, involve considerable advance prep
aration to specify the questions to be asked or topics to 
be addressed and the way they should be phrased to 
avoid confusing the persons interviewed. Table I pre
sents a list of questions for consideration in this regard 
(see also Appendix A). Prior to launching the data 
collection process, it is particularly important to con
sider how the data will be processed and written up (e.g., 
are there too many questions to enable ready analysis?). 
Pre-testing of the questions both on members of the 
research team and on actual consumers can also be 
extremely useful in minimizing problems of misinter
pretation or repetition. 

One of the most important aspects of consumer 
interviews is to remember that it is a pilot survey. In 
other words, the results gathered are intended to be 
indicative, rather than definitive. This characteristic is 
particularly relevant when considering size and compo
sition of the sample of consumers to be contacted. 

Key questions for consumer research (by type of processed product under consideration) include the following: 

* 	 What is the current level of annual food crop, e.g., 
rice, wheat, potato, consumption per capita? 

• Does it vary by income group? 
• 	 What is the level of consumption for processed 

products? 
DI)oes consumption of processed product. vary by 

income group? 

* 	 Does consumption of processed products vary by 
season'' 

WWhat are the principal types of processed products 
purchased by consumers? 

* Where do they purchase pracessed products? In 
what form? and it what price (per weight)'.' 

DDo constimers consider such products nutritious? 

• Do they consider these products filling? 
. Are processed products considered tasty? 
, Do consumers feel that processed products are of 

attractive, hygienic quality? 
* 	 Are the available processed products of the 

desired size, color, weight (units of sale)? 

0 In the consumers opinion, do processed products 
keep well? 

Are processed proolucts easy to utilize in cooking 
or pieparation? 

, Do available processed products have different 
uses, e.g., can they be utilized in various dishes? 

. Are such products considered inexpensive? With 
reference to what substitutes? 

'This list is h no means exhatstive. See also Austin 1M92:205-222) for additional ideas. 
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Rough guidelines in this regard would be no more than 
200 consumers and no less than 50. Any more than 200 
raises a series of questions about the time available to 
do the interviews, analyze the data, and write up the 
results, as well as the infrastructure required for pro-
cessing the data. A sample that is too small raises doubts 
about its representativeness and also preempts much 
meaningful comparison between the different types of 
consumers interviewed, 

It is essential that the consumer interviews be done 
with a cross-section of individuals reflecting differences 
in incomes ,ora proxy for incomes such as place of 
residence. Fo)r.example, obvious distinctions between 
low-, middle-, and high-income housing areas are easy 
to identify in most cities in developing countries. The 
literature should also provide some help in this regard. 
By interviewing different types of consumers, not only 
are the current consumption patterns of different groups 
identified but also some appreciation of the potential for 
change te.., should incomes rise) can be detected. 

How (foes (ne actually select the consumers to be 
interviewed? One procedure that was used successfully 
in l.ima. Peru, was to interview people who were in the 
act of buying processed products. In other words, those 
contacted probably consumed the articles in question 
an6 hence had some opinions to express about them. 
Furthermore, if questions are to be asked about several 
items, a simple display of the products to be discussed 
can both arouse cuiosity (hence make consumers eager 
to be interviewed) and ensure that the names and pro-
ducts that they refer to are not confused. Once tih 
int-rvmew; have been conducted, it becomes aquestion 
of reporting the reY,":%. The example in Appendix A 
illustrates the use of a market survey and consumer 
Interviews to evaluate the market potential of processed 
products. 

Farm-oriented Research 

In addition to having to know who might buy the 
processed product, the processor has to be sure that the 
raw material can be )btained for processing and at a 
reasoamhle price. One t)bjective of farm-oriented re-
search is to establish what supply patterns exist and 
whetler price movements are such that growers will be 
intereCed in selling to a processor or consider process-
mng thcm,;e ve,, as an al 'rnative Outlet for some/all of 
the crop. .knother is to ascertain whether processor, can 
easily procure sufficient quantities of raw material to 
iustlitv establishing a processing facilitv. At this stage. 
such i,,sues as the quality and Uniformity of supply, as 

well as assembly and transportation costs, must be 
considered. 

Agricultural supply is naturally cyclical while the 
demands of aprocessor are stable. Thus processors have 
to balance the seasonal availability of supply with the 
steady raw material requirements of their plant and 
facilitie. In some cases, depending on operating costs 
and returns per production unit, processing can profit
ably be undertaken during only a few months a year in 
others, year-round operation may be needed to earn a 
profit. \lternatively, growers may already have a ready 
outlet for their produce even in the peak harvestingt 
per'.od; or they may have only occasional difficulty' 
selling their crop. 

The purpose of farm-oriented research is to deter
mine commodity-supply patterns by seasons, varieties 
planted, experience of producers, and postharvest prac
tices such as grading for size and quality, and the typical 
uses foi- these grades. This research also establishes 
producer preferences for varieties and the reasons why, 
thereby acquiring information from farmers on varietal 
characteristics and performance. The potential proces
sor also has interest in the type of varieties available (or 
potentially available) in order to obtain desired process
ing characteristics. Grower:,' marketing habits are also 
closely examined: marketing channels, their seasonal 
stability, typical buyers, and traditional arrangements 
for payment. Once present conditions are mapped out, 
then the research explores the p)tential for change to 
include/expand processing. Finally, constraints that the 
producers may have in producing or marketing a pro;
cessed product may also be analyzed. 

In carrying out farm-oriented research, it is partic
ularly important to interview different types of repre
sentative growers. Small, subsistence growers may have 
minimal surpluses to sell and hence a limited interest in 
commercial processing. Just the opposite may apply to 
growers who seek to maximize profits. The research 
should aim to measure the interest of both tyg,-s. 

Methods for farm-oriented research include a syn
thesis of secondary data, a review of available literature, 
and primary data collection. Information on the annual 
volume of crop production ina particular r,'gion, depart
ment. or province can usually be obtained from the 
Ministry of Agriculture or the National Bureau of Sta
tistics. Commodity p)rograms usually have data on 
planting and harvesting dates. The sizeof different types 
of farme;s and their importance as a group in accounting 
for total production can be estimated from the agricul
tural census or by synthesizing the results )fprevious 
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formal farm surveys. Producer prices for specific crops 
by calendar year (or month-to-month) are often avail-
able from the Ministry of Agriculture. Analyzing this 
information may be sufficient in itself to identify or 
eliminate certain crops or areas as the most likely cur-
rent possibilities for processing. For example, perhaps 
Region "'"produces very few sweetpotaroes and prices 
for this commod'ty are always quite high. It is thus 
unlikely that there would be much immediate interest 
on the part of growers in sweetpotato processing. 

In the event that this analysis suggests strong pos-
",bilities for particular fxdstuffs in a given location, 
then it is advisable to check relevant research centers, 
e.u.. university libraries, agro-industrial institutes, to 
review the available documentation on previous, farm
level attempts to introduce (or improve) processing 
activilies. This search may well uncoverongoing exper-
nients or pilot projects that have proven unsuccessful 

that merit closer examination to comprehend their op
erating rationale, track-record, and any major con-
straints encountered. 

A third component of farmer-oriented processing 
research is conlact with growers themselves. The pur-
pose of this exercise is to sound out growers' opinions 
and listen to the reasons for their stated views. Methods 
for obtaining this type of information may be formal or 
informal. The larger the numberof possible alternatives, 
the inorc precie the quantitative information required, 
then the more likely that a formai ' urvev mav be neces-
,arv. The e\tent to which the range of processing pos-
,bilities has been narrowed to one or two, e.g., through 
analv,is olfsecondarv data, may make formal interviews 
,innccessar\ 

It the intormal approach appears most appropriate, 
given the tine and resources available, several recom-
mendations are in order. Consult the literature on how

Scarrs out such appraisals (see e.g.. Rhoades I 2; 

Khon Kaen niveroty 19S7) and to be aware of their 
strengths and weaknesses (see e.g.. Holtzman 1986). 
For th,_crelatively less-experienced researcher, it is prob-
ibly idvisable to memorize a list ,fspecific tipics (it 
not quest ,nsi to rse to growers in the course of these 
casual cinversatitn s. Carefully recording the result', of 
these inter,. ic,sand contrasting them with the opinions 
tftechnical specialists,o vner-perators of existing pro-
,:esNinu lite, mav ,erve as a check/point of c(impar-
i(11n 1tithe views expressed by gtrowers. 

is another option. -lortion
A ftrmal larm survey 

2 i suggests a framework for evaluating the appro-
priateness ,4'this approach as well as some practical 

suggestions on how to implement it. A few words of 
caution are in order here. Sample size should be kept 
below 200. Half that number may be sufficient, depend
ing on the number of locations to be visited and the type 
of farmers to be contacted. Minimize the amount ' 
information requested, i.e. check through the proposed 
questionnaire to be sure w.iat is beiag asked is what you 
need. Be sure to pre-test the questions so that you are 
certain that they are readily and correctly understood. 
Finally, think throagh the process of data analysis as 
well as data collection so that completed survey forms 
can be processed rapidly and the results written up in 
the minimum amount of time necessary'. The example 
in Appendix B illustrates the use of a formal question
naire t evaluate processing potential. 

Developing the Product and 
the Process for Its Manufacture 

This section looks into aspects related to tech,.,cal re
search that will ensure that the product meets the expec
tations, in terms of price and quality, of the consumers 
or clients that are going to buy it. Two closely related 
activities are involved: rescarch on the product itself and 
research on the process that will be used to make the 
product. At this point it is worthwhile differentiating 
between two types of product: first and second genera
tion products. 

The term "first generation product" refers to a pro
duct resulting from what may be described as primary 
transformation or from aprocess of selection, treatment, 
and packing. Examples of first generation products 
derived from rc,nts and tubers would be flour and starch 
and also fresh roots that have been selected, treated, and 
packed in order to improve their presentation and pro
long their shelf life. 

in tne case of flour and starch, these products are 

often used as raw materials in secondary transformation 
processes, which gie rise to second generation pro
ducts. These secondary processes may include the ad
dition of other ingredients, as in the case of balanced 
animal feed rations or tile production ofcornposite fl)ur 
for example, while maintaining the same physical char
acterlstics of the ingredients or mnvo!ve biochemical or 
physical modifications to the raw materials throuth 
cooking, extrusion, fermentation, etc. 

The Project Brief 

With tileinformatior that has been gathered thus far, it 
is now possible to drass tip a detailed project brief, 

I 
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Table 19 and Figure 14 show the duration of what d'lvoire, Ghana, and Uganda to be sundried for a 

is effectively fermentation through sundrying for air- longer period than those in Nigeria 23 and, to a lesser 

fermented flours. The tendency is for flours in C6te extent, Tanzania. In 21 cases out of 44, however, 

Table 17. Drying times for soaked and unsoaked flours (days). 
6-10 Total1-2 3-5 II+ 

n --- n %Davs asc- n n C/h % 

54 100
Soaked 18 I1 50 31 87 6 4 161 

3) 35 43 0 0 82 100Unsoaked 22 27 25 

Table 18. Dewatering/fermentation duration-roasted granules (days). 

1-2 3-5 o 6-10 11+ Total 
Country 11n 5C' n % n %n 


3 43 3 43 I 14 0 0 7 100
Cfte d'lvoire 

21 0 19 100Ghana I 5 14 74 4 0 

Western Nigeria 4 22 13 72 I 6 0 0 18 100 

Eastern Nigeria 13 57 10 43 0 0 0 0 23 100 

Figure 13. Duration of fermentation in sacks or baskets for roasted granules. 

8O
 

6o 
U 

C 40 

20
 

0 
I -2 days 3 -5 days 6- 10 days 

0 C6te d'Ivoire E-Ghana M Eastern Nigeria '-Western Nigeria 

2Only I instance of air-fermented Ilour occurs in Western Nigeria. 
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Table 19. Duration of sun-drying-air fermented flours (days). 
1-2 3-5 6-10 % n + TotalCountry n n % n %fn %fn 

CMte d'lvoire 0 0 3 27 11 73 0 0 15 100 

Ghana 0 0 2 10 19 90 0 0 21 100 

Nigeria 3 23 8 62 2 15 0 0 13 100 

Tanzania 10 22 17 37 19 41 0 0 46 100 

Uganda I 3 13 36 22 61 0 0 36 100 

ZaYre 1 50 I 50 0 0 0 0 2 100 

Figure 14. Duration of sun-drying for air-fermented flours. 
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Tanzanian households also fermented their flours in 
heaps. 24  

Although the warning at the beginning of this sec-
tion was that different types of fermentation are not 
directly comparable, it is instructive to analyze the total 
durations of the "fermentation" stages, if only to corn- 
pare the time taken to produce the various products. 

From Table 20 and Figure 15 it is evident that the 
majority of starches, pastes, roasted granules, and 
steamed granules take from I to 5 days to "ferment". 
The majority of flours take 6 to 10 days to ferment, with 
over 10% taking II or over. 

Table 21, and Figures 16 and 17, elaborate on Table 
20, examining durations of fermentation on flours. 

24There isaperception insome quarters that high cyanogen content inprocessed bitter cassava may be related to short "fermenting" 
duration, particularly for sundried products. There are many provisos to this view, not least of which is the question of the true 
relationship between drying time and cyanogen content, plus the question of exactly how the flours inquestion are stored and cooked. 

187 



Table 20. Duration of total fermentation-by product (days). 

Products -
1-2 3-5 6-10 II + Total 

n n % n % n % n % 
Cooked roots 10 83 I 8 I 8 0 0 12 100 
Roasted granules 22 32 40 59 6 9 0 0 68 100 
Steamed granules 12 43 13 46 3 II 0 0 28 100 
Flours II 4 70 27 152 58 30 11 263 100 

(acid-fermented) 3 3 21 19 65 60 20 18 109 100 
fair-termented) 6 4 47 32 84 i8 9 6 146 100 
!ermented pastes 3 5 48 73 14 21 1 2 66 100 

Beers 0 0 2 40 2 40 I 20 5 1M0 
Sedimented starch 10 43 12 52 0 0 I 4 23 100 

Figure 15. Duration of total fermentation by product. 
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Again it is manifest that, comparing Eastern Nigeria Starter cultures were used in 66 cases, 54 of which 
with the rest of Western Africa, less time is spent fer- were in C6te d'Ivoir,.. Given the much reduced dewater
menting in Eastern Nigeria. 25  ing time for steamed granules (which tend to use starter 

" Eastern Nigeria isthe only area where no products are fermented for longer than ten days. 
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Table 21. Duration of total flour fermentation-by country (days). 

1-2 3-5 6-10 II + TotalCounftr' __ 

n r. n % 1%n 9C-

C61oe d'lvoire 0 0 4 22 12 67 2 II 18 100 

Ghana 0 0 2 8 22 85 2 8 26 100 

Western Nigeria 1 6 8 47 4 24 4 24 17 100 

EIastern Nigeria 5 14 13 37 17 49 0 0 35 100 

Tanzania 4 7 21 36 27 47 6 10 58 100 

Uganda 0 0 15 32 23 49 9 19 47 100 

Zaire 1 2 7 II 47 76 7 II 62 100 

Figure 16. Duration of total fermentation by country in West Africa. 
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cultures) it would have been logical to compare the 
drying times for those which had and those 
which had not used starter cultures. Unfortunately, there 
are only eight instances where products which use 
starter cultures have accompanying records showitig the 
duration of drying: and of those, 2 were beers. Of the 
remaining si% products (all flours) two were dried for 
one day, one for three days and three for seven days. 
With such a small sample it is not appropriate to make 
any inferences from the data. 

Conclusion 

Using DBase programming techniques, it has been pos
sible to distinguish eight discrete cassava product 
categories. Using these categories the processing of 
cassava products in the six COSCA countries has been 
characterized. 

The most common product encountered during the 
first phase of COSCA was "flour" (a composite category 

/ / 
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Figure 17. Duration of total fermentation by country in East Africa. 
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of flour and dried pieces), which amounted to almost 
half of all products. Cooked roots accounted for another 
17% and roasted granules afurther 12c. 

a regional basis. West African countries tendOn 
consistently to produce a wide variety of products in-
cluding cooked roots, granules, flours, pastes, and sedi-
mented starches. Eastern and Central African countries, 
on the other hand, showed much more of an accent on 
flours. with relatvelv few pastes and starches and only 
one occurrence (4"ranules. 

Cassava products exhibit a certain degree of 
seasonality, most often around the months ofJune, July, 
and August. Alternate seasonal effects are discernible in 
the production of flours in Eastern Nigeria and Tanzania 
and roasted granules in Western Nigeria. The question 
why such seasonalitv should be encountered is one 
which cannot be ;Mnswered from the information avail-
able in the phase I database. Nevertheless, the verified 
existence of seasonal effects on production has er,-
couraged the adoption of questions for the third phase 
of COSCA which will allow some conclusions to be 
arrived at in explaining seasonality. 

In common with the seasonality data, it proved 
difficult to apply some of the COSCA hypotheses con-

6- 10 davs II + days 

-Uganda M Tanzania 

cernine cassava processing to the phase Idatabase. 
Attempts to test the gender hypothesis suggest that no 
relationship exists between the degree of commer
cialization and the gender of the pro)cessor. 

Data from phase I confirms the view that African 
cassava processing isdominated by women. Where men 
took part in any significant numbers, there was a ten
dency for this to involve the use of machines. Thus, the 
introduction of machinery may have reduced the 
drudgerv o"some of the women's tasks, but the control 
ol this machinery is not riecessafily in their hands. 

The West African states possess the most 
mechanized processing systems, although C6te dlvoire 
villages make little use of mills and graters. Tanzanian 
villages employ fewer mills than those in Uganda, but 
neither country employs graters or screw presses. This 
can be explained by the low technology requirements 
for the processing of flours, which represent the greater 
part of pro:cessed cassava output in these countries. 
Zairean villages made no use of machinery in the 
manufacture of cassava products. 

The pricessing of cassava is marked by variations 
in the length offermentation and processing techniques. 
While direct comparison across the complete database 
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isnot possible, due to the technical connotations of dif-
ferent fermentation techniques; there are some clear 
differences in fermentation -ategies between countries 
and between products. The production of steamed 
granules in CCmte d'lvoire contrasts with that of roasted 
granules in Nigeria through the shorter duration of 
fermentation in Cmte d'Ivoire. This may bt explained 
by the prevalent utilization of "tarter cultures" in Cfte 
d 'Ivoire. 

Similar variations can be detected in the relatively 
short duration of fermentation of roasted granules in 
Eastern Nigeria and of flours in CCmte d'1voir-', Ghana, 
and Uganda. Taking the somewhat artificial figure for 
duration of total "fermentation" 26. flours require the 
longest interval, whilst roasted and steamed granules 
and sedimented starches require the shortest. 

2, As explained above in the sub-section entitled "Duration of Fermentation Stages". 
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Appendix 1. Product definitions. 	 Appendix 2. Processing codes 

01 washing 
Eight discrete product types were distinguished by the followed 02 peeling 
taxonomic processing steps: 03 soaking 

Product Type Taxonomic processing steps 04 slicing
 
trevised product or new codes) (sub-p 'ocess codes) 05 grating
 

06 milling 
('naked fresh roos (1060) Don't sediment 10 l,roast ( II), frv 113). 

sun dr)( 12), granulate (28). smoke (29). 07 pounding 
or ferment 30. 31. 32. 33. 03 for more 
than one day;. Dc,boil 115) or wa.ih (01) 09 sieving 
or peel (02). 10 sedimenting 

I roa;ting 

Roasted granules (2000) Don't sediment. Do grate (05). mill (06) 12 sun-drying 
or pound (07). TIIEN ferment in sack,, 13 frying 
(30 or 31), THEN sieve ((91. THEN roast 
(II). or fry (13) 14 wrapping 

15 boiling 

Steamed granules (3000) 	 Don't sediment. roast or fry. Do grate. lb molding/shaping 
mill or pound. THEN. ferment insacks. 17 spnnkling with water 
THEN granulate (28; or sieve. THEN boil 

1 scrapingor steam (27 1. 
19 blending with other staples 
20 brewing (beers and soft drinks) 

Flours/D Pieces (4000) 	 Don't sediment or steam. t)on't roast or 
fry unless this iscombined with blending 21 making paste 
with other staples (19). Do sun dr,. 22 distilling 
smoke or start with lour (40;. 

25 adding astarter culture or inoculum 

Fermented pastes (5000) Don't roast. sun dr\. fry, brew (20).dis- 26 blending with spices, flavorings, 
till (22), granulate, smoke or sediment colorngs.salt 
(unless performed in combination with cosomng 
soaking). Do ferment. THEN, grate. mill. 27 steaming 
pound or sieve. 28 granulation (using cui'ved board or 

bowl) 

29 smoking6110no class 
30 fermentation in sacks or baskets/

dewatering for less than one daydwtrn o esta n aDo start with leaves (50).L~eaves (7000) 
31 fermentation in sacks or baskets/ 

dewatering for one day or more 

Drinks (8000) Do brew or distill. 32 fermentation in water for one day 
or nore 

Sedimented starches (9000) Don't soak (03). Do sediment. 
40 start with cassava flour 

Unclassified (0999) 	 Any product left unclassified by the 50start with cassava leaves 
above steps. 

'
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Seasonality of Cassava Processing in Africa 
and Tests of Hypotheses' 

B. 0. Ugwu and P. Ay2 

Abstract 

One of the major advantages of cassava is the variety of uses to which the roots can be put. This study 
begins with abrief description of the different types of processed products that can be made from cassava 
drawing on the results of detailed surveys carried out in six different countries carried out as part of the 
Collaborative Study of Cassava in Africa (COSCA) project. Subsequently, the paper tests a series of 
hypotheses related to cassava processing including the role of gender, the degree of mechanization as well 
as the relationship between cyanide in cassava varieties, and the making of fermented and unfermented 
flours. The results indicate that women, and to alesser extend child.-r, perform most of the processing 
operations. As population density increases, cassava processing becomes more mechanized. A significant 
relationship was found between the proportion of low to high cyanide varieties and the presence or absence 
of fermented flour making. 

Key words: agro-ecology, population density, gender, products, fermentation. 

Introduction 	 plywood, paper, and pharmaceutical industries. One 

major constraint, however, when dealing with cassava 
Cassava (Manihot esculenta Crantz) was introduced to is that it is a highly perishable crop. Although mature 
West and Central Africa from South America by the cassava can be stored in the ground for up to six months 
Portuguese more than 400 years ago. It is now grown or longer, once harvested, cassava deteriorates rapidly. 
throughout Sub-Saharan Africal and is considered The fresh roots must be transformed into more stable 
second in imprxtance to maize as a human staple, ac- products within two or dhree days from harvest. This 
countine for more than 200 calories per day per person transformation requires various combinations of tech
(IITA 198,8). Estimates show (hat about 160 million nology--peeling, grating, boiling, fermenting, drying, 
people or 40(/; ofthe population of Sub-Saharan Africa frying, and milling. A second constraint in utilizing 
consume cassava as a staple food (Nweke et al. 1988). cassava involves reducing the toxic levels of 

cyanogenic glucoside (linamarin and lotaustralin)
One of the major advantages which cassava has found in cassava (Cooke 1982, Hahn 1987, Oke 1982). 

over other carbohydrate/starch crops is the variety of 
uses to which the roots can be put. In addition to being The objective of this study 4 is to examine the 
a major staple ')od for humans, it also has excellent seasonality of cassava processing, as well as the gender 
potential as livestock feed (Best I97) and in the textile, role in cassava processing, the degree of mechanized 

I Collaborative S."tdv of C,issava in Africa (COSCA) Working Paper N"6, reprinted here with permission of the authors and Felix 1. 

Nwckc. Projet lIetldcr 

2 	National Rcew rch Coorinaior, Nigerwi. 'OSCA project, and Sociologist, c/o International Institute of Tropical Agriculture (IITA). 
PM. 9320. lhadan. Nigceria. 
See COSCA Working Paper N" 5 for amapo f the agroecological zones ofcassava production in Africa, (Fresco 1991). 

4 The Collaborative Study of Cassava in Africa (COSCA) is being conducted in three phases; this study is part of phase one, which had 
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Table 1. Distribution of survey vilages by country and climate zone. a 

Country 
Lowland 

humid 
Highland 

humid 
Lowland 
semi-hot 

Lowland 
continental 

Lowland 
semi-arid Total 

CMte divoirc 27 0 8 2 0 37 
Ghana 17 0 9 0 0 26 
Nigeria 20 0 41 2 2 65 
Tanrinia 3 0 13 0 5 21 
Uganda 20 12 0 0 0 32 
Zaire 27 0 7 2 0 36 

Total N*of villages 114 12 78 6 7 217 

The climate zones for this study were classified in Cosca Working Paper N*2. 

processing and the relationship between the proportion 
of 	 low and high cyanide varieties and fermented and 
unfermented flours. Added to the end of this report are 
two appendices: Appendix I is a classification of the 
different cassava processing steps; Appendix 2 is alist 
of more than 80 different cassava products found in the 
COSCA study countries. 

Guiding hypotheses 
The following hypotheses were tested. 

@	Gender role in cassava processing tends to change as 
processing becomes more mechanized. 

* 	 Women's role in cassava processing isgreater with 
increasing commercialization ofcassava production. 

* 	 As more cassava is produced for sale than for home 
consumption, processing becomes more mechanized. 

* 	 As population density increases, cassava processing 
becomes more mechanized. 

a 	The more accessible the product-producing areas to 
the market, the greater the degree of mechanized 
processing, 

* 	 The period of fermentation is decreasing in areas 
where cassava processing ismechanized. 

* 	 The period of fermentation is decreasing in areas 
with good access to market. 

* 	 Flours from unfermented cassava are associated 
more with areas growing sweet than bitter varieties. 

Study area 

The majority of the villages in the survey were in the 
lowland humid tropics (53%) and lowland semi-hot 

(36%) ecologies, although five climate zones were rep
resented (Table I). The number of villages is almost 
evenly distributed between high and low population 
density areas, while access to roads is slightly skewed 
to the good side (Table 2). 

The Seasonality of Cassava
Production 
On aglobal basis, millions of hectares of land are today 
occupied by standing, mature cassava (Onwueme 
1978). Unlike other crops, cassava cannot be harvested 
all at once, because the roots cannot be stored for more
than two or three days without rapid deterioration. Other 
estimates indicate that about 20% of the cassava hec

tarage is used for root storage (Phillips 1974). This 
scenario suggests that cassava is harvested in small 
sections, based on what the farmer needs for home 
consumption. However, if the cassava issold to proces
sors, then large quantities may be harvested. 

Table 2. Percentage distribution of survey villages 
by population density and road access by 

country. 
Population Road access 

C6te d'Ivoire 
high 
0 

low 
100 

good 
63 

bad 
37 

Ghana 65 35 58 42 
Nigeria 83 17 66 34 
Tanzania 33 67 48 52 
Uganda 81 19 69 31 
Zaire 8 92 28 72 

Total 49 51 57 43 
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Being a major staple food and a highly perishable 
crop, cassava is, generally, harvested all year round. 
Likewise, cassava processing continues throughout the 
year, however, the intensity of processing activities, 
however, depends on the availability of other crops. 

Peak processingmonths. Processing trends appear fair-
ly similar in all the climatic zones-with peak periods 
occurring moie frequently between May and September 
(Fig. 1-4). The exception to this observation is flours in 
the lowland semi-hot zones and cooked roots in the 
highland humid zone. The peak processing periods cor
respond almost entirely with the hungry months in the 
study areas, which occur mainly between March and 
September in the high population density areas, and 
April to September in the low density areas (Table 3). 

The second peak occurs between December and 
January, when processors, especially in West Africa, 
take advantage of favorable drying conditions, to 
process and store flour. The bulk of these products are 
consumed at a later date, however, because of the 
availability of' other food staples, such as yams and 
grains, during this tyeriod. 

Month 

January 

Februay 
March 
April 

May 
June 
July 

August 

September 
October 

November 
December 

Table 3. Frequency distribution of survey villages 
by hungry months and by population 
density, Africa, 1989/1990. 

Population density 
high low 

14 12 

16 16 
30 19 
48 26 

51 35 

53 50 
41 49 

24 31 

19 25 

8 21
 
9 13
 

Figure 1. Frequency distribution of monthly production peaks for cassava product types in the lowland 
humid climate zone. 
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Figure 2. Frequency distribution of monthly production peaks for cassava product types in the lowland 
semi-hot climate zone. 
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Figure 3. Frequency distribution of monthly production peaks for cassava flours and roasted granules in 
the lowland semi-arid climate zone. 

14 t 
AhFlours 

12 - Gari 

S10 
~tJ 

S8
 

Z* 6
 

0 I I I 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

196 



Figure 4. Frequency distribution of monthly production peaks for flours and cooked roots in the highland 
humid climate zone. 
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Productionpeaks for products. Production peaks for end of this report for alist of the 80 food items recorded 
various products were evaluated for areas with low and during Phase I of the survey). 
high population densities (Fig. 5and 6). The processing 
peaks follow a similar trend in both the high and low In order to distinguish the different product types 
density areas. The frequency ofpeaks inthe high density and processing techniques, the cassava products were 
areas appears quite unifo)rm for all processed products, divided into subgroups based on the minimum number 
except flours, which generally peak during the month of processing steps by which a product type could be 
of July.This trend probably indicates that cassava plays identified. Nine different categories emerged. The first 
amore Important role as ahousehold food security crop six include food items made from the roots, while the 
in the high density than in the low density areas. The remaining three categories include drinks made with 
first peak for flour production occurs in January, and a cassava components, food made from the leaves and 
second peak occurs inJuly. medicines. 

0 cooked fresh roots 
Cassava Products and e cassava flours: fermented and unfermented 
Postharvest Processing Activities * granulated roasted cassava (gari) 

There is probably no other agricultural crop for which 9 granulated cooked cassava (attieke, kwosai) 
a similar range of postharvest processing activities ex
ists as for cassava. Women use awide iange of process- e fermented pastes 
ing techniques in order to transform fresh roots into 0 sedimented starches 
foods and storahle/marketable cassava products. As 
would be expected, there is some overlap in the clas- * drinks (with cassava components) 
sification where different i :mes are used to describe the • leaves (cooked as vegetable) 
samc product and also where similar or identical names are used for different products. (See Appendix 2 at the e medicines. 
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Figure 5. Frequency distribution of monthly production peaks for cassava product types in low density 
areas. 
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Figure 6. 	Frequency distribution of monthly production peaks for cassava product types in high density 
areas. 
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Food Types Prepared from 
Cassava in the Six COSCA Study 
Countries 

Cooked Fresh Roots 

i. Roasted cassava. The simplest way of preparing 
fresh cassava roots is roasting whole roots of sweet 
cassava varieties in the coals of burnt-down fires. 
Roasted cassava roots are often prepared and eaten by 
farmers during field work. When the root iscooked, the 
burnt peel is scraped off and the white steamed inner 
part of the roots iseaten alone or with palm oil or stew. 
Even in areas where bitter cassava varieties dominate, 
farmers plant at least some stands of sweet varieties for 
food during farm operations. The taste of roasted cas-
sava is influenced by the length of time the roots remain 
in the ground before harvesting, and the variety of sweet 
cassava used. Roasted cassava is rarely made in the 
compound, as other methods of preparation are avail-
able. 

ii. Boiled cassava. The roots from low cyanide 
varieties may be boiled fresh after peeling, washing, and 
cutting into small pieces. The pieces are usually sub-
merged in boiling water and not steamed as s often done 
with yam or sweetpotatoes. Boiling in large quantities 
of water reduces or eliminates the small quantity of 
cyanide which isalso present in the fresh roots of sweet 
varieties. Boiled cassava is eaten like boiled yam orboiled potatoes with stews or vegetable soups. Certain

boildith ptatestew orvegtabl sops.Cerain 
starchy varieties are also pounded and eaten like yam. 

iii. Soaked boiled cassava (abacha).Another variation 
of boiled cassava can also serve as astorage technique, 
and is known as wet abacha in Eastern Nigeria. After 
the peeled cassava has been boiled, the water is poured 
off and the boiled pieces are covered in cold water and 
kept in a cool place. Abacha iseaten as apart of the main meal. By changing th' water every day, the boiled 
cvnaBy cangingstore orwt heedayshe bfoe 
cassava can be stored for two to three days before 
fermentation begins. 

Cassava Flours 

Cassava flours are the most widely spread food product 
made from cassava in Africa and are processed in a 
variety of ways. In the COSCA study countries a large 
ni mberof methods were observed, butcertain steps i.e., 
drying and milling are essential. Drying iseither done 
in the sun or over low fires, and milling is done by 
manual pounding or grinding or by mechanical mills. 

Cassava flours are generally eaten as athick paste, 
which isobtained by mixing the flour with hot water. 
The paste is eaten with stews and soups. The flours are 
also used to prepare deep-fried, savory or sweet cakes 
and snacks. 

Two major flour types exist: those derived from 
unfermented dried cassava roots and those obtained 
from fermented cassava. Different fermentation 
methods were observed: fermentation in water, open a:r 
fermentation, ind fermentation with a specially 
prepared starter. Flours from unfermented cassava roots 
are more common in areas where sweet cassava 
varieties dominate. 

i. Unfermentedflours. In all the countries where un
fermented cassava flour isprepared, the roots are peeled 
and cut into small chips immediately after harvest and 
spread in the sun for drying. In drier climates, like in the 
northern part of Ghana, the chips may sun dry in only a 
few hotn s.In the more humid forest zone, it iscommon, 
espec ially during the rainy season, to dry the chips over 
the fireplace in the house. Roots or cuttings dried in the 
smoke need to be cleaned and scraped before milling in 
order to obtain a nice white flour. The traditional 
methods for milling are pounding in amortar or grind
ing on a grinding stone. Data from 233 villages in the 
COSCA study indicated that 86 villages had milling 
machines. After milling, the coarse fibers are sifted out 
to obtain a homogenous flour. 

ii. Fermentedflours. Where bitter cassava varieties are 
common, the fresh roots are fermented before they are 
commondthe ho e feeed befot aredried and milled. Whole unpeeled cassava roots are 

submerged in water from 3 to 5 days depending on the 
taste desired and the weather. Warm weather intensifies 
and shortens the fermentation process. A longer or in
tensive fermentation produces asourtasting flourwhich 
is preferred in some regions. 

Many processors peel the cassava and submerge the 
roots in clean water for fermentation. This usually
results in awhiter flour. The color of the cassava flour 
depends on the time used for sundrying. If the drying is 

not finished the same day, the product may start to 
ferment again or get mouldy. To shorten the drying time 
the fermenited roots may be put in bags or baskets and 
pressed with stoic.; u, ascrew press to remove excess 
water. In East Africa, fermentation is often done in 
heaps without adding water. Where sundrying is ex
tended over several days fermentation takes place in 
open air. Therefore, drying for more than two days was 
classified as aspecial form of fermentation even though 
it isnot seen as an additional or separate processing step. 
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Granulated Cassava 

i Roasted or gelatinized granules (gari). Gari is 
prepared by fermenting grated frcsh cassava in sacks, 
squeezing out the excess water, and then frying the 
semi-dry granules in a minimum amount of oil to 
prevent sticking until a gelatinized crust forms. Yellow 
gari results when palm oil is used to fry the raw grated 
granules. The longer the period of fermentation the 
more sour the taste of the gari. Grating is either done 
manually, or mechanically, with motor-powered grating 
machines. Grated wet cassava is then bagged or put in 
baskets: the excess water is pressed out in a variety of 
ways: processors may use planks weighed down with 
heavy rocks, planks with car jacks or hyJraulic presses. 
Frying is usually done in large round earthenware pots 
or iron pans. Gari can be stored up to three months in 
plastic bags or other containers, depending on the 
quality of the product. 

Garican be reconstituted with hot water and stirred 
to form a thick paste and eaten with soups and stews; it 
can also be mixed with cold water/milk and sugar and 
taken its a snack 

Cooked Granules 

i. Steamedfermnted granules (attieke). Attieke are 
semidried cassava granules ",hich are processed by 
peeling, washing, mashing, fcrmenting, dewatering, 
granulating, and semi-drying in the sun. Astarterculture 
is added to the cassava during mashing, which influen-
ces the taste and quality of the end product. The starter 
culture is prepared either by boiling, roasting, or cutting 
fresh roots which are then fermented for a period of 
about three days; or through the preparation of a filtratehic 
from cascava which has been boiled, pounded, and 
squeezed through a cloth. The traditionally recoin-
mended fermentation period for attieke is three days; 
however, the COSCA survey data indicate that there is a 
trend towards shorter fermentation periods. 

fromcasavahasbee boiedpounedand 

InCCite d'lvoire, these semi-dried granules (attieke) 
are steamed and eaten with stews and soups. The Hausa 
in Nigeria use pressed, sieved, and fermented cassava 
granules mixed with onions, tomatoes, and spices to 
form cakes which are then deep fried inoil. These cakes 
are called kwosai and are eaten as a full meal or as a 
snack between meals. 

Fermented Pastes 

i. Boiled fermented pastes. The processing steps for 
preparing fermented cassava paste include: peeling, 
washing, grating, or cutting into finger-like pieces, fer-
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menting in water, mashing or pounding and squeezing 
through a fine cloth or sieve. This raw paste is now
boiled in water or steamed in wrapped leaves. The 
normal fermentation period is from I to 3 days, how
ever, in Ghana, the grated cassava was fermented up to 
7 days. Longer periods of fermentation result in a more 
sour taste, which is preferred by some consumers. One 
essential characteristic of all these fermented pastes 
(demanded by consumers in the COSCA study areas), is 
the white color and smooth texture of the boiled cassava 
paste. In some of the stdy countries, a starter culture 
obtained from previous processing was added during 
the fermentation period. Sedimented pastes can be 
stored up to two weeks, sometimes even longer, depend
ing on how long the cassava was fermented. Longer 
fermentation is positively related to longer storability. 

Sedimented starches 

i. Tapioca. Cassava starch is made by peeling and 
grating fresh roots and stirring them in water in order to 
separate the fibers from the starch. The starch particles 
are allowed to settle on the bottom of the container. 
where it forms a white muddy cake. The water is then 
carefully skimmed off, and the cake is removed and 
further dried in the sun. The semi-dried starch may be 
roasted in iron pans until it is completely dry to form. 

i. Starch flour. Alternatively, the sundried starch 
cakes can be pounded or milled into a fine flour, which 
is used as a thickener in soups and stews. Part of this 
powder my be sold or used as laundry starch. 

iii. 	 Laundry starch. Where cassava is being processed 
in garnatrge ccter pressdduring fermentation is collected iniclarge basins and 

allowed to setle. The starch so formed is not considered 
ciean enough to be eaten and is used as laundry starch. 
However, few processors seem to be taking advantage 
of this by-product at present. 

Drinks with Cassava Components 

Cassava is used as a substitute for maize and other 
grains in the preparation of local beer. It is also mixed 
with cereals to stretch out supplies and still arrive at a 
product which resembles the original cereal-based beer. 

Consumers tend to give priority to high alcohol 
content over taste. The type of yeast used influences the 
quality of the end product, especially in the brewing of 
local beer. As the taste of distilled drinks is less affected 
by raw materials, the proportion of cassava can be 
higher, and even the lowest quality products, such as 
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mouldy or damp flours which are useless as food, can 
still be fermented to alcohol. 

Cassava Leaves 

The leaves from the low cyanide cassava varieties can 
be boiled and eaten like spinach. The leaves from high 
cyanide varieties are also consumed but they are boiled, 
squeezed out and reboilcd to reduce the toxicity. High 
cyanide leaves are also boiled together with palm oil, 
which has the same effect. 

Medicine 

Various medicines are prepared from both the leaves 
and the peels of sweet and bitter cassava varieties, 

Tests of Hypotheses 

Gender role in cassava processing 

Women, and to a lesser extent children, perform most 
of the processing operations (Table 4). As the oppor-
tunities for commercialization increase, the number of 
women involved inprocessing also increases. 

The relationship between gender participation in 
cassava processing and the degree of commercialization 
of cassava production was significant at the 0.01 level 
(Table 5). Increased commercialization of cassava 
production may arise from favorable market oppor
tunities for cassava and its products. Where this occurs, 
extra cassava isoften planted by individuals (especially 
women) for personal gain, as distinct from family cas
sava. While men may participate, even if to a limited 
extent, in the production of family cassava, they may 
not do so at all with respect to the women's individual 
cassava that ismeant for the market. 

Men are seldom involved in cassava processing 
operations, but perform more of the heavy duty farm 
operations. It was observed, however, 'hat as 
mechanized processing equipment (such as graters and 
mills) is acquired, men's participation in cassava 
processing tends to increase, as they often control and 
operate these machines. The hypothesis that gender role 
in cassava processing tends to change as processing 
becomes more mechanized, was accepted at 0.01 level 
of significance (Table 6). 

While cassava processing is, to a large extent, 
tereotyped along sex lines, this is not the case with 

respect to age (Table 4). There are virtually no opera-

Table 4. Frequency distribution of men, women, and children involved in cassava processing by 
subprocess, COSCA countries, Africa, 1989/90. 

Number of people incategory 

Sub-process Form of cooperation Total N' of 
Men Women Men & Women & Men & Adults Children people 
only only children children women only only 

Washing 2 210 0 116 22 I I 352 

Peeling II 249 0 138 39 20 I 458 

Soaking 6 101 0 26 6 0 I 140 

Slicing 9 186 0 30 14 6 0 245 

Grating 35 40 0 18 II 2 3 109 

Milling 23 46 I 3 1 3 2 79 

Pounding 5 155 0 41 II 0 6 218 

Sieving 5 162 0 45 18 4 I 235 

Sundrving 13 189 0 30 14 6 I 253 

Boiling 0 101 0 17 3 0 0 121 

Other 48 456 I 73 38 9 0 625 

Total N'of people 157 1,895 2 537 177 51 15 2,835 
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Table 5.Association between gender role in cassava processing and the degree of commercialization of 
cassava production in COSCA countries, Africa, 1989/1990. 

Gender GenderTotal Cassava production objective N0 of people 
Sales > home consumption 

Male 68 
Female 568 

Total N ° of people 636 

Sales < home consumption 
321 389 

1,874 2,442 

2,195 2,831 

Table 6. Cross tabulation of gender role in cassava processing by degree of mechanized processing, 
COSCA countries, Africa, 1989/1990. 

Gender GenderTotal Degree of mechanization N0 of people
One or 0 machine used 

Male 101 

Female 2.175 

-TtalN' of people 2.276 

tions exclusively done by children, and only 1.8% of the 
operations were restricted to adults. 

Degree of mechanized processing 

01 the total number of machines in the study villages, 
871/ were located in Nigeria, Uganda, and Ghana. The 
remaining 13% were found in Tanzania and Cfite d'-
Ivoire. Mechanical processing is insignificant in Zaire 
(Table 7). Mechanized graters were observed only in 
West Africa: Nigeria accounted for 81% of the stock, 
and the rc.;.aining 19% were found in C6te d'lvoire and 
Ghana. Cassava presses were only found in Ccte d'-
Ivoire and Nigeria. 

Two or more machines used 

59 160 

496 267 

555 2,831 

Areas where the population density is high, also 
have the largest share of cassava mills and graters. 
About 69% of the number of mills and 84% of the 
number of graters are located in the high population
density areas. This supports the hypotheses that as 
population density increases, cassava processing be
comes more mechanized, which was accepted at 0.01 
level (Table 8). 

The distribution ofcassava presses between the low 
and high population density areas did not, however, 
seem to follow the same pattern as that of the graters 
and mills, since 70% of the presses are located in the 
low population density areas (Table 7). A further 
analysis of the data inTable 7 however, shows that C6te 

Table 7. Frequency distribution of cassava processing machines (mills, graters, presses) by country and 
population density, COSCA countries, Africa, 1989/1990. 

Type of machine 
Country Mill Grater Press 

_low a High Low High Low High 
Crte d'lvoire 7 3 28 
Ghana 8 12 0 5 8 0 
Nigeria 8 28 4 31 3 17 
Tanzania 3 I 0 0 0 0 
Uganda 2 22 0 0 0 0 
Zaire 0 0 0 0 0 0 

Total N of machines 28 63 7 36 39 17 
a Low and High refer to population density 
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Table 8. Relationship between population density and machine use, COSCA countries, Africa, 1989/1990.a 
Degree of mechanization 

Population density 
I or 0 machine present 

Low 99 

Ilieh 80 

Total N' of villages 179 
:k 6.76, significant at 0.01 level. 

d'lvoire alone, with all its sampled villages in the low 
population density areas (Table 2), accounted for 50% 
of the total number of "tssava presses. When C6te 
d'lvoire data are excludea from the analysis, the dis-
tribution of the presses then follows the hypothesized 
distribution, with 61% of the presses located in the high 
population density areas. 

In addition to population density, there are other 
variables that were found to be significantly associated 
with mechanized processing. As road access to market 
improves, cassava processing tends to be more 
mechanized. This hypothesis was accepted at 0.04 level 
ofsignificancc (Table 9. 

The length of fermentation is often much shorter 
where processors have access to a cassava press which 
dewaters the grated cassava mash. The relationship 
between fermentation and the presence of cassava pres-
ses was found significant at 0.002 level (Table 10). 
Using a press. it is now possible to complete all the steps 
in gari production in one day. 

2 or more machines present 
Total N*of villages 

12 III 

27 107 

39 218 

While the length of fermentation is significantly 
associated with the degree of mechanization, it did not 
seem to be affected by market accessibility. Thus, the 
hypothesis that the fermentation period is decreasing in 
areas with good access to market, was rejected at 0.05 
level of significance (Table I I). 

Cassava production objectives do not seem to be 
significantly associat- ..n the degree of mechanized 
processing. Even if more cassava is being produced for 
sale than for home consumption, processing has not 
shifted to more mechanized methods (Table 12). 

Relationship between the 

proportion of low to high cyanide 

cassava varieties and fermented 
and unfermented flours 

Cassava flours can be produced by milling either fer
mented or unfermented dried cassava chips. Fermenta
tion reduces the level of cyanogenic glucosides present 

Table 9. Association between road access to market and machine use, COSCA countries, Aft ica, 1989/1990. a 

Road access to market Degree of mechanization Total N0 of villages 
I or 0 machine present 2 or more machines present 

Poor 

Good 

Total N' of villages 
ax2 = 4.0., significant at 0.04 level. 

97 12 109 

97 27 124 

194 39 233 

Table 10. Association between machine use and fermentation period, COSCA countries, Africa, 1989/1990.' 

State of mechanized Fermentation periud 
dewatering/fermentation 1-2 days 3 or more days 

Cassava press used 31 38 69 

Cassava press not used 71 246 317 

Total N0 of villages 102 284 386 
2 

x = 13.66. significant at 0.002 level. 
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Table 11. 	 Relationship between road access to market and fermentation period, COSCA countries,
 
Africa, 1989/199%.a
 

Road access to market 	 Fermentation period - Total N0 of villages 

1-2 days 	 3or more days 
Poor 	 34 46 80 

Good 	 45 81 

Total N* of villages 	 79 127 206 
ax = 0.69 Significant at 0.05 level. 

Table 12. 	Relationship between production objective and machine use, COSCA countries,
 
Africa, 1989/1990.R
 

Production 	obiective Degree of mechanization Total N0 of villages
Two or more machines used

One or 0machine used 
Sale > home consumption 44 	 14 58 

Sale < home consumption 148 	 25 173 

Total N' of villages 192 	 39 231 
T2.26,X2 - significant at 0.05 level (Table 12). 

Table 13. Relationship between the proportion of sweet to bitter varieties and bpe of flour, COSCA 
countries, Africa, 1989/1990. 

Proportion of sweet Type of flour 

to hitter varieties 	 Unfermented flour Fermented flour 
Sweet > bitter 	 125 8 133 

Sweet < bitter 	 73 19 92 

Total N' of villages 	 198 27 225 

in the fresh cassava roots. As would be expected, flour A wide range of processing techniques are 
made from unfermented cassava was found in areas employed in transforming the fresh roots into numerous 
where low cyanide varieties dominate; while flour from products. Different names and descriptions for similar 
fermented cassava was found in areas where high cassava products exist across Africa, and these are lar
cyanide varieties are mainly grown. A significant gely location specific, reflecting the large numbers of 
relationship (x2 = 9.69) was found between the propor- ethnic groups. More than 80 different cassava products 
tion of low to high cyanide varieties and the presence or were recorded in the study areas. Nine different product 
absence of fermented flour (Table 13). types were identified: Cooked cassava, cassava flour, 

roasted granules, steamed granules, fermented pastes, 
starches, drinks, leaves (cooked as spinach), and 
medicine.Conclusion 

Cassava processing in Africa is essentially a 
InAfrica, cassava is a major staple food for man; it also manual operation. Women, and to a lesser extent 
has great potential as livestock feed and as an industrial children, do most of the processing. The number of 
crop. Before it can be used as human food, however, it women involved in processing tends to increase with 
must be processed. Process ng not only eliminates the greater commercialization of cassava production. As 
toxic effects of the cyanogenic glucosides present in commercialization of production increases, women also 
cassava, it also helps to convert the highly perishable begin to plant/buy their own cassava to process and sell. 
roots into stable, storable and marketable products. While men may participate in cassava production for 

'I 
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household consumption, they generally do not help in 
the processing of cassava intended for sale in the 
market. However, where machines are in use for ac
tivities such as grating, pressing and milling, the men 
often own the equipment. This seems to imply that the 
gender role in processing begins to change as processing 
becomes more mechanized. 

As would be expected, the mechanization of cas-
sava processing tends to occur where the population 
density is high and access to market is good and the 
demand therefore, is higher. Although only about 25%4 
of the African population reside in the urban areas 
(Nweke 1988), the growth rate in urban centers ishigh, 
exceeding 5(-1 per annum in most countries. This under-
scores the need to process cassava into prodLucts which 
are easy to store andprprintehm.ehaitareuesos prepare in the home. Mechaniza-
tion reduces the amount of time needed to process the 
fresh roots into storable/marketable products. This may 
prove a health hazard, however, where high cyanide 
varieties are grown, as the levels of hydrocyanide 
present may be lethal if the fermentation period is 
reduced. 
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Appendix 1. Essential processing steps. 

SProductsPEssentialtypes and subgroups IVariations processing steps in essential stepsJ Manner in which prepared food 
(sequential) is eaten 

I. (kked casava I. Cook 	 I. ti) Boil I. it Boiled cassava 
a. Cooked fresh roots 	 (ii)Boil and pound (ii) Pounded c.siava 

Boil and soak in fresh 
water (wet abacha) 

iii) 	 (iii) Soaked boiled wet mots 

(iv) Boil/fcrment and mix (iv) Fermented boiled 
with vegetables cassava 

(v)Roast 	 (v) Roasted cassava 

b.Dried Cooked Cassava 1.Boil 	 I. 

(abacha) 2. Slice 2. 	 "_ 
3. Dry 	 3. 0i) Dryinsun 3. (i)Soak in water, eat with 

(ii)Dry over fire 	 coconut or palm kernel 

(ii) 	 Soak in water, mix with 
palm oil and fresh 

- vegetables 

2. 	Csava flours 1 Drv 1. to Dry insun ,. 
a. 	Unfermentcd flours 12.Mill/pound (ii)Dry over fire 2. i) Flour stirred into hot 

',ibur.. oht, uhu. 2. it) Mechanized water to form a paste 
kokonte. tpep. unga. etc.) 	 (ii)Manual (ii)Flour mixed with other 

ingredients and deep-fried. 

cakes and snacks 

h. Fermented Flours I Ferment (i)Soak in water 	 inhot waterI. 	 3. i) Flour stirred 
i(lafun, aleho, elubo, etc.) 2. Dry ii) Ferment in bags/basket tiuali, kokonte) 

i3.Mill/pound nii) Sundry more than 2 days (ii) Mixed with other 

2. 	(i)Dry in sun ingredients and deep-fried 
3. (i)Mechamed 	 (snacks)
 

(1) 	 Manual 

:3. 	 Roasted cassava granules I. Pcel and was 

,,an. 2. Grate/pound/mill 2. 	 2. atkp,,u etc.) 
3. 	Dewater/ferment 3. it Press during fermentation 3. 

4.Granulate 	 (illPress after fermentation 4. _ 

5. 	Fry/roast 4. i Sieve 5. i) Stirinto boiling water 

(ii) 	Roll on wood (eba, gari) 
5. 	 (ii) Mix with cold water and 

sugar 

(iii) Soak in water and steam 

(iv)
Fried with coconut
 

14. 	Cooked cassava granules I. Peel and wash I -. 
2. Grate/pound/mill 2. 	 2. _ 

3. Dcwater/fermcnt 3. (it 	 Press during fermentation 3.

4. 	 Granulate (i) Press after fermentation 4. 
5. Cook 4. (W 	Sieve 5. (i) Steamed granules are 

ii) 	 Roll on wood ready to cat, (attieke) 

5. 	(i)Steam (ii)Mixed with onion and 

)itDeepfry spices and deepfried 
(kwomai) 
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AppeIdix I. continued 

Prodlucts types and subgroups Essential processing steps Variations in essential steps Manner in which prepared food 
(sequential) iseaten 

5. Fermented pastes 1. Ferment 	 I. (i)Soak in water I 
(placali. agthelina, fufu. akpu. 2. Pound/grind 6i) Ferment in bags/baskets 2.
 
livonda, bobolo, chikwangue) 3. Boil 2. - 3. (i) Ready food. tfufu,
 

3. (i)Wrap in leaves, boil and myondo, bobolo. etc.) 
steam (ii) Ready food (akpu, 

(ii) 	Wrap, boil, repound/grind, chikwangue, mentoumnba) 
wrap, reboil 

6. Sedimented starches I. Grating . I. 
(starch. tapioca. etc.) 2. Sedimenting 2. -2 

3. Drying 3. (i)Dry in sun 	 3. (i)Stir into boiling water 
(ii) Semi-dry insun/cook (ii) Boiled starch; roasted and 
(iii) Semi-dry in boiled as porridge: roasted 

sun/granulated and eaten 
(iv) Roast 	 (iii) Steamed granules 

(iv) Eat as asnack 

7. Drinks I. Mix cassava product with 	 I. 1.
ia. Fermented drinks cereals 2. i No starter culture 2. i) Refreshment (togwa) 

(togwa. kawogo,kwete, 2. Ferments liquid (ii) Starterculture (ii) Beers 
chimbuku, malvia, tjono) 

b.Ditilled fermented drinks 1.Mix cassava product with I. 	Several cassava products I. 

(gomio, koiwoo, (tt ioraqi' cereals or starter culture and/or wastes are used 2.
 
en'uh araea, kpana, 1 2. Ferment liquid 2. 3. Alcoholic beverages
13.13. 	 Distillhusera1 

M. Leaves 1. Cook 	 I. Boil; boil/pound; I. Vegetable 
1pondu, kisaiOu) 	 boil, :;queeze, boil in
 

coconut milk
 

9 	 Medicine I. Scrape peeled (sweet) cassava I. _ 
2. Mix with other ingredients 	 2. Stomach medicine 

I,
 

207 



Appendix 2. List of cassava products in African countries. 

Name of product 

Aaha (wet) 

Ab 'hia (dry) 

Country 

Nigeria 
(Ibo) 

Nigeria
(Iho) 

iAgtelinw Ghana 

(mainly Ewe) 

Aghe./ikao 

Ajo 

Akiaro 

IAluki 

Ama/a 

Ghana 

Uanda 

Uganda 

NAkpr 

Cameroon 

Nigeria 

IAmpesiGhana 

,Arki Cameroon 

Arege Uganda 

C6te d'lvoire 

208 

Characteristics 

boiled cassava 

jcuttings 

boiled sliced 
'cassava 


fermented paste 

deep fried seasoned 

Isemi-dry starch 

beer from cassava and 
cereals 

'flour mixed from 

'cassava and millet 

I	fermented reboiled 
paste 
flour 

paste from fermented 
'flour 

boiled cassava 

distilled cassava or 
cassava and maize 

distilled cassava or 
cassava and cereals 

idrink 

Steamed cassava 

Used or form eaten 

part of main meal or 
!dish eaten with stews 
or vegetables 

snack: eaten soaked 
with coconut: main 

dish: prepared with 
palm oil. vegetables. 
meat or fish 

part of main meal or 
dish, boiled paste 
eaten with stews. 
sauces
 

snack, sold in markets 

drink 

stirred into boiling 

water. eaten with stew 

part of main meal. 
leaten with stew 
I 	 

stirred into boiling 

water to form a thick 

paste and eaten with 

so up/s tew 

part of meal, or dish 

distilled beverage 
made from fermented 
cassava with starte 
culture from maiic 

drink distilled after 
fermentation with 
starter culture from 
cereals or cassava 

mixed with cereals 

Part of main dish r 

meal ready food eaten 
with stews and sauces 

Product type Other names & places 
used 

cooked fresh cassava 

dried cooked cassava 

fermented paste 

sedimented starch 

fermented drink 

flour 

fermented paste 

flour 

fermented flour 	 lafun: Nigeria, Yoruba 
ugali: Tanz.Ania 
tuo: Ghana 

coked fresh cassava 

distilled drink 

distilled drink 

granules 	 vakavake: Ghana 



AP.)PM/fi 2. continued 

Name of product CountryNameof Characteristics Used or form eatenpoducused Product type 
Other names & places

se d 

Atoukpou Cte d'lvoire roasted cassava 
granules 

I 

part of main dish or 
meal, soaked inwater 
steamed, eaten with 
stews. slutces (alnwke) 
or stirred in hot water 
land eaten as paste 
with stews 

roasted granules garn: all areas 

Ih,,n Cameroon boiled wrapped 
fermented paste 

pan of' main dish or 
smeal, eaten with 
stew%. sauces 
vegetables 

fermented pastes 

Sourhs de maniot ,CCite d'Ivoire Ideep-fried seasoned 
*pounded cassava 

'snack from boiled 
pounded cassava 
mixed with onions and 
tomatoes. spices and 
deep tried 

(deep-fried) cooked 
fresh cassava 

Iuima 

l/u wroI 

Uganda 

Uganda 

:cassava flour 

'distilled cassava or 

part of main (fish oi 
meal. stirred inhot 
water, paste eaten with 
stews. sauces 

:drink distilled after 

fllours: fermewed 
(hitter cassava); 
unfermented (sweet 
cassava) 

distilled drink 

ohuita: Uganda 

cassava and cereals 
:drink 

_-_I 

Ifermentation with 
starter culture from 
cereals or mix with 

_cereals 

C.Tada Nigeria 
Rep. of Benin 

,fried gari-coconut 
!pancake 

snack from gari mixed 
with coconut 
pieces/gratings fried 
in pan 

(fried) roasted 
cassava granules 

ChikwZngue Zaire rebotled wrapped 

cassaanga chisssutes)fermented paste 
part of marin dish or 
meal. eaten with 

Sstew, satices 

vegetables 

fermented pastes 

Chinmiva Zaire dried iiced small intermediate cassava
cassava chips (.sun dry) produc t, stored and 

, .mar keted before 

flours: unfermented 

Smilled unto flour 

Chips Al areas idried chipped roots intermediate cassava Ilours: fermented or 

I 

* 

product, stored and 
iniarketed before ii is i 

imilled oi pounded. 
iand sieved 

unfermented 
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Appendix 2. continued 

Name of product Country 

Co.,ettes Zaire 

IDimwehe Zaire 

Enguli Uganda 

Friandes Zaire 

Fuii 	 Ghana 

Fuf, 	 Nigeria 

Foutnu CMte d'lvoire 

Futari Uganda 

Gari 	 All areas 

Gongo Tanzania 

Characteristics 

dried cassava cuttings 
or chips (sundry or 
smoked) 

whole small dried 
cassava roots (sundry 
or smoked) 

distilled cassava or 
cassava and cereals 
drink 

deep-fried cassava 
pieces 

boiled and pounded 
fresh cassava 

boiled fermented paste 

boiled and pounded 
fresh cassava 

boiled and pounded 

fresh cassava 

roasted cassava 
granules 

distilled cassava or 
cassava and cereals 
drink 

Used or form eaten 

intermediate cassava 
product, stored and 
marketed before 
milled into flour 

intermediate cassava 
and marketed before 
milled into flour 

drink distilled after 
fermentation with 
starter culture from 
cereals or mix with 
cereals 

snack or part of main 
meal or dish, dried 
cassava pieces are 
soaked and deep-fried 

part o main dish or 
meal, unfermented 
paste eaten with 
stews, sauces 

part of main dish or 
meal. white cassava 
paste eaten with stews 

part of main dish or 
meal, paste eaten with 
stews, sauces 

part of main dish or 

meal, paste eaten with 
stews, sauces 

part of main dish or 
meal, stirred inhot 
water eaten with 
stews, sauces; 
snack: soaked incold 
water with sugar 

drink distilled after 
fermentation with 
starter culture from 
cereals or mix with 
cereals 

names & placesProduct type uher 
used
 

flours: ferm,,nted or Miteke (Zaire = Z.)
 
unfermented manioko (Z.)
 

songo (Z.)
 
tshiomba tshiapan (Z.)
 
tshiomba tshiamay'i
 
(Z.) 

flours: unfermented 

distilled drink 

deep-fried dried 
cassava 

cooked fresh cassava 

fermented paste 

cooked fresh cassava 

cooked fresh cassava 

roasted granules 	 atoutipou: 
CMte d'lvoire 

distilled drink 
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APjendix 2. continued 

Name of product 	 Country 

tlaragi 	 Uganda 

lyan ege 	 Nigeria 

Yoruba 


Kahalagala 	 Uganda 

Katogo 	 Uganda 

Kawoo 	 Uganda 

Kipanga 	 Uganda 

Kisamnwu 

Kokoneu 	 Ghana 
I 

Kokonte 	 Ghana 

Kokoro 	 Nigeria 
Yoruba 

Characteristics 

distilled cassava or 
c3ssava cereals drink 

pounded cassava 

deep-fried cassava 
banana cakes 

fresh cassava boiled 
with beans, onions, 
and spices 

distilled cassava or 

cassa, aand cereals 
drink 

distilled cassava or 
cassava and cereals 
drink 

cooked leaves 

paste from flour 

dried cassava 
chips/cuttings/whole 
roots 

'deep-fried gari sweets 

__and 

Used or form eatenj 
distilled drink 

part main meal or 
dish; boiled sweet 
cassava roots/root 
pieces that are 
pounded to asmooth 
paste 

snack prepared from 
cassava flour dough 
mixed with mashed 
.,eet banana, 
deep-fried 

full meal of cut fresh 
cassava roots boiled 
with onions, beans, 
spices 

drink distilled after 

fermentation with 
starter culture from 
cereals or mix with 
cereals 

drink distilled after 
fermentation with 
starter culture from 
cereal- or mix with 
cereals 

vegetable 

part of main meal or 
dish, stirred in hot 
water, paste (tuo) 
eaten with stews... 

intermediate cassava 
products that are 
milled into flour for 
paste (tw) preparation 

sweet snacks, soaked 
garn mixed with sugar 

deep-fried 

Product type Other names & places
used
 

cooked fresh cassava utaraakpu: Nigeria, 
Iho 
fufu: Ghana 
foutou: C6te d'lvoire 
futari: Uganda 

(deep-fried) fermented pancake: Uganda 
or unfermented flour 

cooked fresh cassava 

distilled drink 

distilled drink 

fermented or CCmIed'lvoire 
unfermented flours 

fermented or C6te d'lvoire 
unfermented flours 

(deep-fried) roasted 
granules/gari 
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Appendix 2. continued 

Name of product 

Kwadu 

Lira lira 

Makopa 

Manioc braise 

Man ima 

Manieba 

Mantmaba 

Miteke 

Mavndo 

iNgunula 

Country 

Nigeria 
(Hausa) 

Uganda 

Zaire 

Zaire 

C6tc d'lvoire 

Zaire 

Tanzania 

Cameroon 

Zaire 

Cameroon 

Zaire 

_milled 

Characteristics 

cassava-groundnut 
cake paste 

distilled cassava or 
cassava and cereals 
drink 

dried, fermentated or 
unfermented cassava 
(sun dry or smoked) 

distilled cassava 
maize drink 

roasted cassava 

dried cassava cuttings 
or chips (sundry or 
smoked) 

fermented pounded 

cassava paste 

Iboiled wrapped 
fermented paste with 
vegetables and spices 

dried cassava cuttings 
or chips (sundry or 
smoked) 

boiled wrapped 

fermented paste 


crushed dried cassava 

pieces (sundry) 
I 

Used or form eaten 

full meal, boiled 
cassava, stirred or 
pounded with 
groundnut cake 

drink, fermentation 

with starter culture
 
from cereals or mix
 
with cereals
 

intermediate product, 
storedhnarketed 
before milled into flour 

drink, fermentation 
with starter culture 
from maize or mix 
with maize 

full meal roasted over 
charcoal or fire ashes 

intermediate cassava 
product 

part of meal, boiled 
and pound.d cassava 
fermented A'"h starter 
culture 

snack or main dish 

intermediate cassava 
produci 

part of main dish or 
meal, eaten with 

stews, sauces 
vegetables 

intermediate cassava 

product, stored arid 
marketed before 

into flour 

Other names & places
Product type used 

used 

cooked fresh cassava 

distilled drink 

1flours; unfermented or 
fermented 

distilled drink 

cooked fresh cassava 

flours: fermented or cossettes (ZaYre = Z.)
 
unfermented niiteke (Z.)
 

songo (Z.)
 
ishiomba 

(fermented) cooked 
fresh cassava 

fermented paste 

flours: fermented or cassettes (Zafre = Z.) 
unfermented manioko (Z.) 

songo (Z.) 

fermented paste 

flours: unfermented 
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Appendir 2. continued 

Other names & places 
Name of product Country Characteristics Used or form eaten Product type used 

Nnii akpu Nigeria boiled fresh cassava part of main dish or cooked fresh cassava 
(Ibo) meal. eaten with stews 

and sauces 

Ntilin/he Zaifre crushed fermented intermediate cassava flours: fermented 
dried cassava pieces product, stored and 
(sundry) marketed before 

milled into flour 

Obuita Uganda cassava flour 	 pan of main dish or fermented (bitter buita: Uganda 
meal, sirred in hot cassava) unfermented 
water, paste eaten with (sweet cassava) 
stews, sauces 

Ohutaga Tanzania 	 fermented crushed dry intermediate cassava fermented flour udaga: Tanzania 
cassava product laf4n: Nigeria 

Oka Nijeri. paste from fermented main meal, cassava fermented flour amala: Nigeria 

Yoruba flour flour (Iafan) stirred in tuo: Ghana 
hot water, eaten with ugali: Tanzania 
stews 

Omudiyenge Tanzania 	 fermented dried intermediate cassava fermented flour 
cassava cuttings product 

Pan or Pancake Uganda deep-fried 	 snack from cassava (deep-fried) fermented kabalakala: Uganda 
cassava-banana cikes 	 flour mixed with or unfermented flour 

mashed banana, 
deep-fried 

Placali Cfte d'lvoire boiled fermented paste 	 main dish or meal, fermented paste 
boiled paste eaten 
with stew 

Prndu Tanzania cooked leaves 	 main dish or meal 

Ra qout C6te d'lvoire boiled roots spiced snack or full meal, cooked fresh cassava 
and mixed with boiled sweet cassava 
vegetables mixed with vegetables 

and spices 

Starch All areas sedimented starch 	 part of main meal or sedimented starch 
dish- boiled as paste 
semi-dry steamed; 
roast 1snack; roasted 
granules laundry starch 

Tapioca Nigeria roasted, sedimenied 	 snack; granulated and sedimented starch 
Ghana starch 	 masted part of main 

dish or meal; roasted 
and boiled 
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Appendix 2. continued 

Name of product 	 Country 

Tshiomba 	 tshia mayi 
Zare 

Tvhiomba 	 tshia mpandu 
Zafire 

Tuo 	 Ghana 

Udaga 	 Tanzania 

Ugali 	 Tanzania 

Ugimbi wa rnuhogo 	 Tanzania 

jUtaraakpu Nigeria 
(Ibo) 

Waterfufu 	 Cameroon 

iakayaka Ghana 

Product type Other names & places 
used 

flours: fermented or 	 cossetes (Zafre = Z.) 
unfermented 	 miteke (Z.)
 

songo (Z.)
 
manioc (Z.)

Ishiomba ishia 

mpandu (Z.) 

flours: fermented or cossettes (Za're = Z.) 
unfermented miteke (Z.) 

songo (Z.) 
manioco (Z.) 

fermented flour 	 amala: Nigeria, Yoruba 
oka: Nigeria, Yoruba 

ugali: Tanzania 
too: Ghana 

fermented flour 	 obutaga: Tanzania
 
tofai:: Nigeria
 

fermented flour 	 amala: Nigeria, Yoruba 
tuo: Ghana 
oka: Nigeria, Yoruba 

fermented drink 

cooked fresh cassava 

fermented paste 

steamed granules 	 attieke: C6te d'lvoire 

Characteristics 

dried cassava cuttings 
oi chips (smoked) 

dried cassava c",rngs 
or chips flour (sun dry) product, stored and 

Used or form eaten 

intermediate cassava 
product stored and 
marketed before 
milled into flour 

intermediate cassava 

Paste from fermented 
flour 

fermented crushed dry 
cassava 

paste from fermented 
flour 

beer from cassava and 
cereals 

boiled cassava 

boiled fermented 
cassava mash 

steamed cassava 

granules 

marketed before 
milled into... 

par of main meal or 
dish, cassava flour 

(lafun) stirred m hot 
water, eaten with stews 

intermediate cassava 
product. stored and 

marketed before 
milled/pounded-sieved 
toto ur 

part of main meal or 
dish, cassava flour 
(lafun) stirred inhot 
water, eaten with stews 

drink by fermenting 

cassava-cereals 
mixture 

pan of main meal or 
dish, boiled sweet 
cassava roots, 

part of main meal or 
dish, fermented 
cassava is mashed and 
boiled in water; eaten 
with stew 

p'rt of main dish cr 

meal, steamed 
semi-dry granules, 
eaten with stews 
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Technological Change and the Economics of Product 
Development in Cassava and Cocoyam in Nigeria 

N. 0. A. Ezeh, 0. B.Arene, S. 0. Odurukwe, and L. S. 0. Ene 

Abstract 

Averaz'e farm size for cassava and cocoyam in Nigeria is 0.025 ha and 0.008 ha respeztively. Thus, 
production is dominated by numerous small-scale operators, a highly competitive group. Productivity 
studies show there is potential for positive commodity balance as against the current deficit situation. 
Results from farm size studies show smallness has a positive impact on rates of technological innovation 
and diffusion to operators. 

Commercializability of technologies in processing were studied with respect to their use of cassava root 
meal as an energy substitute for corn in broiler production and cocoyam soup thickener. Results show 
that production of cassava root meal and its use is cost-effective with a gross margin of N 1,224.6 and a 
benefit-cost ratio of 1.41. For cocovam soup thickener, the gross margin per ton was N 1,002.06 or 
eCLivalent of 12S.2c/, a good return that could easily help offset fixed costs in the short term. 

Key words: cassava. cocoyain. 

Introdt: .-ion 
farmers that, between 1985 and 1986, 2.2 million tons 

The average farm size in Nigeria f,, La.;,,,ais0.025 ha of cassava were produced in a total growing area of 13 
and 0.008 ha for cocowim (Olayide et al. 1980). These million ha and 0.22 million tons ofcocoyam in 2 million 
small farm sizes are indeed atomistic, which mean that ha (Ezeh and Arene 1989) (see Table I). Production 
cassava and cocovam production is highly competitive efficiency, however, is only 19.7% for cassava and 30% 
and dominated by small-scale producers. It is from these for cocoyam (Ezeh and Arene 1989). 

Table 1. Production, area, and productivity of Nigerian root and tuber crops, 1985. 

Productivity Production 
Production Area (t/ha) efficiency 

Crop (million t) (million ha) actual potential (%) 

Cassava 2.2 13.0 5.9 30.0 19.7 
Yam 1.4 15.6 11.1 40.0 27.8 
Cocoam 0.2 2.0 9.0 30.0 30.0 
Sweetpotato 0.3 1.8 7.2 58.5 12.3 

.Sowtre: Ezeh ttdArene 1989. 

IN.O.A. Ezeh. Industrial Economist; O1. Arenc. Assistant Director, Planning/Project Development; S.O. Odurukwe, Agronomist.
Assistant Director. Dept. of Farming Systems Research and Extension, and L.S.O. Ene, Director, respectively. National Root Crops 
Research Institute (NRCRI). P.M.B. 7006. Umudike. Nigeria 
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I 

Studies at Umudike (Ezeh and Arene 1989) have 
shown that small-scale production does not impede 
either technological invention or technology diffusion 

rmers. Rather, small farm size has apositive impact 
on the rate of technological invention. 

The National Root Crops Research Institute (NRCRI) 
at Umudike has distributed available technologies in the 
processing, storage, and utilization of root and tuber 
crops. These activities arc summarized in Table 2. Al-
1hot.1h the products have not been commercialized, 
cassava root meal and cocoyam soup thickener have been 
selected for studies of their market potential. 

In Nigeria. research and development in root and 
tuber crops falls within the mandate of the NRCRI. Six 
major crops are under study: cassava, yam, cocoyan. 
,,,eetp(tzto,potato, and ginger. Research isbeing con
ducted into pr)duction, storage, preservation, processing, 
and utilization of*these crops (Ezeh and Arene Iq)9. 
lntenive breeding activities are also going on to prod-
acc Inmproved planting materials. Incollaboration with 
dhc National Extension Research Liaison Services at the 
Aniahdu Bello University, Zaria, the Farming Systems 
Research and Extension Department of the Institute is 
concentrating its efforts to transfer these research results 
to t'anners, consumers, and agro-industrialists. The coun-

try-wide organization of research and development of 
crops isshown in Figure I. 

Table 2. Root crop products developed at NRCRI, 
aUmudike, and their use, 199 1. 

For rural State of 
Products 

Cassava root meal (pee!ed 
and unpeeled) 

Cocoyam soup thickener 
Odorless foufou flour 
Starch 

Gari 
Cocoyam 

Ginger powder 
Yam flour 
Sweetpotato flour 
Cassava pellets 
D. alatachips 

Total 

I = occurrence of event; 0 = 

use commercialization 

1 0 

I 0
 
1 0
 
I I
 
I I
 
I 0 

I 0 
I I 
I 0 
0 0 
0 0 

9 3 

non-occurrence. 

Figure 1. Organizational structure of NRCRI, Umudike, in relation to other agencies. 

Federal Government of Nigeria 
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Cocoyamn and Cassava 
Aspects of Production 

Production figures for cocoyam and casava are among 
those shown for important root and tuber crops in 
Table 1.Table 3 shows the demand and supply gaps of 
these crops. The inherent potentiai for substantial improvement in the aggregate output from existing land 

provmenggrgateoututin he fom xising and 
holdings could be exploited if currently available pro-ducton echologes xamle,ereimplmened.Ford u ctio n te chno logies w e re im ple m e n te d ,For e x a m ple ,5 
the improved high yielding and disease- and pest-resis-tant varieties of cassava available, NR 8083, NR 8082,
NR 28,TMS30572, Ul/41044, andTMS4(2)1425, have 

N1028, NIS3057, aveU4104, ad Ts 42)145,
high dry matter content of 27-30%), high starch contentIlf .dryattergoniel of 2-2%, ghtad ontetl(it19t-25%, go~d gariyield of 21-25%1, andfoufou flourI 
yield of 5-3 %. Six cocoyam varieties also have been 
,elected (Arene et al. 19847). 

The Research Project 

In-country Research 

A national research project was begun on cassava and 
cOcOyam. Obiectives of the project are: 

* 	 to evaluate the available technologies iishortage, 
processing, and utilization of cassava and cocoyam; 

" 	to examine the impact of farm size on the rates and 
diffusion of technoloeical innovations: and, 

" 	lo show the market potentiality of cassava root meal 
and cocovam soup thickener. 

Processing/Commercialization 


Cassava Root Meal 

Feed alone accounts for 80% of production cost.; in 
poultry raising ventures in Nigeria. With the present ban 

on corn and wheat importation, demand by flour millers 
and breweries has generated a scarcity of these grains, 
consequently increasing theircost. Many feed mills and 
poultry projects have closed down and the survivors are 
running at excess capacity. Therefore, the need to iden
tify and employ alternative sources ofenergy for poultry 
feed formulations isurgent. 

Figure 2shows the production process for cassava 
root meal. At NRCRI, Umudike, Ngoka et al. (1984) 
rtt m eal. t roemd eN et l. (1984started addressing this problem. They used levels of 0,0 7 , a n 1 0 %o c s a v r ot m l t o u b i u e r 
50, 75, and 100% of cassava root meal to substitute forcorn inlayer, breeder, and broiler rations. While feeding 
the experimental ration, they monitored the effects onthree aspects of poultry production: laver performancetreapcso olr rdcin ae efrac 
and egg quality; chicken egg hatchability; and broiler 
performance and meat yield. The results of the study 
showed that cassava root meal can be substituted forcorn in layer, breeder, and broiler diets up to 75%. 
Higher substitution levels are possible provided animal 
protein, methionine, and Vitamin B12 are supplemented 
at appropriate amOUnts. 

The estimated costs and returns of cassava root 

meal production are shown in Table 4,while the benefit
cost analysis of cassava root meal used as an energy 
substitute (50% substitution) for corn in broiler pro
duction ispresented inTable 5.It can he seen from these 
tables that both processing of raw cassava roots into 
cassava root meal and use in poultry (broiler) diets are 
cost-effective, considering the realized gross margin of 
N 1,225 (Table 4) and the benefit-cost ratio of 1.41 

(Table 5). 
Cocoyam Soup Thickener 

There is a declining trend in cocoyam production as well 
as a shortage of its supply in domestic markets due to 
declining yields and low storability. This trend has, 
however, been halted by introduction of the minisett 
technique and an improved agronomic package (Arene 
et al. 1987). With the prospects of an improved supply, 

Table 3. Demand and supply (million t) of Nigerian root and tuber crops, 1984-90. 

1984-85 1985-90 
Crop Demand Supply Deficit Demand Supply Deficit 

Cassava 5.429 4.652 0.777 6.043 5.272 4.371 
Yam 11.353 9.730 1.623 13.893 11.025 2.868 
Cocoyam 0.545 0.467 0.078 0.667 0.529 0.138 
Potato 0.241 0.206 0.035 0.295 0.235 0.061 

Source: Adaptedfrom Okoli et al. 1986. 
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Figure 2. Flow chart of cassava root meal production. 

Fresh cassava 

Wash roots 

Grate and bag 

Ferment (48 hrs) 

Dewater 
ia 

Sundry 

Bag dry product 

+Constraints
S Root meal 

the potential production of cocoyam soup thickener 
becomes a strong possibility. 

The production process of the cocoyam soup thick-
ener is shown in Figure 3, and the estimated costs and 
returns of the venture are presented in Table 6.'lhe gross 
margin from processing I t of cocoyam is N 1,002. This 
isquite a reasonable return, and could easily help in the 

Table 4. Estimated costs and returns of cassava 
root production, 1991. 

Parameter Quantity Value(N)" 

Output (t) I 
Revenue 1,500.00 

Variable costs 
Raw material (t) I 240.00 
Labor (manday) 3 15.00 
Fuel (litre) II 0.39 

Total variable costs 255.39 

Gross margin 1255.39 

I Naira = US$ 0.089. 

short-run toward offsetting the fixed cost of investments 

in a new product. 

and Limitations 
A major financial constraint of the project is that it was 
not funded as an approved project within the 1990-92 
National Rolling Plan. However, activities related to the 
project are being undertaken in each of the commodity 
crop research programs. 

Inthe program of work for 1991, aspace was carved 
out for project activities. Still, the Processing and Storage 
Program as presently constituted suffers from limita
tions in terms of production of research results so as to 
be in line with the Honorable Minister's directive for 
1992 that research institutes commercialize their results 
under the Research and Productio i (RAP) policy. 

Table 5. Benefit-cost analysis of cassava root meal used as an energy substitute (50%) for corn in poultry 
(broiler) production, 1991. 

Parameter 
Corn-based diet 

quantity value" 

Broiler output (kg)/revenue 
Variahbl costs 

Corn (kg) 
Other ingredients 
Day-old chicks 
Drugs 

Total variable costs 
Benefit-cost ratio 

984.1 

1,040 
-

-

-

1.41 

14,652 

3,120 
5,968 
4,000 
1,368 

14,456 

UI Naira = [S$ 0.089. 
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Cassava-based diet 
quantity value" 

862.5 12,841 

1,513 303 
- 5,968 

- 4,W0 
1,368 

13,173 
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Figure 3. Cocoyam soup thickener production process. 
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Table 6. Estimated costs and returns of production 

Future Projects 

It is hoped that this project will launch technological 
changes using roots and tubers to benefit end-users. The 
complete realization of end-user benefit would encom
pass invention, entrepreneurship, investment, and de

on the part of small-scale farmers. 
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400.00 
373.60 

Polvthene bags (#) 139 8.34 
Total variable costs 781.94 

Gross margin 1,002.06 

SOUrce."Adapted from Ezeh and Mbanaso (1987). 
"I Naira = US$ 0.231. 

Ezeh, N.O.A. and O.B. Arene. 1989. Farm size analysis 

and technological change in four Nigerian root
and tuber crops. Nigerian Journal of Science 23 
(1-2): 6-9. 

Ngoka, D.A., L.S.O. Ene, A.O. Okpokiri, and S.O. 
Odurukwe. 1984. The use of cassava root meal 
as energy substitute for maize in poultry diets. 
National Root Crops Research Institute (NRCRI) 
Research Bulletin No. 3. 

Olayide, S. 0., J.A. Emeka, and V. E. Bello-Osagib. 
1980. Nigerian small farmers: Problems and 
prospects in integrated rural development. CARD. 
University of Ibadan. Ibadan, Nigeria. 

219 



Sweetpotato - A Versatile and Nutritious Food For All
 

JenniferWoolfel 

Abstract 

Sweetpotato has considerable untapped potential as anutritious food crop particularly for the poor and 
more vulnerable groups of society in developing countries. This paper analyzes the nutritional content of 
sweetpotato roots and leaves in both cooked (fresh) and processed forms. It highlights the high content 
of carotene and Vitamin A of sweetpotato roots and leaves. Processed products are then discussed as well 
as extension/promotion efforts as means to broaden the crop's appeal and thereby encourage its greater 
use. 

Key words: calorie, protein, vitamins, minerals, consumption. 

Introduction 
The sweetpotato (lpomoeabatatas) has been alife saver 
for centuries in many tropical, sub-tropical, and warmer 
temperate areas of the world, warding off famine in 
times of both climatic disaster and war. It was domesti-
cated in the New World, somewhere in the Central or 
South American lowlands, remains of thousands of 
years old dessicated roots having been found in the 
pre-Columbian sites in Peru. Columbus became 
aquainted with it on his first voyage to the New World 
in 1492. Since then, it has spread widely throughout the 
world. 

Although entering to only avery limited extent into 
international trade, due to its bulky and highly perish- 
able nature, the sweetpotato is one of the world's most 
important and valuable food crops. It lies seventh in the 
crop league table in terms of total production and is the 

fifth most valuable developing world food crop. Ap-
proximately 90% of the world's sweetpotatoes areproxisia 9(%mof then lotatoeworl sweetp are 
grown in Asia (more than 80%-nearly 100 million t in 
China alone), just under 5% (6 million in Africa and 
only about 5% in the rest of the world. Only about 2% 
of the total are grown in industrialized countries, mainly 
the United States and Japan. 

Status 
In spite of the many agricultural adva, tages sweetpotato 
possess:s, its use has declined in many parts of the 
world. This has been attributed to various causes. 
Among these are: the total dependence of some popula
tions on sweetpotato during times of hardship and suf
fering, for example in wartime; the supposed low status 
of the sweetpotato as a "poor man's rood" (not helped 
by its use as apig feed or dog food in some countries); 
and its sweet taste which, for some people, quickly palls 
if eaten too frequently and which makes it difficult to 
combine with other savoury foods in avariety of dishes. 
Moreover, once harvested, it is highly perishable anddifficult to store and transport especially in tropical 
areas, a fact which often leads subsistence producers to 
leave roots in the ground and harvest them as and when 
needed for food. However, associations of sweetpotato
with hardship are now a distant memory for most 
people, or are unknown by younger generations. The 
polo r nnw yyugrgnrtos h 
status of sweetpotato is not invariably that of a poor 
relation to other food crops, and varies considerably in 
different parts of the world. In the United States, it is a 
festive food served traditionally at Thanksgiving and 
has even been included in aprogram of research aiming 
to grow crops in situ for consumption by space station 

26 Wesiville Rd., Thames Pitton, Surrey, United Kingdom, KT7 OUJ. 

221 



Table 1. Average consumption (kg/year) per adult equivalent of sweetpotato and other selected foods in 
rural households of five Rwandese regions, 1986. 

North South 
Food West West 
Sweetpotato 137(17%) 211 (34%) 

Cassava 174 40 
Bananas 51 81 
Banana beer 59 42 
Legumes 102 66 
Sorghum beer 79 48 
Cereals 56 26 
Animal products 8 5 
Other 97 42 

Total 787 615 

Source: Ewell 1988. 

dwellers (Bonsi et al. 1991). In Nepal, it is prepared as 
an offering to the God. Elsewhere, it features as an 
important item in traditional feasts and religious 
ceremonies. Most of the varied forins of processed 
sweetpotato that are hand-crafted or made on a small 
scale inJapan are luxury items, given as gifts to friends 
and relatives or bought as tourist souvenirs. Sweet-
potato lines vary greately in sweetness (see below) and 
avariety ofcultivars with arange of tastes are potential-
ly available for cooking or processing into multiple 
forms. 

The sweetpotato is eaten in large quantities on a 
regular basis as a basic staple food in only a few 
countries of the world nowadays. Among these are 
several African countries, namely Rwanda, Uganda, 
and Burundi. all with a production of well over 100 kg 
per capita per year. The importance of the sweetpotato 
in Rwandan diets is illustrated in Tables I and 2.Other 
countries wrncre sweetpotato has a similar importance 
are the highlards of Papua New Guinea, the Solomon 
Islands, Tonga, and isolated and mountainous parts of 
China, and elsewhere in Southeast Asia. In some parts 
of Africa, for example northern Ethiopia, sweetpotato 
has been introduced in response to climatic challenges 
such as drought, and is now an important food crop 
where before it was not grown (Belehu 1988). However, 
as it isnot held in any great esteem by most people, the 
sweetpotato isnow used as an essential part of the meal 
only in a fal back capacity, on a seasonal basis, when 
other, preferred staples are expensive or in short supply. 
.n Mozambique, sweetpotato isa security crop used as 
adietary energy source from when supplies of the first 

Center-
north 

Center
south East 

309(40%) 213(37%) 131 (17%) 

43 
112 
43 

131 
31 
7 
4 

31 

19 
41 
32 
88 
61 
6 
6 

24 

8 
244 
68 

138 
24 
8 

26 
32 

756 580 774 

maize crop finish until the second maize crop is har
vested (Jimenex et al. 1988). In many countries, it is 
most frequently found as avegetable accompaniment to 
a meal, or baked or roasted a- astreet snack food. This 
role is by no means unimportant; daily consumption of 
baked sweetpotato on the streets of Jinan, China, is 
estimated as 4 tons (Wiersema et al. 1989). 

Table 2. Contribution (%) of sweetpotato and 
other selected foods to energy and protein 
intakes of Rwandese rural households, 
1986. 

Food Energy Protein 

Sweetpotato 174 7.5 
Cassava 12.3 2.6
 
Potatoes 3.5 2.6
 
Bananas 8.2 2.5
 
Banana beer 4.7 0.0
 

Sub-total 46.1 15.2
 

Legumes 35.2 71.3 
Cereal products 14.3 8.8 
Animal products 1.4 2.5 
Other 3.0 2.2 

Total 100 100 

Source. Ewell 1988. 

The migration of large populations from the 
countryside to the city and the need to transport sweet
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potato long distances to urban markets has highlighted 
the need to explore solutions to problems of damage and 
disease which have led to poor quality, wastage, and 
relatively high prices. An alternative to the problem of 
storage and one which also addresses the declining 
interest in sweetpotato in its fresh form is to process it, 
particulary by dehydration, into a variety of forms 
which are easy to store and transport, provide tasty, 
nutritious, and convenient foods forconsumers and lead 
to value added products for producers. 

Potential 

Until recent times sweetpotato, in common with other 
root and tuber crops grown by poor farmers in develop-
ing areas, was neglected in favor of international con
centration on research into yield and disease resistance 
improvement in cereals, particulary wheat and rice. 
However, with the realization that root crops such as 
sweetpotato constitute local resources (foods and in-
du!,rial raw materials) which can enhance self suf-
ficiencv and food security in countries where the 
world's poorest people live, they have begun to receive 
the attention they deserve from international scientists 
and policy makers. Sweetpotato combines anumber of 
advantages which give it an exciting potential role in 
combating the food shortages and malnutrition which 
may increasingly occur as aresult of population growth 
and nressure on land utilization. Grown from 40 ON to 
32 OS of the equator from sea level to 3000 m,wherever 
there is a guaranteed frost-free period of 4-6 months and 
relati vely high temperatures during thiq time, it isoften 
the only crop surviving extremes of drought, flooding, 
or typhoons. Capable of yielding even in marginal con
ditions, the sweetpotato is one of the most efficient of 
crops in terms of the amount of food produced per unit 
area per unit time (Table 3). Yields still remain disap-
pointingly low in many tropical developing countries. 
However, the potential increase in yield wt ich could be 
achieved, given the example of some countries like 
China, where yields increased from about 8t/ha in 1961 
to 18 t/ha in 1985 (Horton 1988), and the experimental 
yields of 3)-45 t/ha produced on research tations (Kay 
1987) means that sweetpotato is a crop of the future. 

Variability 

Roots may weigh from 0.1kg to several kilograms, vary 
in skin color from white, brown, or yellow to red or 
purple and in tlesh color from white through various 
shades of yellow to deep orange and even dark purple. 
Cooked roots owe their sweetness to the presence of 
amylases, enzymes which convert part of the starch 

Table 3. Yields of sweetpotato and other major 
crops. 

Crop Average tropical Days to Average yield 
yield (t/ha) harvest (kg/ha/day) 

Roots/tubers 

Sweetpotato 6.5 140 46.4 
Cassava 8.7 330 26.4 
Yam 7.0 280 25.0 

Legumes 

Beans 0.6 120 5.0 
Soybeans 1.3 100 13.0 

Cereals 

Rice 2.0 140 14.3 
Maize 1.2 130 9.2 
Sorghum 0.8 110 7.3 

Experimetal 
yields 

Sweetpotato 
roots 30.0 140 214.3 

Sweetpotato 
leaves 13.0 120 108.3 

Source: Woolfe 1989. 

present in root dry matter to sugars, mainly maltose. 
Clones vary greatly in sweetness, however, and some 
do not cidevelop weetness even on cooking, due to the 
absence, in freshly harvested roots, of -amylase 
(Kumagai et al. 1990). Such lines hold out a promise of 
popularizing the sweetpotato as a bland tasting staple or 
snack food rivaling the potato (solanum tuberosur)in 
humid tropical areas where it is well adapted but where 
the potato does not thrive. 

Some people, especially in certain countries of Asia 

(e.g., Philippines, Taiwan) and Africa (e.g., Liberia, 
Mozambique, Sierra Leone, and Zaire), eat the green 
tops as well as the root. The tops (part of the above 
ground prostrate vine), usually the tender leaf tips, 
younger leaves, or leaf petioles, are eaten as avegetable 
or salad green. Thus, sweetpotato yields two useful 
forms of food from the same plant, and can be eaten as 
a staple or vegetable food, a spinach or salad green, a 
sweet dessert, a variety of convenience processed 
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products, a fast food (french fries), a snack (chips), a 
multi-purpose flour, an alcoholic or non-alcoholic 
drink, a starch, and can be used as an animal feed or a 
basic industrial raw material. It therefore has tremen-
dous p: tential as a local resource which can be used in 
preference to imported crops and products thus enhanc-
ing self-sufficiency and savings on foreign exchange. 
Per unit area, it can provide a larger number of people 
with energy and certain nutrients than many other major 
crops (Table 4). 

Both roots and vines form an indirect food for 
humans by utilization as an animal feedstuff, especially 
for pigs, in China and elsewhere. In the Caficte Valley 
of Peru, for example, an efficient production and 
marketing system has provided not only roots for humanconsumption, but has also enabled the establishment of 

dairy farming, which thrives in an area devoid of natural 
pasture land, by use of the vines for feeding purposes. 

In some countries, for example China, the sweet-
potato is also an industrial material forming the basis of 
starch and alcohol indus;tries (for both food and phar-
maceutical purposes) which relies on hundreds of in-
dividual small farmers who slice the roots up into chips 
which are spread out to dry in the sun before being 
conveyed to a large factory for processing. Many 
Chinese sweetpotato farmers also process the roots into 
starch and starch noodles on a home or village scale 
(Table 5). This provides a storable source of food energy 
for use throughout the year. Systems that are success-
fully utilizing sweetpotato as a local food resource with 
potential beyond that of fresh root consumption could 

be studied by African countries and adapted to their own 
cultural patterns. 

Nutritional Value 

Apart from the advantages mentioned above in relation 
to its efficiency as a food crop, the sweetpotato has 
nutritional qualities which more thanjustify the incrcas
ing research efforts being Jvoted to its improvement 
and promotion as a food. Its sensory versatility and the 

variety of forms into which it can be processed mean 
that its composition should be compared not only with 
other starchy foods such at roots, tubers, and plantains,
but also with awide variety of vegetablesand even with 
fruits. Malnutrition, in its various forms is widespread
inthe world today. Dietary deficiencies in terms of both 
quali ng manyAr ill Thepf ong

qualind qu ant Arilan tesT 
sweetpotato is well fitted to form part of any campaign 
to promote thorough food self-sufficiency. 

In Tables 6-10 inclusive, the energy and major 
nutritient contents of sweetpotato roes are compared 
with those of other basic staples, vegetables, and fruits,
respectively. The values given in the tables should be 
taken as guides only; nutrient contents vary consider
ably with such factors as cultivar, climate, soil, and 
postharvest treatments, as in the case ofother crops. The 
van ation in nutrient content in sweetpotato has been 
described in considerable detail elsewhere (Woolfe 
1992). Sweetpotato is a moderately good energy source 
either cooked or as flour (Table 6). In contrast to what 
is usually thought of as the rather poor energy value of 

Table 4. Estimated number of people which one hectare can support per day in terms of major nutrients. 

Crop Energy Protein Vitamin A Vitamin C Iron 

Sweetpotato roots 
(6 t/ha) 20 20 0- 1,856 387 30 
(30 t/ha) 02 92 0- 8,565 1,786 138 

Leaves (13 t/ha) 23 93 542 1,444 325 

Roots and leaves 63 63 542 - 4.532 2,276 390 
(14 t/ha + 13 t/ha) 

Cassava 13 7 0 264 29 
Beans 6 27 0 0 38 
Rice 14 3! 0 0 14 

Source. Woolfe 1989. 
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Table 5. Sweetpotato processing units in Sichuan, China 1989. 

Number 
of plants 

Processing capacity/ 
fresh roots per year 

per plant 
(000 t) 

Final 
product 

Total output 
per year 

(000 t) 

17 0.3-15 Starch 93 

> 200 0.1-0.3 Noodle & starch 67 

> 2000 
(village scale) 
Less than 0.I Mainly noodle > 100 
(family scale) 

Source: Wiersema et a. 1989. 

roots and tubers, it has asimilar energy value to foods 
such as rice and beans when these are cooked. It is a 
source of fiber (Table 7), containing both insoluble fiber 
which helps to prevent constipation, and soluble fiber 
which appears to play afavorable role in reducing blood 
cholesterol levels. Although the protein content is on 
average 1.5% of the fresh root weight, it varies widely, 
A range from 0.46 to 2.93% of fresh weight was found 
among South Pacific lines (Bradbury and Holloway 
1988). Baked or as aflour, sweetpotato roots are amore 
concentrated source of protein than when boiled. 
Protein quality is good, and better than that of either 
naize or beans with which it is complementary. Whi!e 

capable of satisfying asignificant part of the energy and 
protein needs of an adult if eaten in large quantities, 
sweetpotato requires supplementation with more ener-
gy dense and protein-richer food mor small children 
whose appetites and capacities are limited. However, its 
satisfactory content of many essential vitamins and 
mineral (Tables 8-10 inclusive) makes it an attractive 
proposition as part of the diet for all age groups. Sweet-
potato contains significant quantities of the antioxidant 

nutrients B-carotene, vitamin C, and vitamin E which 
can quench singlet oxygen and inhibit the formation of 
free radicals which may be implicated in the develop
ment of coronary heart disease and cancer. These 
chronic diseases now increasingly affect aifluent sec
tions of society in developing as well P-s developed 
countries (WHO 1990). Research isconti uing into the 
possible importance of the antioxidant nutrients in corn
bating various nutritional diseases. If this is confirmed, 
foods such as sweetpotato may gain ahigher nutritional 
profile a , a result. 

Sweetpotatoes are a valuable item to include in 
backyards or home gardens in developing countries as 
they are a source of nutrients that do not have to be 
purchased, and can significantly improve the nutritional 
value of family meals. As sweetpotato isadapted to the 
hot, humid tropics, it is easier to grow than many 
introduced western vegetables. Sweetpolato vines are 
more tolerant to extremes of climate than many other 
green leafy vegetables. The tops can be harvested con
tinuously over anumber of weeks in contrast to many 

Table 6. Proximate composition of sweetpotato roots cooked or as flour (per 100 g). 

Energy Protein Fat Carbohydrate Dietary fiber 
(Kcal) (g) (g) (g) (g) 

Boiled 114 1.7 0.4 26.3 2.4 
aBaked 141 2.1 0.5 32.5 3.3

Flour 336 2.4 0.7 79.2 nd 

Source. Woolfe 1992. 
"Holland et al. 1991. 
nd: not determined. 
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commercially grown vegetables. Table II shows the 
valuable quantities of protein and riboflavin (vitamin 
B2 ) in sweetpotato leaf tips compared to other 
vegetables. Riboflavin is another vitamin which is often 
deficient in rice-based diets. A recent experimental in-
troduction of pot- or plastic bag-grown sweetpotato 
greens to urban slum dwellers in the Philippines (Vi-
llamavor 1991) holds out the promise of increasing 
vegetable consumption even among the poorest sec-
tions of an urban society who have the minimum of 
conditions necessary to cultivate their own food. Where 
acceptable to the growers, the pots or bags can be 
fertilized with human urine. Approximately 56 g of 
leaves can be harvestedperpotevery 10-15 days. There-
fore if a family has 10 pots they can harvest 50 g every 
few days or so. Such a quantity of leaves can contribute 
to the protein, vitamins A.B.C2 , iron, and calcium needs 
of the family, 

Table 7. 	Energy and protein in cooked plant foods 

(per 1N g edible portion). 


Moisturg E Pneeds 
(%) (Kcal) (g) 

Sweetpotato 

Roots (boiled) 71 115 1.5 

Roots (baked, 64 141 2.1 


Cassava 
(boiledY ' 69 130 0.5 


Yam (boiled)a 67 114 1.5 

Taro (boiled)" 73 91 1.2 


Rice (boiled, 
white) 68 135 2.3 

Maize(porridge) 81 76 1.8 
Wheat (bread) 33 278 8.7 
Beans (boiled) 69 118 7.8 

Source. Woolfe 1992. 
"Holland 	et al. 1991. 

An outstanding characteristic of sweetpotato leaves 
and the flesh of deep yellow or orange clones is their 
content of B-carotene which is converted to vitamin A 
in the body. Vitamin A deficiency, le':ding to eye 
problems of varying degr-.es of severity and tesulting 
sometimes in complete blindness, is still aserious prob-
lem rrt-, children in about 40 countries.em.... cdThe Lack of 
vitamin A decreases resistance to infections and in-
creases mortality in the youig. The WHO (1976 and 
1982) have pointed out that vitamin Adeficiency is still 
prevalent in parts of Africa and may be more serious in 

some regions than others within a particular country, or 
at certain seasons of the year than at others. In recogniz
ing the continuation of this widespread problem, the 
Intemational Vitamin A Consultative Group, meeting in 
1989, stressed the need to improve diets and raise the 
level of 	vitamin A nutrition wherever in the world 
current intake is inadequate. Vitamin A as retinol occurs 
only in animal foods which are eaten infrequently, if at 
all, by many poor people. Green leafy vegetables and 
some fruits are rich sources of B-carotene. However, 
some leafy vegetables may not survive unfavorable 
climatic conditions and fruits may be seasonal or expen
sive. In some countries, sweetpotato leaves ire almost 
the only 	vegetable still on sale in the market after an 
event such as a typhoon or severe flood. Their other 
advantages were mentioned above. Sweetpotato roots 
are the only starchy staple which contains appreciable 
quantities of B-carotene. Regular intakes of about 100 g 
per day of deep yellow- or orange-fleshed roots having
moderate 	concentrations of B-carotene (for example, 3 
mg/100g 	fwb), or of green tops, or a mixture of the two 
in various proportions, would more than cover the dailyof most small children as long as their diets also 
contain a modest amount of fat (which is needed for 

adequate absorption of the vitamin). Unfortunately it is 
a sad fact that vitamin A deficiency is common in some 
environments where sweetpotato leaves are readily 
available but not consumed. Yellow- or orange-fleshed 
roots are rejected by adults in many developing 
countries, including those of Africa, in favor of white
or cream-fleshed type:s. This may be because the orange 
roots are also those with !he sweetest taste and most 
syrupy texture on cooking or because of the "carroty" 
flavor. The reason for local prejudices should be inves
tigated as a means to seek ways of overcoming resis
tance to consumption. Meanwhile, it would seem 
unlikely that adult prejudices extend to yoting children 
who might actually prefer the sweet, soft orange roots 
if given the chance. Watson (1988) found that farmers 
she interviewed in one part of Indonesia certainly noted 
this preference in their children who ate more sweet
potato than they did. They therefore planted orange 
roots for their children to eat. Although this adoption of 
the idea of children's foods is difficult in many African 
countries, where achild is simply given part of the food 
from the family pot, carotene-rich cultivars could be 
promoted by extension workers for use as a childrens' 
snack or fillers. 

contributions of sweetpotato roots and leaves 
to the recommended daily intakes of selected nutrients 
for adults are shown in Table 12. As recommended daily 
intakes are set at levels which ensure that the needs of 
all but a very small proportion of a population are met 
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Table 8. Selected vitamins and iron in cooked sweetpotato roots and other staple foods (mg per 10) g).0 

Staple B-Carotene Thiamin Vitamin C Iron 

Sweetpotato (boiled)a 3.96"1 0.09 17 0.7 
Cassava (boiled) tr 0.04 17 0.5 
Tart (boiled) 0.03 0.05 7 0.8 
Yarn (boiled) tr 0.14 4 0.4 
Plantain, green (boiled) 0.345 0.04 12 0.6 
Bread. white 0 0.09 0 1.3 
Rice, white (boiled) 0 0.02 0 0.3 
Beans 0 0. 11 0 2.4 

Source: Data on bread, rice and beans (Holland et at. 1991); all other data (Woolfe 1992).
"Sweetpotato roots also contain significant amounts of riboflavin (B2), niacin, pantothenic acid, pyridoxine (B6), folic 
acid, calcium and phosphorus.

bOrange-fleshed lines. Values for lines of all flesh colors range from 0 to about 20 mg/100 g (Woolfe 1992). 

Table 9. Selected vitamins and iron in sweetpotato roots and other vegetables (mg per 100 g raw). 

Vegetable B-Carotene Thiamin Vitamin C Vitamin E Iron 

a
Sweetpotato 1.8- 16 0.10 23 4.56 0.7 
Carrots 4 - 11 0.06 6 0.56 0.6 
Onions 0.0 0.03 10 0.31 0.3 
Tormatoes 0.6 0.06 20 1.22 0.4 
Okra 0.09 0.10 25 nd 1.0 
Pepper (green) 0.27 0.01 120 0.80 0.4 

Source: D,:ta from Woolfe (1992) except information on pepper,f-carotenefo-sweetpotatoand carrots, and Vitamin E 
(Holandet at. 1991). 

"Orange-fleshed lines. 
nd: not determined. 

Table 10. Composition of sweetpotato roots and selected fruits (mg per 100 g). 

Fruit/Rnot B-carotene Thiamin Vitamin C Vitamin E 

aSweetpotato (fresh)" 1.8- 162 0.09 24 4.56 
(sweet sour, dried) 7.8 nd 7 nd 

Apricots (fresh) 1.0- 2.4 0.04 7 nd 
(semi-dried) 0.55 tr I nd 

Mangos (fresh, ripe) 0.35- 13.0 0.03 37 1.05 
(canned) 1.47 0.02 10 0.64 

Oranges (flesh only) 0.03 0.11 54 0.24 
Pawpaw (fresh) 0.2- 1.5 0.03 52 nd 

Sou rce: Data from Woolfe (1992) except f-carotene and Vitamin Efor sweetpotato; information in semi-dried apricots, 
canned inantos,oranges.from Holland el al. (1991); and data on sveet sour, dried sweetpotatofromn Truong (1989). 

"Orange-fleshed lines. 
nd: not determined. 
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Table 11. Protein and selected vitamins and minerals in sweetpotato leaves and other leafy and non-leafy 
vegetables (mg per 100 g). 

Vegetable Protein B-Carotene Riboflavin Vitamin C Iron Calcium
 
(Vitamin B2)
 

Tropical leafy
 
Sweetpotato 2.9 2.7 0.35 55 1.8 


(2.3 - 7.0) (0.29 - 0.41) (32 -136) 
Amaranth 2.8 6.5 0.22 23 2.8 176
 
Taro 3.3 5.5 0.34 63 0.95 96
 

Tropical non-lefy 
Okra 2.8 0.09 0.10 25 1.0 70
 
Cho cho 0.7 0.05 0.03 15 0.4 16
 

Temperate 
Cabbage 1.7 0.39 0.02 49 0.7 52
 
Carrot 0.7 4-I I 0.01 6 0.6 48
 
Lettuce 1.0 0.36 0.08 15 0.9 23
 
Tomatoes 0.9 0.04 01.01 20 0.4 13
 

Source: 	Data from Woolfe (1992), exceptfor cho cho, cabbage and fl-caroteneand Riboflavin for carrot and tomatoes, 
taken rom Holland et al. (1991). 

they are above what many people actually need. There- encourage the preparation of a range of tasty and 
fore sweetpotato may make greater contributions to nutritious dishes. 
individuals needs than shown, depending on the nutrient 
content of a particular sample. Processing 

The high nutritional value of sweetpotato could be 
used as a valuable tool for improving its popularity and At present a significant proportion of the sweetpotato 
encouraging renewed utilization. Promotion of sweet- crop is devote to processing in only a few countries, 
potato should start with the young, for example by most notably China and Japan. Processing holds a key 
encouraging its cultivation in school gardens or farms, role in the preservation of a very perishable commodity 
and featuring it in home economics classes, in order to with (in some areas) a highly seasonal production lead-

Table 12. Percentage of adult irecomended daily intakes of selected nutrients provided by 100 g of cooked 
sweetpotatos roots or 85 g of cooked sweetpotato leaves. 

Vitamin A Thiamin Riboflavin Vitamin C Iron Calcium 

RQs 
Male 0 - more than 4 8 60 2-7 4-5 

100
 
Female 0 - more than 6 11 60 I -4 4-5 

100
 

Male 40 5 13 30 7-20 26-33 
Female 50 7 18 30 0- 10 26-33 

Source: 	Woolfe 1992. 
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ing to gluts, dearths, and strong price fluctuations. How-
ever, it also promises to transform sweetpotato into 
forms which offer diversity, nutritional value and con-
venience, thus widening its appeal to consumers from 
different strata of society. especially in countries when 
the fresh items have a poor image. Moreover, "fruitv" 
processed products made from deep yellow- or orange-
fleshed roots may stand a better chance of success with 
consumers than the fresh form in regions where adults 
prefer white-fleshed roots or where there is a cultural 
resistance to eating the green tops. 

Sweetpotato roots can be processed into an ex-
tremely wide variety of products ranging from starch 
and alcohol and multiple derivatives of these two items 
(for example, citric acid, sugar syrups, monosodium 
ulutanate) to snack foods, candies, soy sauce, and even 
a food coloring agent (either 13-carotene from orange-
fleshed roots or the anthocyanin pigments extracted 
from deep purple roots). Leaves could be canned or 
dried and petioles pickled. The many and varied forms 
of products potentially ;.ailablc from sweetpotato have 
been exhaustively reviewed elsewhere (Woolfe 1992) 
and only a few examples will be given here. The sweet-
potato, by the nature of its myriad root characteristics, 
lends itself to processing into desserts as well as savory 
items. One v.-ry practical use is its direct incorporation 
into bread. The commercial production of bread in 
which grated raw sweetpotato roots replace about 30% 
of wheat flour began in Peru (see Woolfe 1992). This 
was followed by research into a similar type of produc-
tion in Burundi in 1990, which resulted in the adoption 
,fthe process by a suburban bakery, and in Cameroon 
in 1991. Preliminary trias in Cameroon indicate that 
producing sweetpotato bread provides a better income 
for the bakery and a lower price for consumers (CIP 
1992). The possibility of utilizing sweetpotato-wheat 
composite flours for making bread and other baked 
goods has also been investigated in Ghana (Bortey 
1982; Osei-Opare 1987). This process, if adapted on a 
larger scale in these countries and elsewhere in Africa, 
could be a valuable means of conserving foreign ex-
change at pre::"-! spent on importation of wheat from 
abroad. The nutritional value of the bread can be im-
proved by using orange-fleshed sweetpotato as the par-
tidlwheat substitute. Such a bread can be eaten by 
school children or other vulnerable groups. Pureed or 
mashed sweetened roots can be used as an inexpensive 
stuffing for cakes and pastries. In the Philippines, re-
searchers have focused on converting orange-fleshed 
roots into fruity products. These include a dried sweet 
and our sweetpotato, which can be eaten in the same 
way as dried apricots, peaches, or mangos (and has a 

similar nutritional value - see Table 9). Catsup,jam, and 
a nutritious non-alcoholic beverage have also been 
prepared (Truong 1989; Truong and Fementira 1990). 
In Taiwan, zpaghetti-type noodles have been made by 
replacing a percentage of the wheat flour with white or 
oiange fleshed cultivars or by incorporating sweet
potato leaves in the same way that spinach is added to 
pasta in Europe (Woolfe 1992). Orange or purple
fleshed sweetpotato has been added to ice cream in 
Japan (Woolfe 1992) and to yogurt in the USA (Johnson 
et al. 1991 ). At an international conference on sweet
potato held at Tuskegee University, USA in 1991, an 
entire lunch for all the delegates was prepared from 
sweetpotato dishes and an attractive display of 
processed products (chiefly from small enterprises) 
from around the world was arranged. Researchers in the 

IUSA have recently devised a snack chip from yellow
orange sweetpotatoes ,,-'ch contains 4.8% protein, 
1.6% fiber, 70% carbo, 1ydrate, and 80% of the adult 
daily requirement for vitamin A (Anon. 1993). 

Processing does not have to be sophisticated. The 
example of the hundreds of small farmers in China who 
process sweetpotato into starch and starch products on 
a home or village level has already been mentioned. 
Such processing could well be adopted elsewhere. Ex
perimental production of flour and starch using tech
nologies which could be adapted for small-scale 
industries and farmers has been carried out in Nigeria 
(Ukpabiand Ene 1991).Aseriesoftoolsandequipment, 
for producing and drying root chips or cubes, that is 
suitable for use by small-scale rural industries has beer 
developed in the Philippines (Truong and Guarte 1985). 
Pedal-operated peeling and slicing of roots is followed 
by blanching and then drying in equipment heated by 
buring wastes such as coconut husks. 

However, if processed products are to contribute to 
the nutritional well-being of consumers, care has to be 
taken to limit the destruction of nutrients during 
processing. Drying of sweetpotato leaves could provide 
a dry season stock of vegetables, but is of little value if 
essential vitamins are lost. Solar drying by exposing 
sweetpotato leaves to direct sunlight destroys most of 
the ascorbic acid and B-carotene. Research carried out 
in Africa showed that the retention of carotene, but not 
ascorbic acid, was improved by enclosing the solar drier 
and providing shade (Maeda and Salunkhe 1981 and see 
Table 13). More investigations of this kind are needed 
to overcome the problems of food preservation on a 
small scale. (The estimated contributions which some 
processed products make to daily nutrient needs are 
shown in Table 14). 
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Table 13. Carotene and Vitamin C in fresh and dried sweetpotato leaves. 

Treatment Carotene Retention Vitamin C Retention 
(mg/100g ) (%) (mg/10Og) (%) 

Fresh leaves 
Dried leaves" 

Enclosed solar drier 
(with shade) 
Enclosed solar drier 
(without shade) 
Open sunlight 

Source: Maeda and Salunkhe (1981).
(Blanched before drying. 

49.6 100.0 1,374.0 100.0 

16.9 34.1 22.5 1.6 

5.2 u.a 19.0 1.4 
2.1 4.2 30.7 2.2 

Table 14. Contribution (%) of 100 gof processed sweetpotato to the adult (male) recommended daily 
amounts of various nutrients. 

Protein Vitamin A Thiamin 

RDA 37g 600 mg 1.2 mg 

Flour 10 0 - >100 20 

Flakes dry 10 0 - >100 5 

prepared 3 0 - >100 2 


Steamed,
 
sliced,
 
dried 10 0 - >100 20 


Candied 20 - >100 2 


Dried
 
"fruit-like"
 
product 3 >100 nd 


Source: Calculatedfrom data in Woolfe 1992. 

The very special food attributes of sweetpotato 
should prove an incentive to researchers in many 
countries to overcome agronomic, culinary and socio-
economic problems so that sweetpotato can achieve its 
potential to contribute variety and nutrition to diets 
world-wide. 
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Product Development for Sweetpotato in Rwanda
 

David G. Tardif-Douglin' 

Abstract 

Detailed analysis of current production, consumption, and marketing practices in Rwanda indicate that 
considerable potential for expanded utilization of the crop currently exists. Furthermore, given population 
growth and the shrinking agricultural frontier, Rwandese farm households need improved methods for 
reducing postharvest losses and generating value added from the crop that they harvest. This paper 
examines various alternatives for storage and processing for sweetpotatoes. The results indicate that 
innovations in these two fields are both technically feasible aid economically attractive. 

Key words: storage, processing, marketing, economics. 

Introduction 
Research into storage and processing techniques is 
probably the single most important contribution that can 
be made to the expansion of sweetpotato utilization in 
Rwanda because it can address the twin constraints of 
bulkiness (low unit value) and perishability that under-
lie many of the other postharvest problems. Research 
into storage could extend the advantages offered by 
storage to the marketing chain, and could provide farm-
ers with alternatives to the in-ground storage they al
ready practice. Processing has the greatest potential for 
developing the market, by virtue of its likely effects on 
bulkiness and perishability. 

Storage 

There isno long-or even intermediary-term posthar-
vest storage of sweetpotatoes in Rwanda. Some very-
short-term storage, genierally overnight warehousing, is 
done by retailers, and was the only kind we encountered 
during our field work. Otherwise, what storage there is 
occurs in the field as part of attempts by farmers to 
ensure continuous food supplies, 

In-Ground Storage 
The only kind of storage regularly practiced in Rwanda 
is in-ground storage, by which farmers keep unhar
vested, mature sweetpotatoes in the field until they are 
needed for consumption or sale. By planting the first 
hillside crop between September and January, the sec
ond crop between March and May, and the bottomland 
crop between April and July, and engaging in in-ground 
storage, they can be sure of year-round availability. 

Sweetpotatoes mature after four to six months, 
depending on the varieties and climatic conditions. 
After that, they can be left in the ground unharvested for 
as long as 12 months if conditions are ideal, e.g., well
drained soil and lack of pL..ts and disease vectors 
(Ndamage 1988). The normal duration of in-ground 
storage is three to four months after maturity (Preissler 
1986). 

In-ground storage is appealing primarily for its 
ability to provide farm households a constant supply of 
food. It also provides a continuous supply of planting 
material. In-ground storage is, to some extent, a by
product of the strategy of continuous planting and piece
meal harvesting. Piecemeal harvesting ;upplies the 
necessary cuttings for continuous planting, which in 

Agricultural Economist. Development Alternatives Inc. (DAI). C/o Division des Statistiques Agricoles, MINAGRI, B.P. 621 (Kacyiru). 
Kigali. Rwanda 
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turn provides the necessary outlet for cuttings. If har-
vesting were done all at once, a large field would be 
needed to accommodate the cuttings. 

In spite of its benefits, in-ground storage has costs 
and limitations. After matu'ration a number ofproblems 
begin to appear in tubers that are left inthe ground. The 
most important are (De Lannoy 1988): 

a 	Diseases, which are especially problematic it, wet 
and poorly drained soils; 

0 Pest infestations (weevils, termites, nematodes, and 
rdents), which can become very heavy and causelarge losses: 

* 	 Germination, which destroys their commercial value; 
and 

Cracking and increasing amounts of inedible fiber, 

Unfortunately, it is nct clear when these problems 
becomle ser6ous under Rwandan conditions, nor when 
they render in-griund storage impracticable. No esti-
mates have been made of their magnitude, so n 
estimates cal be made. 

The costs of in-ground storage are the costs of not 
I-hing ible to use the land for the next best alternative 
and the costs associated with the deterioration inquality, 
described abovc. 2 At the very least, one alternative 
would be fallow, or a short resting of the land for 
improved productivity later. This is an alternative that 
is always possible but riot always most profitable; it 
represents the minimum opportunity cost of in-ground 
storage, 

The opportunity cost depends on the alternative 
uses of the land, which depend on the type of field 
(tottomland or hillside), the season, and t-.e available 
technology. Rwandan agriculture is primarily rainfed; 
hillside fields xclusively so. Bottomland fields have 
drainage and .mited irrigation that enable them to be 
used in the dry seasons as well as during parts of the wet 
seaso., 

Land freed up from ,torage in hillside fields is most 
likely to be use,- -nly fr new crops of sweetpotatoes 
because farmers relegate the least fertile of their farm-

land to sweetpotatoes. Furthermore, because hillside 
agriculture is purely rainfed, planting and harvesting 
periods for more demanding alternative crops, such as 
sorghum and beans, are sharply defined. In the absence 
of irrigation, it is difficult for farmers to successfully 
plant beans or sorghum on hillsides outside of a fairly 
limited period at the beginning of the rainy season. 
Consequently, the most likely alternative to in-ground 
storage of sweetpotatoes is the establishment of a new 
crop of sweetpotatoes. 

Bottomland fields are more veisatile in types of 
crop as well as timing of planting. Their greatest limitation is fnoiding, which is most problematic at th.height of the long rains. Other than sweetpotatoes, the 

crops most often planted on bottomland fields are beans 
and sorghum, which are generally considered preferred 
crops. Beans are planted in the bottomland at the onset 
of the dry season at about the same time sweetpotatoes 
are planted. When sorghum is cultivated in the 

bottomlands, it is planted in the same months (Septem
ber through October) that the bottomland crop of 
sweetpotatoes is being harve-:ed and, in some cases, 
stored in the ground. Early harvesting of sweetpotatoes 
could free up land for a larger sorghum crop and for 
earlier planting; it could also enable a;-other crop of 
sweetpotatoes to be planted. 

Opportunity costs will differ, depending on which 
cropcould be planted. Computations presented inTable I 
suggest the opportunity cost is greater when 
sweetpotato cultivation is an alternative to in-ground 
storage. The opportunity cost of using 2.5 ares of land 

for in-ground storage for two months when sweetpotato
cultivation isan alternative is a little over twice as much 
as it would be when sorghum is the sole alternative. 
This isbecause two months represents a laiger propor
tion of time to maturity for sweetpotato, and conse
quently the expected value at maturity is multiplied by 
a larger fraction, and because sweetpotato has higher 
yields. 

th csts o losses rom iee ad aoti e 
to quantify, no enquiries having been made about the 
magnitude of such losses in Rwanda. What isknown is 
that they become greater the longer tubers are kept in 
the ground. Not including losses, the opportunity cost 
of leaving a2.5 are field of sweetpotatoes unharvested 

2There are also the costs of losses associated with iri-ect infestation and the other problems listed above, which become progressively 
worse the longer tubers are left inthe ground. 
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Table 1. Components of opportunity cost of asing 2.5 ares f. r two months of in-ground storage of 
sweetpotatoes under two crop alternatives in Rwanda. 

Two month 
Value at share of 

Alternative Yield a Price harvest Months to Percent expected valuec 
Crops Field (kg) (franc/kg) (francs) mature maturityb (francs) 

Sweetpotato Hillside & 200 9 1,800 5 40 720 
bottomland 

Sorghum Bottomland 30 27 810 6 33 270 

Source: Tardif Douglin 1991. 
"based on per hectare yields of 8,000 kg and 1,200 kg for sweetpotato and sorghum, respectively.
1'Number of months required for crop maturation, divided by two months of in-ground storage. 
"Expected harvest value, kilogram yield multiplied by price/kg, multiplied by percent maturity (two months in-ground stor

age divided by months to mature) gives the expected two month share of harvested value. 

for two months after maturity is probably 270-700 
francs in the expected value of alternative crops. 

Alternative Methods of Storage 

There are two broad categories of alternative methods 
of storage that might be considered and provided as 
options for farmers and other intermediaries. One is the 
storage of tubers that are essentially fresh and unpro-
cessed aside from a procedure called curing. The other 
entails processing tubers into forms that are less perish-
able (dehydration, canning, and so forth). Systems of 
fresh tuber storage are considered in this section, pro
cessing in to,, subsequent section. 

Curing in preparation for storage. Curing is an es-
sential first step in any but the shortest-term fresh tuber 
storage systems, and a limited amount occurs naturally 
immediately at harvest. Under controlled temperature 
and humidity conditions, the naturally occurring latex 
in the sweetpotato is secreted to form. a protective cov-
ering over any wounds to the tuber, hardening the skin 
in the process and making it more resistant to damage 
(Winaro 1982). 

Although curing is done in developed ccantries as 
a matter of course, it usually involves relatively capital 

intensive procedures impracticable in Rwanda.3 It can 
be done simply. An Institutedes Sciences Agionomiques 
du Rwanda (ISAR) study suggests this approach: as 
soon as sweetpotatoes have been harvested, cleaned, 
and sorted, they should oe placed in crates or baskets, 
covered with plastic sheeting, and placed over contain
ers of water. By doing so the temperature (27 to 30"C) 
and relative humidity (85-90%) necessary for curing 
can be achieved (Ibid.). For optimal storage results, 
curing should be done for four to five days. The study 
also reviews alternative methods of storage. The two 
that seem most promising for Rwanda are underground 
silos and aerated mound silos (De Lannoy 1988). 

Underground storage. Underground storage, not to 
be confused with the in-ground storage strategies 
currently employed by producers, has the potential of 
conserving tubers for up to four months if conditions 
are ideal (undamaged tubers and proper temperature 
and relative humidity). Under normal conditions, tubers 
can be preserved for one to two months (Ibid.). To 
store 200 kilograms of sweetpotatoes, or the yield of 
2.5 ares, a pit one meter deep by 80 centimeters in 
diameter is dug and lined with a layer of straw. The 
pit is filled with tubers, alternating layers of tubers 
with layers of straw, and covered with a layer of dry 
leaves, 25 cm of earth, and more straw to ensure that the 
pit stays dry. 

Sweetpotatoes intended for the fresh tuber market are harvested, cleaned, and immediately placed in climate controlled (temperature 
and humidity) rooms for curing. After curing they are generally removed to storage rooms where they remain at cool temperatures 
until they are to be placed on the market. 
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InCameroon, selected undamaged (but, apparently 
uncured) tubers are first dried in the shade while a pit
lined with alayerof ash isprepared into which the tubers 
are to be placed. After filling the pit with alternating 
layers of tubers and ash, it issealed with alayer of straw 
and earth. Average losses from respiration, insect infes-
tation, and rotting have been found to be 30% after four 
months (Kwatia 1988). They would be less if tubers 
were first cured. Elsewhere, cured tubers have been 
found to lose about one-third the weight lost by uncured 
tubers during storage (Booth 1974). Similar systems 
are reported in Zimbabwe and Malawi (Ibid.). 

Mound storage (clamps). To create amound silo for 
the storage of the same amount of sweetpotatoes, a 0 
cm high mound of tubers is formed on a bed of straw 
1.2 m in diameter, and covered by a20cm layerof straw 
and a 15 cm laver of earth. A straw chimney is placed 
vertically in the middle of the mound to eliminate ex-
cessive buildup of heat. The chimney is covered with 
screening and an overturned earthen pot to keep rodents 
and rain out. For proper drainage atrench 30 cm deep 
is dug around the mound. Storage in mound silos 
substantially improves aeration over underground stor
ae, and isconsidered well suited to the highlands oftropical Africa, where the climate iscool. Mound silos 

can conserve tubers for 30-50 days (De Lannoy 1988). 

Both underground ,andmound storage technologies 
appear technically feasible for Rwandan producers. 
The placement of' underground silos would be more 
restricted than that for mound silos. It would be impera-
tive that soil conditions not be excessively wet, and that 
soils drain well, which would probably preclude placing 
silos ncar bttomcland fields. As long as agood drainage 
ditch is provided, mound silos could be placed anage 
where. For seCUrit, however, silos of either type w d 
probably be placed most frequently on the hillsides or 
hilltops where farmers have their compounds. 

It isalso extremely important that tubers be handled 
carefully and as little as possible. Any bruises or cuts 
from harvesting or through insect infestation will accel-
erate the rate at which tubers deteriorate. Furthermore, 
the optimum temperatures (between 13C and 16"C) at 
which sweelpotatoes should be stored tend to be lower 
than normal temperatures found in much of Rwanda's 
sweetpotato growing region.4 It isnot clear whether the 
necessary temperatures could easily and cheaply be 
achieved by either method, 

Cost Comparison 

The costs of in-ground storage and alternative 
methods are roughly equivalent. No previous attempts 
have been made to determine what the costs of fresh 
tuber storage would be. The author has estimated in
vestment or start-up costs for storage systems capable 
of handling 200 kilograms of sweetpotaioes to be 2,60() 
francs: 

2 large wooden crates @800 francs 1,600 f 
2 plastic basins @300 francs 600 f 
Plastic sheeting 200 f 
Straw 50 f 
Screening 100 f 
I Earthen pot @50 francs 50 f 
Total 2,600 f 

This is a large cash outlay thenoraverage farm 
household whose net annual cash income is 22,000 
francs (Rwanda 1988), and would be one of the first 
hurdles to be cleared, possibly through government
assistance. 

Th e etos associted it each ikg of sweetpotatoes are stored is 400 francs. This is
based on the assumption that crates, basins, and screen
ing could be used 1010 timest before replacement, that 

plastic sheeting could be used twice, and that the other 
equipment would have to be purchased every time asilo 
was prepared. Labor costs are harder to quantify. We 
have estimated the labor requirements for curing and 
storing 200 kg to be five man-days. Calculated at adaily 
rural wage rate of between 30 francs and 60 francs, labor 
Costs would be in the range of 150 to 300 francs. 
Together, labor and equipment costs would be between 
-550and 700 francs. The costs in francs of in-ground
and alternative methods of storage are roughly equivalent: 

In-Ground Alternative 
methods 

Value of forgone Equipment 400 
production 150-300 

(sweetpotato) 700 Labor 550-7(4 

This also assumes, in the absence of data to the 
contrary, that storage losses are equivalent. It is most 
likely, however, that losses from alternative methods 

4Temperawres in the Centrai Plateau average between 18"C at the higher elevations and 22'C at lower elevations. 
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would be larger, especially during a learning period. Al-
temative methods also carry relatively large start-up costs. 

Risk of losses is the most likely impediment to 
adoption of alternative methods of storage, or to the 
replacement of in-ground storage by them. 5 It is up to 
re:earch and extension services to develop simple, low-
loss methods and to establisn the probability of losses, 
It appears, nonetheless, that sweetpotato storage at the 
farm level isat a threshold. Rapid population growth is 
creating pressures for greater intensification. As farm-
ing intensifies, and with it changes occur in agricultural 
technology such as irrigation and adoption of early 
maturin. varieties, the opportunity cost of in-ground 
storage is likely to increase an I before long exceed the 
cost of alternative methods. In'preparation for that time, 
research should '1-e ready with well-tested alternatives 
well-suited to Rwandan conditions. 

Processing 
Fresh tuber storage addresses only the perishability 
problem, and even that in only a limited way; it is 
unlikely that tubers could be stored longer than three or 
jour months. Storage would have little effect on the cost 
of transportation. An answer to both bulkiness and 

perishability problems is processing-making new, 
higher-value products that are less bulky and easier to 
handle and transport. The kinds of processing wc em-
pha:;ize are those that also have a relatively simple 
storage component to them like chipping and milling as 
well as those that are likely to produce foods that will 
be accepted in the urban and possibly the rural diet. 

Acceptability and uses 

The success cassava flour has had in the urban areas of 
Rwanda, particularly Kigali, suggests sweetpotato flour 
or meal might have similar acceptability, because it can 
be used in similar ways. Using flour to make afoufou 

or ugali is accepted in the urban diet. Cassava flour is 
a relatively new product in Rwanda. Cassava was in-
troduced, or at least promoted and widely expanded, as 
a famine crop by the Belgian administration, but has 
begun to gain importance as a food, especially recently 

in the cities. Production and consumption have grown 
faster than that for any other crop in large part because 
of the advantages cassava fncur affords to the marketing
chain and ultimately the urban consumer. 

Nine out of 10 urban households eat cassava flour, 
nearly all of which is purchased (Rwanda 1985). The 
average annual value of household consumption of 
cassava is 5,500 francs, of which flour represents two
thirds. Unfortunately, the study does not yet have fig
ures on actual household consumption, nor on prices 
used in the estimate. Rural households consume 
roughly 200 kg of cassava flour :!nnually. Having 
smaller households, but higher propensities to consume 
cassava flour, urban households probably consume as 
much if not more than their rural counterparts. 

Dried sweetpotato chips could be reconstituted, 
boiled, and eaten that way, or they could be pounded or 
milled into a kind offoulou, to be eaten with beans and 
sauce, much as isdone with cassava flour. There are 
other uses to which sA cetpotato flour could economi
cally and acceptably be put. It could find use, mixed 
with othe.r flours, as an ingredient in the simple mar
ket pastries, doughnuts, and muffins that arc becom
ing more and more important in urban and rural 
markets. 6 

Sweetpotato flour might also have commercial po
tential as alow-cost extender in bread making, much as 
manioc flou- has been used periodically elsewhere in 
Africa. Whon sweetpotato is used, the optimal mix for 
bread making is 20% sweetpotato flour to 80% wheat 
flour. For bakery, products for which gluten is less 
important, an even greater amount of sweetpotato flour 
could probably be used. Even with a 50% marketing 
margin, sweetpotato flour could undersell wheat flour,
which is piced at 100 francs/kg at retail. 

Type and Organization of
Processing 

There isno traditionofsweetpotatoprocessing inRwanda. 
Elsewhere where sweetpotato has some importance in 
the diet, numerous methods of processing are reported. 
In Papua New Guinea, for example, a relatively capital 

It. for example. 3(1c of a 20M kg silo is lost. it will cost the farmer more than 5MXfrancs in lost value. 
6 In most markets there is a section where doughnuts and other simple bakery products are made and sold. Wheat flour is rarely the 

only. or even the primary, flour in these products. Flours from sources as different as peanut, pea. and sorghum are often used. A 
doughnut maker to whom we gave some sweetpotato flour claimed not to have had any problem selling doughnuts made with some 
sweetpotato flour. 
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intensive technique is employed to make a gari-like 
product, called kaukau rice, out of sweetpotatoes, which 
is stored, cooked, and eaten much like rice (Moy and 
Chi 1982). In India, sweetpotato flour is reportedly 
often used in bakery products, and can be 25% of a 
wheat- sweetpotato flour mix in bread making (Hrishi 
and Balagopal 1979). In Cameroon, sweetpotato flour 
is made for the preparation of cakes and other bakery 
products. Tubers are washed, grated, and dried, then 
pounded into a flour "or use in a variety of cake-like 
products (Kwatia 1988). The ancient Maori of New 
Zealand developed kao, a product from cooked roots, as 
a storable product, and in South China farmers make a 
similar product, as well as storable formns of flour, 
saou-like granules (a gari-like product), and dried 
flakes (Yen 1982). In Nvanza in Kenya and in Western 
Tanzania tubers are peeled, sliced, dried, and then 
ground into a l,ur wth sorghum or maize for making 
ugalior uji (Jana 1982). In Tanzania, tubers are boiled, 
sliced, dried, and stored as dried chips (Kwatia 1988. 

Cassava's example. The evolution of cassava process-
ing in West ,.frica is instructive. Fresh cassava ishighly 
perishable, and begins to show distinct signs of spoilage 
within two days of harvest. Consequently. when produc-
ers have desired to market or store surplus production 
(hey have had to resort to sonic form of processing, 
Theic are two basic types of processing in Africa, the 

production of ,ari or farinhade nmandioca, which is a 
cassava meal made from grated, extruded roots, and the 
production oI kokonte, flour made from dried roots. It 
is only in West Africa that both svstems are used, and it 
is of interest to sweetpotato processing that where both 
products are made, flour, which ischeaper to produce 
and lower in market value, was the first to gain accep-
tance (Jones 19591. In East and Central Africa the 
predominant form of processing remains the production

nthen pounding
the dried roots into pefine dlour, 


The two procedure, ;ire distinct in the final product 
and in the ways they are consumed, garibeing eaten like 
rice, cassava .,our being made into a variety of dough-
like products like fififou or ugali, to be dipped in a sauce 
and eaten that way. The two procedures also have dif
ferent implications for the organization of production 
and marketing. 

Making cassava flour requires little equipment and 
relatively little ime, but results, nonetheless, in a prod-

uct that is highly storable and marketable. Farmers can 
easily peel, soak, and dry the roots with a minimum of 
equipment. There are probably no economies of size to 
make centralization of processing attractive. Market
ability is enhanced when farmers restrict themselves to 
producing and selling dried roots, flour being made at 
the point closest to the consumer. By so doing, costs of 
transportation and handling are substantially reduced. 

Gari,a rice-like product, requires much more labor 
and equipment. It is a high-cost product with relatively 
high market value (Kreamer 1986). Because it is more 
capitalized, there are likely to be economies of size that 
warrant centralized processing. Kreamer shows that 
gari-making is evolving towards a highly centralized 
system as modern, commercial gar processors contract 
with farmers to buy entire fields of cassava and ship the 
roots to their processing plants (Ibid.). 

In Central Africa, including Rwanda, cassava pro
cessing remains at the first and simplest stage, simple 

sun (Irving of peeled, split, sometimes soaked roots, 
destined exclusively for flour with 'vhich a foufou or 
ugali is prepared. There is reason for this. Farmers 
remain predominantly subsistence oriented, and this is 
the least cost way to render the roots storable. There is 
the additional influence, in Rwanda, of a dispersed 
settlement pattern that favors decentralization. These 
factors are likely to exert similar influences on the 
development of sweetpotato processing in Rwanda. 

Technical Feasibility 
The simplest, least cost approaches will be adopted first, 
The rs eeling,slicing sun-dying sweetp and 

with farmers peeling, slicing, and sun-drying sweet
potatoes, and flour being made by the retailer or the 
consumer. Like cassava processing, sweetpotato processing would initially be decentralized. Farmers would 

prepare dried sweetpotatoes--chipped or shredded,
which would be marketed in that form and made into
flour just before use. Making dried chips is feasible at 
the household level, which is where it would need to be 
done itthe full advantages of low weight and ease of 
transport were to be realized. 

Duaing our field work, we experimented with a 
rudimentary approach to chipping and sun drying hand 
peeling tubers, slicing them, drying them on mats in the 
sun for two days, then storing them in plastic bags or 
metal containers for several weeks.7 The largest quan

7For faster and more complete drying. nips could be placed above ground, on racks. 
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titv we dealt with at one time was the dried equivalent 
of 30 kilograms of fresh tubers. Drying ihe chips ade-
quately and keeping them dry was easy during dry 
weather, but proved more difficult in the wet season. 
When chips were insufficiently dried, they rapidly de-
veloped mold spores and spoiled! 

In..Jequate periods of sunshine during wet seasons 
might constitute a limitation to the most rudimentary 
drying techniques. It does so for cassava, which is 
scarcest and lowest in quality when the weather is 
vettest (October, November, March, and April). Farm-
ers should avoid drying their sweetpotatoes during these 
months; sweetpotato products being unlikely, for the 
foreseeable future, to have a high enough value to 
warrant more sophisticated methods and equipment that 
could moderate the problem of lack of sunshine. Once 
dried, however, if the chips can be kept in a dry space, 
storage should pose no problems regardless of the sea-
son. In Tanzania, dried chips are reportedly stored for 
as long as two years with no apparent deteriorm'ion 
(Kwatia 1988). 

Cost of Production 
Chips or sweetpotatocs dried in one of the other ways 

described above can be milled in mills designed to make 
For direct con

flour from maize, sorghum, or cassava. 


sumption in foufou, a rougher, les, expensive flour
 
could readily be made by pounding the chips in a mortar. 


In our experiment it took 30 kg of fresh tubers to 
make I I kg of flour, aconversion rate of 3to 1.1,which 
is similar to findings communicated to us by Joseph 
Mulindagabo, the principal technician responsible for 
extension work in root crops at ISAR. Elsewhere a 
conversion ratio of five to one was found (Taylor 1982). 
The amount of flour that could be made from fresh 
tubers would vary by variety as well as technique em-
ployed. We have assumed that the manual chipping and 
sun-drying used in our experimentation is technically 
inefficient, and that at higher volumes unit costs would 
decline' nevertheless, the per kilograms cost of produc-
ing I I kg of flour, including purchase of the raw prod-
uct, was 50 francs: 

Cost component Cost (kg) 
(francs/kg) 

Sweetpotato 239 
Labor (2man-hours) 25 
Milling (2f fee 2 
Total per kilogram cost 50 

This included purchasing tubers in the market; pay
ing hired labor to clean. peel, and slice the tubers, and 
paying a ril',ing fee. Farmers would probably -only 
peel, slice, and dry the tubers, leaving t:illing to inter
mediaries or the consumer. Their costs would be 
roughly half of ours: 

Cost component Cost (kg) 
(francs/kg) 

Sweetpotato 20 
Labor (2 man-hours) 8 
Total per kilogram cost 28 

The cost of tubers would be one franc lower per 
kilogram, since farmers would not have to carry the 

sweetpotatoes to market. Labor costs would be lower 
in part because own household labor would be used 
rather than hired labor, but also because farm wage rates 
are lower than urban rates (30-60 versus 100 francs),and finally, milling would be done elsewhere in the 

mers te n less, producersW old e o os s. 

Conclusions 

A principal advantage to the marketing chain of process
ing fresh sweetpotato into dried chips or flour would be 
the reduced importance of transport costs as a percent
age of the marketing margin. Bag-denominated trans
port fees would be smaller because more flour or dried 
chips than fresh tubers could be fit into one bag. The 
relative cost of transport would be less because the value 
of one bag would be greater. Similarly, the tax burden 
would decline. 

For the following estimates we have assumed dried 
chips, the form most likely to be transported from the 
farm gate to the consumer or to the retail market, would 

For best storage resutts, chips should be dried to below 15%, moisture. Above that they readily take up and retain water and spoil 
casily.
 

9 The market price of the quantity of fresh tubers required to make one kilogram of flour. This is very likely ahigh-cost scenario, since 
part of the market price of fresh tubers reflects producers' imputed cost of headload transportation to market. It would be more expensive 
to tran. ;.ort the fresh tuber equivalent of dried chips or flour than to transport the dried chips or flour themselves. Furthermore. it is 
expected that part of the processing. at least chipping and drying of chips, would be done on the farm. 
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cost 30 francs/kg at the supply market and 40 francs at margin available for transport fees would be larger, as 
the terminal market.10  much as 4 francs/kg. As a consequence, the market 

Chipped dried 
Fresh tubers tubers 

Sales price (francs/kg) 14 40 
Purchase price (francs/kg) 9 30 

Margin 5 10 

The 10-franc marketing margin isthe same percent-
age m argin as that in the cassava m arket. The expected 

sales value of one 110 kg bag would be 4,400 francs of 
which the per bag transport fee and the shipping tax 
would represent 3% and 2%, respectively. Drying be-
fore shipping would reduce shipping's share of the 
marketing margin. This does not even take into account 
the additional potential savings that would come from 
filling each bag more fully with chips than is possible 
with fresh tubers. 

Fresh tubers sell for approximately 14 francs per 
kilogram in Kigali and can be bought for 9 francs in 
Gitarama supply markets. The 5-franc/kg margin must 
cover transport fees, taxes, labor costs, and profits of 
merchants engaged in the long-distance trade. If one 
considers the transport margin as a residual, the amount 
available to pay for transport services after all other 
costs, and gross profit of 2 francs/kg are subtracted, one 
finds on average 1.3 francs/kg available for transport. 
According to data we collected from six markets, the 
transport fee is approximately 23 francs/tkm, which 
amounts to a per kilogram fee of 0.02 francs for each 
kilometer." The relatively low margin in the fresh 
tuber trade suggests bulk-shippers can travel 50-100 km 
to supply markets depending on the quality of the road. 
This contrasts with a potential market supply radius for 
cassava bulker-shippers (also assuming a 2 franc/kg 
gross profit margin) of more than 100 km. 

Were merchants to trade in dried sweetpotato chips 
costing approximately 30 francs/kg in supply markets 
and perhaps 40 francs in urban Kigali, the residual 

supply radius could increase to 200 km, more than 
double that for fresh tubers. Assuming similar rural 
prices for wholesale sweetpotatoes, the hypothetical 

market supply radius increases by 50 km as the part of 
the margin available to pay shipping fee increases by 
one franc: 12 

Amount available 

for shipping 
__ __ _ 

I 
2 
3 
4 
5 

10 


Market supply radius 

(kin) 
______ 

50 
100 
10 
200 
250 
500
 

With processing and improved storage options at 
all levels of the market, the sweetpotato could achieve 
a degree of marketability similar to that achieved re
markably quickly by cassava. The advantage would be 
that the production base for sweetpotatoes is larger and 
more evenly spread around the country; the income 
effect of increased demand would be spread more 
widely. Also, there is capacity for greater production 
through intensification. Were the market to develop, 
producers could meet product needs, thereby improving 
their incomes. It is conceivable that 20 years hence 
storage and processing will be regular features of the 
sweetpotato market. 
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Consumer Demand for Sweetpotatoes 
in Dar es Salaam, Tanzania 

Gabriel T Ndunguru1 

Abstract 

The demand for sweetpotatoes in Dar es Salaam is modest, but sustained. The availability of the crop 
in the region isseasonal covering only 6 months of the year. The type of sweetpotatoes consumers prefer 
are those from Bagamoyo and Gairo which are floury, moderately sweet with pale/yellow flesh. Retail 
prices of sweetpotatoes are quite high especially during Rarnadan month. In Dares Salaam, sweetpotatoes 
are neither stored nor processed. The crop i.,more often consumed in boiled form or asfutari. Leaves of 
sweetpotatoes are consumed by some people in the same way other vegetables are consumed. Similar 
studies should continue in order to position the product in various urban markets of the country. 

Key words: market segment, availability, preferences, prices, volumes. 

Introduction 
Sweetpotatoes (lpomoea batatas (L) Lam) traditionally 
have been produced in the subsistence sector in Tan-
zania, but the" are moving into the monetized sector. 
Th:s crop has always been regarded as a poor man'sfood in Dar es Salaam and other urban centers. In Dar 
esooalanmDswesptalaam and other rotcrps.shDases Salaam, sweetpotatoes and other root crops such as 

cassava appear in irge quantities in the markets during 
the months of Ramadin for 'futar:" (breaking the fast). 
While sweetpotato production in the region of Liar es 

t inSalaam declined from 45,600 t in 1988 to 13,771 

1990, the consumption of the crop has risen with the 
increasing number (over ',548) of street vendors (City 
Council 1991). This makes it an important market 
crop with a high potential for expansion. A rough es-
timate indicates that about 5% of th. vendors L'Thal in 
sweetptatoes. This isencouraging as sweetpitato con-
sumption is promoted and potentially, food security 
improved. 

However, knowledge on the consumption patterns 
of different ethnic groups is limited. A better under-
standing of demand would facilitate the formulation of 
strategies for the prodL'Ction and marketing of preferred 

cultivars; postharvest handling; and the possibility of 
promoting processed products in the city and other 
urban areas. This infonnation would also guide breeders 
to produce cultivars that would satisfy both producers' 
and consumers' needs. 

This study aims to establish the level of consumer 
awareness of the crop in the market; to find out who 
consumes the crop and with what frequency; to deter
mine how traders and consumers characterize it; and, to 
analyze price fluctuations in relation to quantities of the 
crop being marketed. 

Regional profile 

Location. The Region of Dar es Salaam lies in the 
Eastern part of Tanzania along latitude 7 *Sand Ion
gitude 38 "E,bounded by Coast region on the North, 
West, and _-.uth, and the Indian Ocean to the East 
(Map I). It is the smallest region in the country cover
ing an area of 1,129 km2,448 of these are classified as 
urban and 673 as rural. The region is subdivided into 3 
administrative districts: Ilala, Kinondoni, and Temeke. 

Food Science and Technology Department, Tanzania Food and Nutrition Centre (TFNC), Dares Salaam, Tanzania. 
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Map 1. Dar es Salaam region. 
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Climate. The climate is tropical, hot and humid 
with temperatures ranging from 28*C in August to 33*C 
in February. Annual rainfall averages 1,315 mm. 

Demography. The populiation of Dar es Salaam 
was estimated in 1988 to be 1,369,850 with a growth 
rate of 4.8%. significantly higher than the national rate 
of 2.8% (Bureau of Statistics 1988). This growth rate is 
borne out in the Ie92 population estimated at 1.6 ril-
lion. The region has the highest population density in 
the country, 1,997 people per km2, compared to the 
national average of 26. The population ishighly mobile, 
with migration both within and from outside the region. 

Socio-economic structure. The socio-economic 
status of the inhabitants of Dar es Salaam is highly 
variable. However, income levels in real terms have 
declined for the past 10 years, and many people 
employed in the formal sector (80% male) canrot main-
tain families with their wages. 

Food production. The Dar es Salaam Region 
produces only 6% of its own food supply' (TFNC 1991 ). 
Food crops cultivated in the region include cassava, 
p-)add, legumes. maize, sorghum, sweetpotato, banana, 
coconut, fruit, and vegetables. Production is rapidly 
decreasing as ihe city grows, stimulating production for 
the market in regions such as Morogoro and Coast. 
Table I gives an overview of the chLging levels of 
production comparing sweetpotato and cassava. 

Table 1. Production (t) of sweetpotato and cassava 
in Dar es Salaam, 1987-90. 

Crop 1987-1988 1988-1989 l)89-1990 

Sweetpotato 45,6(X) 23,500 13,771 

Cassava 69,223 35,900 7,210 
Source: TI."NC 1941. 

303 hotuseholds, 2 prisons, 4 hospitals, 7 schools, II 
hotels, and Xpublic markets were included in the survey. 
The Marketing Corporation of Dar es Salaam was also 
contacted about the annual supply sources and prices of 

weetpotato in the city, 

A stratified random sampling method was used to 
choose tnc households to be interviewed, while a pur-

posive method was used to sample the rest of the target 
groups. Formal questionnaires were used to interview 
both users and traders. 

Open-ended questions were used to obtain informa
tion from schools, hotels, prisons, hospitals, sidewalk 
vendors, and traders. This method gave the respondents 
a forum in which to talk about their views on the crop 
and its role in their lives. 

Three supervisors and twelve trained enumerators 
carried out the survey. Desk research was also under
taken, especially on the supply and demand of sweet
potato public markets. The survey took 12 days. Data 
analysis was done using the EPI INFO 5.0 computer 
program. 

Household Survey 
This household survey was conducted in order to char
acterize different groups or segments in the sweet
potato market in the city. It was hypothesized that 
sweetpotato consumption varied according to income 
(purchasing power), ethnicity, religion, age, household 
size, and whether or not the crop is produced by the 
family. The survey mainly focused on women, with 
about 98% of the respondents female. This decision was 
based on the assumption that women were responsible 
for purchasing and preparing the meals in most families. 
Males surveyed were street vendors and hoteliers. 

Respondents' ages ranged from 12 to 65 years.
About 69% had primary, hool education, 7% secon
dary education, 1%university "ducation, and another 

8% had reached various stages in adult education 
programs. Fifteen percent were illiterate. The respon
dents were of all religious denominations: 71% were 
Moslems, 17% Catholics, and 12% Protestants. Most of 
them were housewives (68%) and others were farmers 
or self employed. A few grov sweetpotatoes in back
yard plots, but quite a large proportion have farms 
outside the city. The largest numbers originated from 
Dar es Salaam (21%) and up-country regions such as 
Coast (19%), Morogoro (12%), Tanga (i%), Lindi
(6%), and Kilimanjar, (5%). The average family size 

6)a Kilil 

Although the survey revealed a larger proportion to 
be housewives and farmers, it found that on the basis of 

property ownership about 14% were inthe upper middle 
class, those owning videos and cars; 80% in the lower 
middle class, those owning radios and bicycles; and, 4% 

245 



in the lower class, those who did not own the four men- socio-economic attributes of the market segment of the 
tioned items and rented houses built of wood and mud. 2 total demand for sweetpotatoes was not investigated. 

Table 2 gives a general description of the socio-
The socio-economic status of the market sample economic status of the target group. 

was very heterogeneous. This signifies ahigher degree 
of interaction within the market. The effects of specific 

Table 2. Socio-economic profile of the consumers surveyed. 

Items Status Percentage 

Target group Households 99 
Sidewalk vendors I 
Institutions insignificant 

Age 12-65 years 100 

Household status Rich 14 
Average 80 
Poor 4 

Gender Male 2 
Female 98 

Education Primary 69 
Secondary 7 
University I 
Adult education 8 
Illiterate 15 

Religion Muslims 71 
Catholics 17 
Protestants 12 
Others insignificant 

Involvement in purchasing food Involved 91 
Not involved 9 

Employment Housewives 68 
Self-employed 14 
Unemployed 9 

Place of birth (Region) Dar es Salaam 21 
Coast 19 
Morogoro 12 
Tanga 8 
Li ndi 6 
Kilimanjaro 5 
Others 29 

- Unfortunately. the figures on the socio-cconomic status of the respondents could not be compared to figures from other surveys so to 
evaluate their representativeness. 
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Marketing of Sweetpotato in 
Dar-es-Salaam 
Data on the supply of sweetpotato marketed in Dar es 

Salaam from 1989-1991 were obtained from the
Kariakoo Market Corporation and information on 

wholesale prices was obtained at Kariakoo market cor-
poration and Tandale Food Product Cooperative Society 
Ltd. Retail prices were obtained from the vendors and 
households. Figurcs I and 2 indicate the amoun, of 
sweetpotato received in the various public markets of 
Dar-es-Salaarn and the average yearly wholesale prices 

per kg. The average 1991 price in the wholesale market 
was TSh. 35 shillings/kg. However, he retail price 
remained at TSh. 100 shillings, similarto 1989 and 1990 
prices. While prices at wholesale marlkets indicated 
some legree of elasticity, retail prices for the crop 
tended to be inelastic. 

According to the law of supply and demand, one 
could expect prices of sweetpotatoes to vary significant-
lN, with the variation in availability. Instead, prices went 
up with the increase in the supply of the crop and 
remained stable during some periods of serious scarcity. 
This unusual market behavior probably results from two 
factors. Sweetpotato is a secondary crop. Hence, rela

tively small volumes are traded. 

Another reason could be related to the seasonal 
variation in the way consumers perceive the crop. 
Strong demand for sweetpotato is tied to Ramadan. 
Outside the Ramadan period, consumers may not con-
sider the commodity as an essential part of their diet, so 
demand may remain flat contributing to stable retail 
prices. 

The annual demand for sweetpotato in Dar es 
Salaam, calculated from weekly purchases by the 
sample households during the peak period, isestimated 
to be 67,859 t.The average amount of the crop available 
for consumption is estimated at 26,782 t with all but 
124 t produced in the Dar es Salaam Region. This 
amounts to only 39% of total demand. 

Sweetpotatoes are sold at 23 public markets in Dar 
es Salaam. During the period studied, the average price 
of sweetpotato was 29% higher than that of cassava. 
While cassava prices varied, the prices of potatoes, 
pumpkin, cocoyams, and plantains remained very high 
(luring the sweetpotato cropping season. 

Sweetpotato was found to be available in Dar es 
Salaam markets for only 6 months of the year. Why the 
crop isunavailable year round is not clearly understood, 

since production isalways possible in accessible areas 
having the necessary ecological conditions. 

March and April are the peak months for swe& 

potato availability. This correlates with higher
wholesale prices during these same months (Fig. 2). 

March ard April are characterized by high supply and 
prices, presumably because demand is high during 
Ramadan. The supply from May-August/September is 
much lower, but prices remain high which one would 
expect from the law of supply and demand. The high 
price could also be a response to salary increases after 

the annual budget announcement in June. 

From September-February, there are almost no 
sweetpotatoes on the market. One could hypothesize 
that there is a significant unmet demand, and therefore 
an opportunity to develop a combination of production 

systems in nearby areas to extend the harvest period, 
and transportation/marketing systems to bring sweet-I
 
potatoes in from more distant parts of Tanzania.
 

Sweetpotatoes marketed in the city were mainly 
from Gairo (Morogoro Region), Bagamoyo (Coast 
Region), Kigamboni (Dares Sai,>im Region), Songea 
(Ruvuma Region), and Kondoa (Dodoma Region). 

Marketing channels 

The marketing channels for sweetpotato documented 
during the survey are simple and do not involve stages 
such as grading and storage. Figure 3 shows the two 
marketing channels. One channel is for roots sold for 
fresh cooking at home. The other channel is for roots 
marketed by street vendors who sell a cooked product. 
Middlemen normally bring the product to the city for 
marketing. It should be noted here that the retailers in 
channel two are mainly market and sidewalk vendors 
who sell the crop directly to consumers, with or without 
simple processing. The consumers in this case are main
ly householders, school children, and pedestrians. 

The marketing channels of sweetpotato are rela
tively simple and invariaH) cheap. However, this ad
vantage was out-stripped by high losses resulting from 
the lack of grading and pioper storage. Surveys were 
conducted in three markets (Kariakoo, Tandale, and 
Buguruni) of Dares Salaam to identify storage systems 
of sweetpotatoes. Results revealed that no storage 
mechanism exists for the crop. Tandale Food Product 
Cooperative Society Ltd. indicated substantial sweet
potato losses during marketing. The crop is not 
preserved at the household level either. 
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Figure 1. Volume of sweetpotatoes received in Dar es Salaam markets in 1989, 1990, and 1991. 
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Figure 2. Average wholesale prices (per kg) for sweetpotato in the Dar es Salaam market for 1989, 1990, 
and 1991. 
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Figure 3. Sweetpotato marketing channels in Dar 
es Salaam. 
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Respondents were asked to indicate the markets 
where they normally buy sweetpotatoes. Twenty-three 
public markets were identified which market sweet-
potato in the city. Seventy-nine percent of the respon
dents buy from these markets, whereas only 10% 
procure sweetpotatoes from their own farms. 

Weekly Consumption 

Consumers and traders are key decision-makers in 
sweetpotati, marketing. Their tastes and preferences 
determine the type and quality attributes of the crop in 
ternis of color, size, shape, and texture. Householders, 
vendors, traders, and school children were asked to 
describe the type of sweetpotato the%' preferred. Respon
dents differed in their size preferences. Households 
preferred tnedium sized (240-450 g), vendors large (450 
g), and traders either large or medium. 

All the respondents preferred sweet, pale yellow, 
fleshy, and starchy/floury roots. Vendors responsible for 
making chips wanted large roots. They can sell them 

easily and cut them into many pieces. All the vendors 
also preferred sweetpotato from Gairo (Morogoro 
Region) and Bagamoyo (Coast Region). Roots from 
these places best met the qualities which vendors 
wanted. Sweetpotatoes from other places mentioned 
here were not considered good because they are often 
white, moist, and sometimes fibrous. 

Local Names of Sweetpotatoes 

While it is easy for farmers to mention local names of 

sweetpotatoes avdilable in the country, it was not pos
sible for some of the respondents in Dar es Salaam to 
identify by name all of the sweetpotatoes in the markets. 
Table 4 lists the local names of sweetpotatoes known by 
the respondents. About 75% of the respondents were 
able to distinguish all cultivars in the market. Often the 
same cultivar is known by several names by different 
people in different locations. This confusion would be 
avoided if the cultivars were characterized and given 
standard names. 

Another goal of the survey was to assess .he 
average amount of sweetpotatoes consumed in the 
households per week. The assessments on Table 5 
covered both high and low peaks of the availability of 
sweetpotato in the city markets. 

Table 4. Sweetpotato names. 
Name Respondents identifying 

Karoti 20 

Hali Mtumwa 15 
Canada I I 

Vibogwe 6 

Moyo wa Simba 6 

Kandolo 6 

Mayai 5 
Kangeo 
Majeshe I 
Mpoke 

Mtangetange I 
Shangazi I 
ShizowiyaI 

Mkambe 
Unknown varieties 25 

249 



Table 5. Average amount of sweetpotato 
consumed per week in Dar es Salaam. 

Lowest period Peak period 

Less than I kg 38 0 

1-5kg 77 

7 kg 2 17 

14 kg 1 6 

That 38% eat less than I kg/week in the lowest 
period is presumably due to the high prices of the crop 
and lack of special demand such as during Ramadan. 
Nevertheless, not all markets are supplied in the lowest 
period contributing to low accessibility to ik, crop. Of 
the respondents who eat sweetpotato, 62% consume one 
or moe kg/week inboth seasons. If sweetpotatoes were 
available throughout the year in these markets, this 62% 
could create a permanent demand. 

Table 0 shows a very strong seasonal pattern: 72% 
of the households reported eating sweetpotato twice a 
week or more in the peak period: 75% once a week or 
less in the lowest period. However, 25% of all con
sumers eat sweetpotato twice a week or more even in 
the lowest period when prices are high. This 25% rep-
resents a group who will normally buy sweetpotato 
regardless of the changes in prices or season, and who 
would eat sweetpotato throughout the year if the crop 
were availabl,. 

About 97% of the households interviewed consume 
sweetpotato. This is equivalent to 304,875 households. 
The annual demand for sweetpotato for these 
households calculated from the weekly purchases of the 
sample population during the peak season is estimated 
at 67,85() t. This is equivalent to 62 g (297 KJ) of 
sweetpotato per day/household. 297 KJ/dav is only 
The annual availability of sweetpotatoes in the markets 
(26.782 u is only 39% of the total demand for the crop 
in I)ar es Salaam. Therefore, there is still a lot of room 
inor dditialaam.suppefoe, tee stilf tora r g if oara d diti oal su pplie s o f s w eetpota to fo r mark eting in 
)ar es Salaam. 

Uses of Sweetpotato 

Some city vendors reported that they cook sweetpotato 
chips, which are sold toconsumers. Others cook cassava 
chips because compared to cassava the price of sweet-
potato was very high. The use of large quantities of oil 

Table 6. Frequency of consumption per week du
ring lowest and peak period in Dar es 
Salaam. 

Frequency 
per week 

Lowest period
(May-August) 

Peak period
(March-April) 

Less than once 45 8 

Once 30 20 

Twice 15 22 

More than twice 10 50 

also raises prices, because sweetpotatoes absorb more 
oil during frying than cassava. To relieve this situation, 
researchers could breed cultivars with starch levels 
similar to that of cassava in terms of oil absorption 
capacity/properties. To prepare chips, the roots are nor
really peeled and chopped into pieces ofabout 8cm long 
x 4 cm wide x 2cm thick. These pieces are then dip-fried 
inoil until cooked. Salted and spiced chips are displayed
on a small table for sale. A typical vendor sells 40 kg in 
three days. 

Roots in Household and 
Institutional Diets 

Representatives of hospitals, prisons, and hotels were 
interviewed to learn how sweetpotatoes are used in 
these institutions. Hospitals and prisons do not use 

sweetpotatoes during the months of Ramadan. Some 
hotels prepared a few sweetpotato for fasting Moslems. 
Inthe households, howeve-, 85% of the respondents ate 
sweetpotato for breakfast. 'he rest ate the crop at lunch 
and/or dinner whenever the crop was -vailable in the 
market. Normally, sweetpciatoes were reported to be 
eaten with beans 144%), ca, sava (46%), meat (14.3Q,), 
fish (12.2%), and cowpeas, while some households 
consumed the product without mixing it with other 
foods. Results also indicated that sweetpotato could be
fed to any household group without problem: from 
children aged between 3-24 months to adults, the aged,a d c n a e c n e p e 
and convalescent people. 

When eaten for breakfast, sweetpotatoes are nor
really peeled, sliced into pieces of about 2.54 cm 'hick, 
washed, salted, and boiled in water. Some households 
cook the roots before peeling. Peeling is done at the 
table by individual consumers. The dishes prepared 
from the crop were limited tofutari,boiled, mashed, and 
fried sweetpotato. In the preparation of futari, sweet
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potatoes are first peeled, sliced, and washed. Then the 
lean slices are put into a cooking pot with salt, sugar, 
and cardamom, and boiled until cooked. Coconut milk 
is added and the mixture simmered for another 10 
minutes. The fiaari is then served with tea ,,rsoft drink, 

Diversification of consumption patterns through 
new and unusual recipes for the crop could probably 
help to create higher demand and hence better prices, 

Leaves in the Diet 

Sweetpotato leaves were eaten by 84.3% of the 
householders interviewed. The type of leaves eaten are 

those which are long and thin, and mounted on the long 
stalk of non-tuber forming varieties. It was not clear 
why the consumers chose to eat only these type of 
leaves. It would he advisable to investigate the reasons 
for not eating the broad leaves of tuber forming cul-
tivars. The leaves are cooked by frying them in oil, 
boiling them, or mixing them with fish or meat. 

Neither roots nor leaves of sweetpotato are corn-
monly fed to animals in the city of Dares Salaam. The 
low production ofthe crop in the city could be the reason 
why sweetpotatocs were not fed to animals, 

Dietary Limitations 

Approximately 7.7% of the surveyed respondents dis-
liked sweetpotatoes. They said sweetpotatoes caused 
them constipation, ulcers, flatulence, heartburn, or 
stomach pain. Areas for future research and study in thiIs 
cottext are: looking into the substances responsible for 
causing the problems inherently present in the roots: 
advising breeders to produce highly nutritional cultivars 
free Of tilenti-nutritional factors; developing cooking 

methods that would render the products free from these 
factors: assessing the nutritional value of sweetpotatoes 
marketed in the city; and making a chemical analysis of 

op. l c "te-

the crop. 


Conclusion 

Sweet potato (Ipwoinea Ihatatas(L)Lam) is a staple food 
in some regions of' Tanzania, but is subject to manv 
marketing problems. 

In this study a survey was conducted in all districts 
f )ar cs Salaam (Temeke, Ilala. and Kinondoni) in 

order to e,,tablish the consumer demand for sweet-
potatoes. Inter, iews were conducted among household 
icibers. street vendors, hospitals. hotels and prisons. 

Wholesalers, retailers, and consumers were also sur
veyed. 

Sweetpotatoes ,'e eaten by people of every socio
economic status. While hospitals and prisons do not use 
sweetpotato in their meals, 97% of households inter
viewed ate the product either during breakfast, lunch, or 
dinner mixed with cassava, beans, cowpeas, meat, or 
fish. Consumption is at its highest during the season of 
Ramadan. Sweetpotato leaves arc eaten by 84% of the 
households. Only 8%of the respondents said thiat they 
did not like sweetpotatoes. Reasons given were that they 
reportedly caused constipation, flatulence, ulcers, 
heartburn, or stomach pain. 

Market availability of sweetpotatoes was shown to 
be concentrated in the months of March, April, May, 
June, July, August, and September. Almost none were 
available in Dar es Salaam markets during the other 
months. 

The two marketing channels for sweetpotato are 
simple and do not involve grading or storage. Channel 
one involves wholesalers buying the crop from mid
dlemen for sale to retailers who in turn sell it to con
sumers. In channel two, retailers buy the crop directly 
from the middlemen. Some vendor, in the city fry 
sweetpotatoes into chips for sale to pedestrians. 

Consumers prefer sweetpotatoes which are firm, 

starchy, floury, non-fibrous, moderately sweet with pale 
yellow flesh. The frequency inwhIch sweetpotatoes are
 

consumed varies according to the availability of the 
crop in the market. During the peak season, people eat 
the crop more than twice per week, while during the 
period of low supply the crop iseaten less than once per 
week. Householders appeared to consume the same 
ainount per meal regardless of the availability of the 

crop in the market. Most households consume about 2.5 
kg per meal while the rest consume either over 7 kg or 
under I kg regardless of the change in supply. While 
sweetpotato prices in wholesale markets indicate some 
degree of elasticity, retail prices for the crop tend to be 
inelastic. The wholesale price of sweetpotatoes rose by 
2%from 1989 to I99 1'but the retail price remained at 
TSh. I(X)/kg regardless of the fluctuation in supply. 

Based on the survey findings, the following recoi
mendations merit mention for further development of 
the crop. 

Carry out a special study in Dar es Salaam in order 
to support or nullify the hypothesis that consumption 
of sweetpotatoes varies according to income, eth
nicity, religion, age, and size of the famnils. 
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" 	 Encourage all markets handling sweetpotato to 
develop a system for keeping records on the amount 
of the crop received. 

" 	 Begin the practice of making weekly broadcasts of 
sweetpotato prices, as in the case of other crops, to 
create awareness on the part of producers and con
sumers of the supply and price of the crop. 

Explore processing techniques to increase the variety 
of products available, to stimulate product demand 
and hence production. 

* 	 Develop storage systems at receiving centers to en-
sure continuotus availability of the crop for con-
sumers. 

" 	 Carry Out regular assessments of the culinary and 
nutritional properties of sweetpotatoes by various 
national research institutes in order to recommend 
suitable cultivars which are preferred by consumers. 

* 	 Carry out an analysis of the chemical composition of 
sweetpotatoes consumed in Dar es Salaam to deter
mine the exact role of the crop in the diet. 

* 	 Conduct research on how to overcome the negative 
physical factors reported by consumers. 
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A Rapid Appraisal of Sweetpotato
 
Marketing in Uganda
 

M.H. Fowler and A.M. Stabrawa 

Abstract 

Uganda is the largest sweetpotato producing country in Africa and the fourth largest in the world. Yet, 
relatively little is known about the production, utilization and, in particular, marketing of this crop under 
Ugandan conditions. This paper presents the results of a rapid appraisal of the marketing system for 
sweetpotatoes in Uganda. It also provides useful information about recent production and utilization 
patterns. The conclusions highlight the importance of developing new markets for fresh and processed 
sweetpotatoes as well as measures to extend the storability of the crop both inthe ground and after harvest. 

Key words: production, utilization, storage, processing, prices, constraints. 

Introduction 

Arapid appraisal of sweetpotato marketing was carried 
out in Uganda in order to identify possible support by 
the Natural Resources Institute (NRI) for postharvest 
research on this important food crop. The objective was 
to characterize the marketing system and identify con-
straints, in order to make recommendations for future 
research, 

Methodology 

Anumber of different methodologies exist for carrying 

ut marketing studies (see Magrath 1992 for a review), 

each with its particular limitations, and the choice of 
methodology largely depends on the objectives and 
resources available to undertake the study. In this case 
a rapid appraisal was carried out to provide "relevant, 

and usable data" (Chambers 1980timely, accurate 
quoted in Maurath 1992), about the structure and per

ormance of the sweetpotato marketinig system inUgan-
da.
 

This approach entailed identifying "key inform-
ants" at all levels of the marketing chain and carrying 
out semi-structured interviews developed for each type 

of participant. In some cases where interviews com
menced with individual producers or traders these 
developed into group interviews because of the interest 
the discussion generated from other participants. The 
study focussed on the urban consumer markets of Kam
pala and Jinja, and the important supplying Districts of 
Soroti and Kumi in eastern Uganda and Mpigi and 
Masaka in the Central Region (Map I). The f'ollowing 
types and numbers of participants were interviewed as 
key informants: 

* 	Urban market traders (12 individual and 2 group
making a total of 32 wholesalers and retailers in
Kampala and Jinja 

* 	 Rural traders ( 13 wholesalers, producer/traders, and 
retailers) 
Producers (21 individuals and 2 groups, making a 
total of 69 in Soroti, Kumi, Mpigi, and Masaka 
Dtr icts) 

* 	 Urban consumers ( 16 in Kampala and Jinja). 

Other key informants included District staff from 
the Ministry of Agriculture, Animal Industries and 
Fisheries (MAAIF) and the Ministry of Commerce, 
Cooperatives and Marketing, market administrators, 

Agricultural Economists, Natural Resources Institute (NRI), Central Avenue. Chatham Maritime, Kent, United Kingdom. ME4 4TB. 
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Map 1. Uganda Administrative Districts. 
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and an exporter of the crop. Secondary data and infor-
mation on sweetpotato production and marketing from 
a number of other reports, papers and studies have also 
been used (see Referces). This paper is largely 
descriptive because of the nature of the methodology 

and objectives. 


Production 

Uganda has been estimated to be the most important 
producer of sweetpotatoes in Africa and the fourth most 
important producer in the world (Table 1). 

Table 1. Principal producers of sweetpotato 
world-wide, 1991. 

Production 

Country (000t) 

China 107,190 

Vietnam 2,105 
1,976Indonesia 
1,800

Uganda 1.460 

Japan 

Source: IAo Production Yearbook /991 

Two) sources of production data are available from 
.MAAI[: annual estimates are made by district extension 
statf and an agricultural census was carried out in 
19u(0/91. However, a comparison of the two sources 
shows marked differences (Fowler and Stabrawa 1993). 
This is further complicated by the fact that the agricul
tural census was incomplete, with data collected in only 
20 of the 33 Districts due to security problems. 

The aericultural census records production from 
the enumerated Districts as being 1.37 million tons. 
Since the Districts not enumerated by the census con-
tribute an verage of approximately 201% of national 
prlticti~m each ,year kiccording to the MAAIF annual 
,tlbte,,lthe 'ctal national production in the 1990/91 

,Cei ,i,WuIld Live been approxi mately 1.7 million tons. 
'hisc1o)mes chseiy wilh the noraliy-quoted nation-
d production fiure ()t1.8 million tons (Table I and 
,.\pperidi \ I I 

The census, data show, that sweetpotato is the fifth 
most Iri1irtant Iixl,'rIprp interms of area, afterbananas, 
beans, maizc, ar. finger millet; and. the third most 

important in terms of fresh weight produced (Table 2). 
The three non-grain starchy staples, bananas, cassava, 
and sweetpotatoes, contribute 85% of food production, 
by weight, in Uganda. 

Table 2. Agricultural census: Area and production 
of the major food crops, 1990/91. 

Crop Area Production 

(000 ha) (000 t) 

Bananas 642 4,717 

Beans 312 507
 

433
Maize 267 

Finger millet 240 342 

Cassava 184 5,007 

Sweetpotatoes 170 1,371 

Groundnuts 142 162 

Sorghum 134 259 

Potatoes 20 174 

Source. Minisin, ofAgriculture, Animal Industriesand 
Fisheries 1992a. 

Sweetpotato has been widely grown throughout 
Uganda for many years, it is a crop of minor importance 
only in Apac District and in the relatively dry areas of' 
Karamoja. It is also grown over a wide range of al
titudes, including the highland areas in the south of 
Kabale District. The main sweetpotato-producing dis
tricts according to the agricultural census are shown in 
Table 3. 

Average per capita production was approximately 
105 kg per head of rural population in 1990191. Above 
average production figures are, for the most part, con
fined to the southern Districts, in particular those imme
diately adjacent to the principal urban centers of 
Kampala, Jinja, and Entebbe. H-igh per capita figures 
are also recorded in the highland part in the southwest 
part of the country, which is also an area of relatively 
high population density. However, the exclusion of 
certain Districts from the census coverage, in par
ticular Kurni and Soroti, means that the national pic
ture is incomplete. 

During the census, the average sweetpotato plot 
size during the first growing season (March/April 
planting) was measured as being (1.12 ha, and (.0 ha 
in the second season. The average area under the crop 
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throughout the year was one-tenth of a hectare, il-
lustrating that it is a crop grown principally by 
smallholders. 

Table 3. Principal sweetpotato growing districts, 
19 90/9 1."1 

ProductionDistrict (000 t) 

Mpigi 126 


Kamuli 112 


Mubende 118 


Bushenvi 112 


Iganga 112 


Kabale 99 

Kabarole 96 


Mukono 95 


Tororo 59 


Source: Ministrv ofAgriculture, Animal Industries and 
Fisheries1992a. 

"There are inconsistencies between the census data and 
those published annually by MAAIF. The latter indicates 
that nine major producing districts (excluding those not 
inciuded in the census) over the 1990/91 period were 
Mbale. Iganga. Tororo, Hoima, Apac, Kuini, Kr"nuli, 
Masindi. and Gulu. Only one third of the districts are 
common to both lists. 

Census data also show that the proportion of the 
area under sweetpotatoes planted as pure stands during 
the first season of the year was 44%, and 56% in the 
second season. By contrast, the 1963/64 census revealed 
that X6% of the sweetpotato area was planted as pure 
stands. Maize and beans are the principal crops inter-
planted with sweetpotatoes. Sixty-two percent of the 
area recorded as being under sweetpotatoes during the 
census year was planted in the first growing season 
(March/April . 

A survey of various aspects of sweetpotato produc-
tion was carried out by the Sweetpotato Research 
Programme team at Namulonge Resea1rch Station, 
funded by the International Potato Center (CIP) and the 
German Agency for Technical Co-operation (GTT.. Be-
tween 1989 and 1992 a total of 635 smallholders were 
interviewed in nine Districts of the country (Apac, Arua, 
Gulu, la-anga, Kabale, Kabarole, Luwero, Mbale, and 
Mpigi). The principal production-related findings of the 

survey (Bashaasha et al. 1993; Ocitti p'Obwoya n.d.) 
are that: 

# 	 the main planting season is March/April, although 
planting takes place throughout the year; 

* 	 sweetpotato tends to be grown first or last in the crop 

rotation; 
* 	 sweetpotato is mainly grown on mounds except in 

high altitude areas where ridges predominate; 3-4 
vines per mound are common; 

# 	 weeding isdone once or twice depending on weather 
conditions; 

e 	sweetpotato isusually "hilled-up" during the season 
to encourage growth and to protect the tubers; 

9 	 little use ismade of fertilizer, manure, or pesticides; 

a 	multiple varieties are grown by individual small
holders; 

* 	 farmers usually provide their own planting material 
or obtain them from neighbors. They are often in
short supply at the beginning of the season; 

e 	 women play a majo7 role in the cultivation of the 
crop; and, 

* 	 piecemeal harvesting is prevalent, from about 2.5 
months after harvest for some varieties. 

Like cassava, sweetrxtato isan important source of 
food for tho.,e living in the rural areas, as well as 
performing an important role as a food security/famine 
reserve crop. For example, it shows some resistance to 
drought (although not as tolerant as cassava); can be 
stored in the soil for a significant period thus offering 
flexibility with regard to harvesting (Uganda, GTZ and 
CIP 1992); do well in marginal soils; are more tolerant 
than most other crops to late planting; and can be grown 
throughout the year in much of the country. Further
more, it can yield some return with no purchased inputs 
and very little labor since the vines quickly cover the 
ground, therefore weeding requirements are minimal, 
and they protect the soil against erosion. Finally, sweet
potato is a significant source of cash income for many
smallholders. 

Sweetpotato iswell-integrated into the farming sys
tern, being widely grown as a supplementary crop 
primarily for home consumption, with occasional sales 
being made. In addition, farmers are familiar with the 
crop. It is perhaps the basic staple food in much of the 
northeastern and northern part of the country given the 
recent decline in cassava production as a result of cas
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sava mosaic virus. In the east and central areas it isone 
of the major staples after bananas and miliet, respective-
ly (Ocitti p'Obwoya 1991). 

Women play an important role i, t.ie cu!tivation and 
postharvest operations of the crop. However, recent 
changes have been reported with the greater involve-
ient of men in the production and marketing of sweet-

potatoes as the commercial importance of the crop has 
increased (Odogola, pers. comm.). This topic merits 
further research. 

Production trends 

The widely reported recent changes in the dynamics of 
the production of major food staples were confirmed 
during the study and from areview of local production 
figures. These changes were "learlv illustrated in Kumi 
and Soroti Districts where there has been a marked 
decline in cassava production since 1991 due to the 
cassava mosaic virus, and acorresponding expansion of 
sweetpotatlo production following a 'vice from local 
MAAIF staff. 

The rapid increase in planting of sweetpotatoes in 
Kumi District is portrayed in Table 4. The area under 
the crop tripled between 1989 and 1992, when the 
largest area of sweetpotato was cultivated in the District 
since records began in 1981. As can be seen from the 
corresponding figures for cassava, much of this increase 
can be explained by the rapid reduction in the area 
planted to cassava arising from the :pread of cassava 
mosaic virus. 

A more dramatic change in the relative importance 
of the two crops has been recorded in Soroti District (see 
Table 5). A significant fall was also recorded ir, the area 
planted to millet during 1992, the reasons for this are 
not yet clear. 

In addition to the reduction in the area planted to 
cassava, a number of other factors have combined 
simultaneously to boost sweetpotato cultivation in these 
districts in recent years. Since 1986 cattle raiding has 
decimated the herds in this area, where traditionally 
draught power had been extensively used, particularly 
in opening up new areas. The lack of cattle has meant 
that land opening isnow done by hoe. Sweetpotato does 
not need a well-prepared seed-bed and have therefore 

Table 4. Kumi District: Area planted (ha) to sweetpotato and cassava. 

Year 

Crop 1983-88" 1989 1l( ' ) 

Sweetpotatoes 19,743 6,862 9,909 

Cassava 31,452 26,200 23,638 

Source: DistrictAgricultural Ojficer, Kumi. 
d Annual averace. 

1991 

13,073 

12,138 

1992 

28,313 

3,519 

Table 5. Soroti District: Area planted (ha) to sweetpotato, cassava, and millet. 

Year 

Crop 

Sweetpotatoe,, 

Cassava 

Millet 

1983-88a 

8,097 

9.505 

25,539 

1989 

9.226 

15,565 

31,647 

1990 

6,613 

16,734 

34,812 

1991 

15,42 

15,899 

31,132 

1992 

19.020 

3.77 

15,346 
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been planted in areas which have been only partially 
cleared. The specd with which the crop establishes itself 
and covers the ground prevents subsequent weed infes-
tation. 

Without cattle, an important source of income for 
tile inhabitants of the region was no longer available, 
Sweetpotato has been able to fill this gap, at least 
partially. It has also been able to replace some of the 
income previously earned by smallholders in this region 
from the sale of their cotton crop. The marketing of 
cotton has been plagued by inefficiencies in recent years 
and producer prices in real terms are significantiv lower 
than those prevailing in the 19 70s. This has consequent-
lv resulted in a dramatic fall in area planted. 

tthe samntimve, antheenroa y stion ia 

toeether with .;ne of the rural roads, were upgrads. 
This considerably reduced the cost and time of 
transport, a critical factor in the marketing of a high 
weliht/low, value crop such as sweetpotato. The 
demand f(or sv.'eetpotato was also greater than usual in 
N992 KaciLase low. rainfall during the previous giowing 
sealson adversely affected the production of niatooke in 
those district,, ntormally supplying the Kampila market, 
wiich are located immediately surrounding and to the 
s est of the capital. At the same time, the 1992 rainy 
season in Kumi and Soroti Districts was unusually 
extended which meant that near continuous cropping 
was possible between April and October. 

Finally, since much of the land had not been used 
since 1980 due to the insecurity which prevailed in the 
regiom until recently, its soils were well-rested and yield 
levels during the first few seasons have consequen'ly 
been high. lowever, the long-term sustainability of 
intensive sweetpotato production on land which is not 
fertilized, is questionable. 

Most farmers who replaced cassava with sweet-
piati said they, would grow smal!er areas ()F both crops 
in the fUturc it a solution was found to the problem of 
cassava moaic virus. It was also reported that in Kumi 
D istrict, swcctptato was replacing recently-introduced 
rice in titnip areas ecause it is considerably less 
lab llr Intlensive. 

Similar ch;nges have been reported i" Masaka 
District which is a majo)r producer of inatooke. Here 
"wcetptato is said to be replacing matooke because of 
banana weevils and nematodes. 

Harvesting 

In light of the relatively short shelf life of the sweet

potato tubers (Bashaasha et a]. 1993), and since most of 
the crop is produced for home consumption, farmers 
normally harvest the crop piecemeal to meet the needs 
oftheir families over several months. Forexample, 6 4e% 

of the farmers in Tororo district and 86% in Mukono 
District never sold the crop (Prevention of Post-Harvest 
Losses Project report). The farmers are thus effectively 
"'storing" the crop in the ground. However, some limited 
storage of tubers does take place inside the farmhouses 
for an average of four days (Bashaa.,ha et al. 1993). 

Only if significant quantities of the crop are to be 
sold are entire fields harvested at once (Uganda. GTZand CIP 1992), otherwise mature tubers from small areas 
are harvested piecemeal for sale to meet smallholders' 

Yields 

Yields estimated by the census varied from 5.: Iha in 
Apac district, to 11.3 t/ha in Mubende, with a national 
average of 8.1 t/ha. Vanegas and Bashaasha ( 1991 ) note 
that vields are highest in the northern part of the country. 
although this is not supported by the results of the 
census. 

Although the crop can be harvested over aperiod 
of months, optimum yields are realized approximately 
ten months after planting. However, the incidence of 
weevil damage and tuber rot diseases becomes sig
nificant approximately 8 months after planting, al
thoui2h this varies between varieties (Uganda, GTZ, and 
ClI" 1092a). 

Returns 

Bashaasha and Mwanga (1992) reported that, at current 
input levels, the gross margin per hectare for sweet-

Ipotato was significantly higher than that of cassava 
-Sh 40,730 compared with Ush 23,696. 

An analysis of the domestic resource costs (DRC) 
of the principal food ,rops grown showed that there was 
acomparative advantage of growing cassava -the DRC 
was 2., 1 compared with 4.7 for bananas and 1.7 for 
sweetpotatoes. 
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Utilization 

Storage and processing 
Sweetpotato tubers are highly perishable once harvested 
and are therefor,_' rarely stored for more than three or 
f'our days, and even less when the) are bruised or 
damaged. For this reason, they are usually "stored" in 
the ground until required. 

They are mainly consumed fresh, either boiled or 
steamed. In the drier north and east parts of the country 
the tubers are often dried and subsequently stored, 
reportedly lor ip to six months or longer. This latter 
process consists of peeling the tubers, which are then 
either sliced or crushed into small pieces. They are 
subsequently sun-dried, particularly during the dry 
period between December and January. The survey by 
the Sweetpotato Programme (Bashaasha et al. 1993) 
fiound the storage of dried sweetpotatoes practiced in 
only 4 of ( Districts covered. Forty per cent of farmers 
in both Kabale and Apac said they used this method, 
291" in leanua and 10% in Gulu. However, the impor-
tance f( drying is still unclear because no assessment 
has been made (f quantities produceL ,. percentage of 
the total harvest dried, and because of the limited 
coverage of the survey (9 Iistricts out of 39). 

The (only cases of storage encountered during this 
rapid appraisal were off the dried form in Kumi and 
Soroti Districts, where the sliced and dried form i-, 
knwn as ainukeke, and the m,.:hed and dried form is 
known as iniinvo. Demand for these dried products 
exists i local urban centers and traders transport them 
further north to Moroto District. but not to the south. 
)ried weetpotatoes that have become mouldy can be 

fermented into the local spirit (aragi). Some traders 
hus the cruder form (if waragi and distill it further to 
mike a pur pi rit. 

It was not possible to assess the importance of 
drviri, which would require a more detailed study. 
However, it was clear frori. discussions that dried sweet-
p()Ltoes are ver, important as a amine reserve crop in 
the I)istricts where tils is practiced. It ensures food 
,,ecLritv n(it (inlv f)r the stock-hiilding household. but 
1f() the kh)lk cmimmunity. In times of famine those 

without food reserves work for those who have in 
exchange for dried sweetpotatoes. It is likely that the 
practice of drying was traditionally carried out in areas 
where agro-ecological conditions resulted inperiodic 
droughts, production short-falls, and famine!;. The im
portance of dried sweetptatoes is another area suitable 
for further investigation. It may well be changing due 
to the increasing use of monetary payments, and the 
greater availability of alternative ood staples such as 
maize meal. 

Limited storage of sweetpotato tubers has been 
reported in underground pits covered with either earth 
or leaves. However, the period of storage by this method 
is rarely more than one week (Mwanga and Wanyera 
1982); it is not clear how widespread this practice is and 
probiems of sprouting and rotting have been reported 
(Bashaasha et al. 1993). 

Demand 

As incomes rise, the future demand for food could 
witness asignificant shift out of root crops intolivestock 
products, since the income elasticity of demand for 
,weetpotato and other I crops which comprise the 
dietary staples, is estimated by some observers to be 
well below one (World Bank 1992). 2 

However analysis of time-series data by Vanegas 
and Bashaasha (1991) has shown that the income elas
ticity of demand for sweetpotatoes is positive, although 
low al 0. 14. Sweetpatato is therefore not an "inferior" 
good (Bashaasha ani Mwanga 1992), and thus demand 
for the crop is set to increase as the economy expands. 

The National Household Budget Survey, which was 
carried out between April 1989 and March 1990, gives 
detailsof the purchases ofa numberof basic staple fods 
made by different categ,; ies of households.3 Data on 
sweetpotato purchases are summariscd in Table 6. 

As might be expected, purchases of sweetpotatoes 
comprise a smaller part of total expenditures in the 
Central urban) and Eastern (urban and rural) region 
where production tends to be highest. These two regions 
also allocate less of their total household expenditure to 
food in general than the Western and Northern regions. 

hwuehold ButdIgLet Survey shows Ihat approximate!Iy one-third of the diet of the rural arcas k made up ofmto 
potato)e,, Ind olher si:irch. ,taples, comparCd witI less than one-quarter of the urban diet (World [ ank/UN!)P Project 1991 ).Thercforc. 
as ihe polulaiion hermnes ncreasinl. urhanized, fundamental changes can he expected to take place in the national diet. 

A numher (if disricis were not covered by [he Household Budget Survey. two in the Eastern region and five in ihe Northern region. 

lThe oke, sweet potatoes, 
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Table 6. Proportion (%) of monthly household 
consumption expenditure on sweetpotato, 
by geographical region. 

Region Urban Rural Total 

Central 2.09 4.54 3.75 
Eastern 1.95 4.15 3.80 

Western 2.52 4.68 4.51 

Northern 4.22 4.27 4.26 

Uganda average: 2.20 4.50 4.04 

Source: World Bank/UNDP Project 1991. 

In value terms, the average monthly expenditure on 
sweetpotatoes was Ush 1,393 (Table 7). Surprisingly, 
perhaps, expenditure was slightly higher in the rural 
than in the urban areas. The average retail price of 
sweetpotato during the year of the survey was USh 72.7 
per kg. It is appreciated that this is the retail price in 
Kampala and is likely to be significantly higher than the 
prices prevailing in many of the rural areas in which 
purchases took place. Nevertheless, it can be 
hypxthesised that an average of at least 16 kg per month 
was purchased by households in the urban areas and 
approximately 20 kg per month by households in rural 
areas., 

Recently, a more limited study was undertaken of 
food expenditures made by a family in the suburbs of 
Kampala. It revealed that an average of 20 kg of sweet-
potatoes were consumed each week and that purchases 
of the crop accounted for approximately the same 
proportion (9%)of total expenditure on food and sundry 
items in 1990 as they had done in 1971 (Bigst.n and 
Kayizzi-Mugwera 1992). 5 

Compared with the other staple food crops, average 
expenditure on sweetpotato throughout Uganda ranks 
behind matooke, maize, and cassava (Table 8), although 

Table 7. Average monthly expenditure (USh)
 
on sweetpotato by region.
 

Location 

Region Urban Rural Total 

Central 1,205 1,656 1,552 

Eastern 966 984 982 

Western 1.255 1,677 1,652
Northern 1,196 942 965 

Uganda average ,75 1,424 1,393 

Source World Bank/UNDP Project 1991. 

it is relatively more important in the Central and 
Western regions and much less so in Eastern region, 
where production is relatively less significant. 

Tastes and 
preferences 

The preferred sweetpotato tuber is large (but not too 
large or the sugar content is lower), with a high starch 
content and not "stringy". Small tubers are not liked due 
to the difficulties involved in peeling them and because 
they quickly become over-cooked when boiled. The 
tubers have to be eaten within 3 to 5 days of harvest, as 
their quality declines rapidly.6 They are normally 
peeled, boiled until soft, and then eaten while still hot 
with a sauce. Weevil infestation is reported to give the 
tubers an unpleasant "bittcr" taste. 

In parts of the country where the tubers are dried, 
these are either rehydrated in boiling water or ground 
to make a flour which may be added to millet or sor
ghum flour. Roasted sweetpotatoes are an increasingly 
popular food item, cooked and sold in the urban markets 
at the height of the sweetpotato season (December-
January). 

. The a crage houehold size as recorded by the Household Budget Survey (HBS) was 4.5 in the urban areas and 5.6 in the rural areas, 
giving a national average of 5.5 people p.r household. The consumption figures presented here indicate that the average annual quantity
of sweetpoitato purchased per head amounts to approximately 42 kg in bth urban and rural areas. With average production per capita 
estimated to lie approximately 104 kg, the HBS data would suggest that a relatively high propoion of the crop (40%) is marketed,
double the e,,imatc made by the Planning Division quoted earlier (Uganda National Food Nutrition Council Sub-Committee 1992). 

5 Compared with 2597 on matooke in 1990 (a slight increase from 1971), 1017c on maize (little change), and 5% on cassava (a slight
decreae) 

6This compares with cassava which should be eaten within one day of harvest. 
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Table 8. Proportion (%) of average monthly total 
household consumption expenditure on 
major starchy staples. 

Location 

Mamoke 7.02 11.38 10.50 

Maize 3.26 4.67 4.39 

Cassava 1.99 4.85 4.28 

SweetrK)tato 2.20 4.50 4.04 

Millet & somhurn 0.74 3.69 3.09 

Rice 1.97 0.85 1.07 

Total food 51.08 63.25 60.82. 

Source."World Bank/UNDP Project 1991. 

Nutrition 

The 19X4 Uganda Food Strategy Study (quoted in 
Odogola and Kaliisa 1989) estimates that the average 
proportion of" staples in the Ugandan daily diet is: 
cereals 39%, plantain 33%, ca.,sava 207, and sweet-
potito 8%. It states that sweetpotato is an important 
component of' the diet in all agro-ecological regions 
except Karamoja District in the northeast (see Map I 

Macdonald (1970) reported that in that year the 
total calories supplied by sweetpotato ranked behind 
those supplied by cassava and bananas. A recent sector 
review (World Bank 1992, Vol ime 11)notes that sweet- 
p)tat() is ranked fourth, accounting for 10% of' the 
calories available per head of population compared with 
28%,' from bananas, andprovided from cereals, 26% 
I1%from cassava. Sweetpotato accounts for 13%of the 
average uross volune of food available, 

No instances were recorded during the production 
survey (Bashaasha et al. 1993) of sweetpotato leaves 
(vines) being used for food, although Mwanga and 
Wanvera ( 198X) note that in sone cases they are "used 
as spinach", and also as animal feed and fo0od for Tilapia 
vJp. in fishponds (Ibid.). 

Marketing 

Marketing flows 

It is estimated that 20% of the sweetpotato harvest 
(amounting to 393,000 t in 1990) ismarketed each year, 

approximately the same as the proportion of the cassava 
harvest (MAAIF Planning Division, quoted in Uganda
National Food Nutrition Council Sub-Committee 

1992). 

As might be expected, the direction of marketing 

flows is from the producing areas towards Kampala and 
other urban centres. In Soroti, it was reported that at 
peak harvest tine lorries also come from Kenya and 
Somalia (Makai, 0. pers. comm.). 

Observers have noted that the marketing of the crop 
is constrained by the high bulk/low value nature of the 
crop, by its high perishability, by transport and market
ing constraints, and by the absence of any processing 
infrastructure (Bashaasha and Mwanga 1992). It has 
also been noted that difficulties of transporting the crop 
meant that there was, until recently, no national market 
for sweetpotato, but rather a series of geographically 
discrete and relatively independent marketing systems 
(Vanegas and Bashaasha 1991). 

The situation has now improved considerably tol
lowing an extensive (and ongoing) programme to 
rehabilitate both trunk and feeder roads; similar efforts 
are being made to improve the railway infrastructure. 
The national lorry fleet has also been augmented in 
recent years. One commentator has noted that, "Im
provement of the transport services, via (sic) repairs of 
roads and other infrastructure, has been the single most 
important outcome of the adjustment efforts" (Kayizzi-
Mugerwa and Bigsten 1992). However, the costs of 
transportation are considered to be high, which is one 
justification for maintaining or increasing the levels of 
investment in rural feeder roads. 

The study team was able to obtain a limited amount 
of data from the Kumi District Treasurer's office on the 
total amount of revenue collected in recent months from 
a tax levied on each sack of sweetpotato wnich is 

transported out of the District, usually to Kampala 
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(Table 9). The tax of USh 200 per sack levied is used Since each sack contains approximately 100 kg of 
for the District Development Fund (DDF). The monthly sweetpotatoes, we can calculate that in the peak month 
data gives an idea of the quantities of produce being of November almost 1,500 t of sweetpotato were being
marketed outside the district and the timing of sales. 7 transported to market outside Kumi District. Over the 

six month period far which data were obtained, the total 
quantity of produce taxed on leaving the District was 

Table 9. Tax collected from sweetpotato 3,764 t. 
marketing, Kumi District. 

Months Revenue collected Bags 	 Market structure 
(USh) The structure and main participants involved in theSeptember 1992 1606(X) 803 sweetpotato marketing system (Fig. 1)have been com-

October 1992 867.850 4,339 	 piled from the information provided during interviews 
and each component is described in the sections below.November 1992 2,954,655 14,773 	 Although a distinction has been made between 

December 1992 1,438,600 7,190 	 producers and rural and urban traders, in practice these 
functions may overlap For example, there areJanuary 1993 897,940 4,490 producers who also trade. 

February 1993 1,208,880 6,044 During the study some variation was found in the 
characteristics of the sweetpotato farming system and 
mechanisms of marketing, depending on the District 

Figure 1.Structure of the sweetpotato marketing system in Uganda. 

SLarge PrdcrProducer/ 
producer Prdcrtrader 

Local public Rural trader Local markets/ 
institutions consumers
 

Urban traderlbus crews 

Urban markets 

Exporters Urban consumersE 

7 It is felt by some officials that the DDF tax may not have been levied on all the sweetpotatoes transported out of the District. 
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and proximity to the main urban markets of Kampala. 
Twenty-one individual and two groups of large and 
small producers were interviewed, including some 
large-scale, commercial growers in Mpigi and Kumi 
Districts. Most of the producers depended entirely on 
agriculture, including sweetpotato, for their incomes, 

It is crucial that the tubers are sold immediately 
after harvest because of their perishable nature. Where 
production isgreatest such as in Kumi, traders come to 
the farm with hired transport and labor, sort and bag the 
sweetpotatoes and transport them away. Some large 
producers organize their own transport to major urban 
markets in Mbale and Kampala but this can be difficult 
without contacts, and they may have to sell through a 
middleman or broker. Without contacts the traders are 
able to exploit the crop's perishaility and offer low 
prices. One producer who tried to sell in Kampala in 
December 1992, a period when prices typically fall 
(Bashaasha n.d.), found the price did not cover the 
additional costs incurred. 

Where producers are smaller and more likely to 
harvest and sell piecemeal, rather than all at once, they 
a!most always transport the produce to the roadside or 
nearby market center. Transport is most often by head-
load, bicycle, or hired wooden wheelbarrow, and there 
is said to be no difference between the selling price at 
the farmgate or the roadside to take account of transpor-
tation. Producers either wait at the roadside for traders 
to come to them, or in some areas traders wait at 
strategic points on the road and buy from passing 
producers on their way to town. In town, producers sell 
sweetpotatoes to consumers, market retailers, traders 
who come from Kampala by train or road, and long-dis-
tance bus crews en route to Kampala. 

In districts closer to Kampala such as Mpigi and 
Masaka (see Fig. I), marketing channels are more es-
tablished. Often traders come to the farms, again with 
transport and labor, where they sort, bag, and transport 
the produce. There were rcports that fewer traders were 
visiting the farms, requiring the producer to transport to 
the roadside or local markets, probably because of 
greater quantities coming from other areas. Some 
farmers have links or informal contracts with local 
schools or institutions which provide them with a 
regular guaranteed outlet for their produce. 

Rural traders 

There are three main types of traders in the rura: areas 
who typically buy directly from the farmers: 

9 	Small market retailers buying mainly from farmers 
who bring produce to the market, and sell to con
sumers; 

e 	 Farmers and/or traders who buy from producers and 
supply nearby markets or transport to the main urban 
wholesale markets: and, 

Other intermediaries such as long-distance bus 
crews. 
All of these traders tend to deal in a range of 

different produce depending on the season, and during 
the peak season can market up to several hundred bags 
of sweetpotatoes per week. In Kumi, the number of 
traders buying sweetpotatoes -was said to have increased 
as supply and demand increased. Few barriers to entry 
appear to exist at this level with the main requirement 
being the ability to pay the market dues or local taxes. 
However, good contacts with individuals in urban 
markets are essential. 

There are no sources of formal credit available. 
Traders take produce on credit from farmers, borrow 
money from relatives and friends, or accumulate capital 
from other activities. One trader who had borrowed 
USh 1.2 million said he was paying USh 100,000 per 
month in interest. 

Prices are said to be set according to forces of 
supply and demand, strongly influenced by the prices 
prevailing in the Kampala markets and marketing costs. 
When buying directly from farmers, the traders 
negotiate the price just before sorting and bagging. 
Urban traders in Kampala markets can exert consider
able influence over rural traders, who may not get paid 
until these intermediaries have sold the produce and 
taken acommission. 

Urban traders 

Urban traders are wholesalers and retailers based in 
urban areas, particularly Kampala and Jinja, who buy 
directly from farmers or from other intermediaries such 
as rural traders or bus crews bringing sweetpotatoes 
from the producing area.;. 

Kampala is the largest urban center with a popula
tion of 773,463 in 1991, followed by Jinja (population 
60,979) (1991 census, quoted in Ministry of Finance 
and Economic Planning 1992). There are numerous 
formal markets in central Kampala operated by Kam
pala City Council (KCC); the largest and most important 
is Owino which acts as both a wholesale and retail 
market. Nakaseru is the main retail market and the 
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oldest market in Kampala, established in 1927. It is 
reported to have the best quality and range of produce, 
and also the highest prices. There are 14 markets in 
Jinja, operated by the City Council, managed in a 
similar way to those in Kampala, the main market being 
the Central market. 

The urban markets are managed by a Market Ad-
ministrator, appointed by the City Council, who is 
responsible for the daily operations and collecting 
market dues. Each market also has a Market Manage-
ment Committee comprised of traders and the Ad-
ministrator. The markets are divided into sections by 
commodity, and trader, apply to the Administrator for 
a stall or "pitch" in a particular section. Once this is 
allocated, a trader of sweetpotato, for example, cannot 
easily change to selling nmatooke, which requires the 
allocation of a stall or pitch in a different section of the 
market. The exception to this isin the retail markets such 
as Nakaseru where sweetpotato is sold with a range of 
other vegetable crops. 

Exporters 

There ire a small number of exporters of sweetpotato 
haed in the Kampala area who have contracts with 
certan large growers in areas such as Buganga, to the 
west of Kampala. These are firms which specialize in 
tIe export ofAsian" vegetables including sweetpotato, 
mainly to Europc. At harvest, they send their staff who 

Table 10. Sweetpotato exports (kg) by air from 
Entebbe, 1992." 

Month Quantity 

July 1,029 

August 1,528 

September 1,410 

October 1,134 

November 1,770 

December 1,91eCproduction 

Source: Nakazi, J. Plant Protection Unit, 'dAAIF 
(pers. comm.) 

"According to oth government officers and horti
cultural exporters. this data, which has been obtained 
fronm cuw oms declaration certificates, are thought to be 
unreliable 

select produce of the required shape and color, which is 
then boxed in the field (usually in 7 kg cartons) before 
being transported to the international airport at Entebbe. 
White-fleshed, red-skinned varieties which have oblong 
rather than a rounded shape, are demanded by the 
European market. Interestingly, in marked contrast to 
the Ugandan market, yellow-skinned varieties are not 
acceptable. 

The principal market for Ugandan sweetpotatoes is 
the United Kingdom (UK), with smaller quantities also 
being sent to Switzerland, Italy, Denmark, and Sweden. 
Details of exports of sweetpotatoes in recent months are 
given in Table 10. The main supplier of sweetpotatoes 
to the UK market is said to be South Africa which 
transports them by sea. European wholesalers usually 
request supplies from Uganda when there are shortfalls 
from the normal supplying countries. 

Urban consumers 

Urban consumers were interviewed in Kampala and 
Jinja to obtain some idea of the main food staples 
consumed, their preferences for staples and varieties of 
sweetpotatoes, and constraints to increased consump
tion. As has already been mentioned, other studies have 
shown that the income elasticity of demand for sweet
potatoes is positive, although low (World Bank 1992, 
Vaneras and Bashaasha, 1991). However, the 
1989/1990 National -ousehold Budget Survey showed 
that in urban areas, high-income families consume more 
matooke and potatoes than cassava and sweetpotatoes,
while the reverse is true for low-income families. 

A number of ccmmentators have noted that the 
habits of urban consumers are changing, with a gradual 
shift from matooke to more expensive but easily
prepared maize meal (posho). This supports Vanegas
and Bashaasha's (1991) finding that in many urban 
areas of the country, root crops are regarded as "poor
people's food". Unfortunately, no time series data are 
available which would confirm these changing food 
habits. These trends may also have been affected in 
recent years by the changes in cassava and matooke 

and their possible substitution by sweet
potatoes. 

Prices 

Given the high rates of inflation experienced in Uganda, 
Table I I shows the retail prices of the main staple food 
crops in constant (1987) prices. From the data presented 
there is little evidence of any significant trend in the 

-x 
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Table 11. Real price (USh/kg) of starchy staples and beans deflated by CPI (1987=100). 

Consumer priceRice BeansSweetpotato Dry cassava
Year Matooke Maize meal 

index (CP1) 

1986 5.3 7.5 3.8 3.8 31.7 6.6 70.7a 

1987 9.1 25.4 10.2 14.6 54.0 36.7 l0ow 

1988 8.6 25.2 12.3 15.2 61.8 30.3 296 a 

1989 11.6 55.8 13.8 18.2 65.7 35.2 478a 

1990 9.9 40.3 10.2 18.6 65.4 32.1 636b 

1991 9.8 35.8 12.7 15.5 54.4 29.0 8 15b 

1992 12.5 42.2 15.2 27.8 59.7 35.5 1242 b 

I993c 11.1 25.7 9.0 22.0 51.3 22.4 1635 b 

Source: Calculatedusing data from the Statistics Department 1993 and Ministryof Finance and Economic Planning 

1992. 
" Coniposite CPI. 
" 	 Kampala CPI. 

January 1993 figures are included for indicative purposes only. 

retail prices of the six locally-produced food crops since domestic market. Given the growing shortage of land, 
1987, apart from a slight upward trend in the price of future increases in rural incomes from food crop 
dried cassava8 The real price of most of the crops rose production will therefore depend increasingly upon 
steeply in 1989 and again in 1992. most probably as the technological change and gains in labor productivity 
result of the relatively low rainfall which adversely (World Bank 1992a). The need for an expanded 
affected output, particularly in the south and west of the programme of food crop research is therefore clear. 
country' during, 1992. Retail prices of the different starchy staples relative 

While the prices of food crops have generally been to those of sweetpotatoc s have remained remarkably 
maintained in real terms, cash crop prices have tended constant since 1987 (Table 12). The relative price of rice 
t fall. This has provided an incentive for farmers to has possibly declined slightly, although it would be 
shift intoi food ::rop cultivation. Thus the growth in the necessary to include observations from a few additional 
agricultural economy between 1981 and 1990 was the years before any trend could be confirmed. 
result of the strong growth in food production, at an 
annual rate of 3.3%, whereas the value of cash crop An analysis of sweetpotato monthly retail prices in 

output increased by only 0.9%. Kampala over the 1989-1992 period showed that there 
is a definite seasonal price trend (Bashaasha n.d.). The 

In marked contrast to the experience since 1986. lowest prices are recorded in June, the main harvest
future are an 	 period nationally. Prices peak towards the end of the

fuueprospects refor anincreased "softening"~ in the 
prices of food crops in general, with domestic market year due to the drying up of supplies and the increased 
demand forecast to expand only gradually over the next demand which is registered in the run up to Christmas. 
decade, influenced by changes in the growth of the 

1987 was chosen as the begining of the period of analysis because food markets throughout Uganda were severely disrupted by the 
war during 1985-86 (World Bank 1992). 
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Table 12. Price of starchy staples and beans relative to sweetpotatoes (%).a 

Year Matooke Maize meal Sweetpotato Dry cassava Rice Beans 

1986 1.39 1.98 

1987 .89 2.49 

1988 .69 2.04 

1989 .84 4.04 

1990 .97 3.95 

1991 .77 2.83 

1992 .82 2.78 

Source: StatisticsDepartment1993. 

"Price data is only collected in Kampala. 

Constraints to Sweetpotato 

Marketing 

Producer level 

During the study, 21 individual producers and two large 
group discussions, with a total of 69 farmers were held, 
at which they were asked to list and then rank the 
problems they faced in marketing sweetpotatoes. This 
ranking isgi yen inAppendix 2 and summarized inTable 
13 as the proportion of respondents mentioning each 
constraint, 

l.ack of or unpredictable markets isby far the most 
serious constraint producers face in marketing their 
produce, particularly reflected in low prices at times of 
peak supply which hve a significant impact on 
profitability. The lack of markets reflects the recent 
increases in the production of sweetpotatoes described 
earlier, leading to a glut at peak harvest times. Producers 
are therefore forced to sell at a loss, suffer physical 
losses, or both. 

Transport involves several issues including lack of 
transport from the farm to markets, the costs of hiring 
transport either locally or to larger urban markets such 
as Kampala. and transport unreliability resulting in los
ses either at the farm or during transportation becausc 
of mechanical breakdown. Pxr roads were occasional-
ly mentioned but, as a similar study found (Kristianson 
et al. 1992), not as often as might be expected. This 
problem may, however, have been underreported due to 
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1.00 1.01 8.37 1.74 

1.00 1.43 5.31 3.61 

1.00 1.23 5.00 2.45 

1.00 1.31 4.76 2.55 

1.00 1.82 6.40 3.14 

1.00 1.22 4.30 2.29 

1.00 1.83 3.92 2.33 

the limited geographical coverage and urban bias of the 

study. 

Perishability was noted as aproblem by 22% of the 
key informants, although none ranked it as the most 
important. However, it is central to the constraints out
lined above. The perishable nature of sweetpotato 
makes it a highly inflexible crop in terms of responding 
to unpredictable markets and oversupply, with substan
tial losses if it is not transported and marketed immedi
atelv after harvest. This increases the risks to producers 
from incurring additional marketing costs in order to 
benefit from higher prices further along the marketing 
chain. Traders take advantage of the product's limited 
"shelf' life which puts them in a strong position vis-t
vis producers. 

High market dues and taxes incurred in selling the 
crop away from the farm, combined with the greater risk 
involved in trading further along the marketing chain 
because of perishability, act as a barrier to small 
producers becoming more involved in off-farm sweet
potato commerce. The main costs are the market dues 
paid at organized market centers, which in some cases 
have to be paid whether or not the produce is sold, and 
a local municipal tax charged on produce leaving the 
district. 

Dishonest practices were reported in a number of 
cases. Traders took advantage of producers, particularly 
during times of glut, by procuring their sweetpotatoes 
on credit and never paying for them. 



Rural trader level 
major constraints to 

For rural traders there are two 

sweetpotato marketing, transport and perishability 
(Table 13). 

Once again the key issues are availability, high 
costs and unreliability of transport, and they apply to 
wholesalers rather than retailers. To transport sweet-
potatoes over long distances such as from Kumi to 
Kampala, traders usually hire "Tata" lorries from Kam-
pala at acost of USh 400,000-450,000 for one journey. 
These Ion ies carry up to 10 tor approximately 100 bags, 
and are often overloaded. Traders usually have to pay 
either the whole cost of hire or at least 50% in advance 
which, combined with buying and other marketing 
costs, requires substantial outlays of working capital. 
During the peak season, sweetpotatoes are also 
transported at night because of the availability of 

transport and the lower temperatures, which mean that 
the produce reaches the market in better condition. 

An alternative in areas such as Soroti and Kumi 
Districts is the recently-restored passenger train service 
which arrives from Kampala on Fridays and returns on 
Saturdays. This means of transport has cost advantages 
but also has a number of drawbacks inclutLing: 

The train does not arrive in Kampala at a time when 
the p;roduce can b- sold immediately, resulting in 
delays and !osscs. An alternative would be to or
ganize a special goods train, particularly at peak 
harvest time. with a timetable tailored to the needs of 
traders: 

The journey usually takes around 36 hours but it can 
take much longer with numerous delays; 

* The metal wagons generate considerable heat which 
accelerates the deterioration of sweetpotatoes and 
other produce. This could be minimized by organis
ing goods trains traveling at night, scheduled to 
arrive in Kampala in tile early morning ready for the 
wholesale markets; and, 
ITe off-loading point in Kampala is frequently 
changed, leading to confusion amongst buyers. A 
ch ane ntpoint toron fus i e would es.lA 
permanent point with storage facilities would resolve 
this problem. 

Perishability was also widely perceived as a con
straint. Given the perishable nature of sweetpotatoes 
any delays in transportation result in physical and con
sequently financial losses. 

Lack of available credit means rural traders must 
rely on borrowing from family, friends, or the informal 
sector and are therefore open to possible exploitation. 

High market dues and taxes occur because rural 
traders have to pay dues of USh 300 - USh 500 per sack 
when selling, and a local tax if transporting the roots out 
of the District. This latter tax is set by the District 
Council and varies by District, but ranges from USh 200 
to USh 300 per sack. 

Dishonest practices refers mainly to farmers mis
representing or mixing preferred varieties with less 
desirable ones. 

Table 13. Marketing constraints identified by producers and traders (%). 

Constraint 

L.ack of or unpredictable markets 

Transport 

Perishability 

High market dues and taxes 

Dishonest practices 

Lack of credit 

Competition 

QualitN 

Poor storage and market facilities 

Producer Rural traders Urban traders 

91 15 85 

61 85 31 

22 69 77 

17 23 

13 15 

23 

15 15 

31 

31 
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Competition involving an increased number of 
traders engaged in sweetpotato marketing and conse-
quendy increased competition was reported, probably 
because of recent changes in production. 

Lack of or unpredictable markets is less of acon
straint than at other levels in the marketing chain be-
cause rural traders tend to deal in arange of produce and 
are therefore more flexible. 

Urban trader level 

Urban traders were interviewed in Owino ( 16 traders), 
Kalerwe (2), Nakaseru (3). and Nateete (3) markets in 
Kampala and inthe Central market inJinja (9). The main 
constraints which they reported are set out in Table 13. 

Lack of or unpredictable markets relates to the 

and prices throughout ty ountry t prodction
parentbundanpre h ce h uthe country, as well as the 
parent abundance of produce in 19) 2 and its low income 
elasticitv of deand. 

Perishability is most serious at the urban level due 
to the deterioration which takes place as a result of the 
time involvedJ in transporting the produce to marke, as 
well as the damage during harvesting, bagging,transsortation, and handling, 


tnthat 

Transxrt is a much less significant constraint be-
cause most long-distance capacity originates in the 
urban areas, therefore urban traders are able to organize 
it relatively eiisily. 

Quality constraints, particularly as they relate to 
damage during harvest as well as insect damage, ari;e 
because of the higher price of produce further along th, 
marketing chain, and the greater influence which is 
exerted by consumers. In retail markets, where traders 
are more dependent on regular customers, they often 
have to replace the sweetpotato tubers which their cus-
tomer find to be diseased or damaged internally, 

Poor storage and market facilities is more of a 
constraint in urban areas where demand for such 
facilities is g,'eater and their availability is limited, and 
often in a fx)oi state of repair. In many cases, markets 
have expanded substantia!ly both in size and number as 
the urban population has increased. In several markets. 
there are "old or inier'"and "new or outer" areas. 

Competition, as with rural traders, the number of 
urban traders was said to have increased, with neA 
entrants being attracted by the opx)rtunity to make a 
profit. It was not clear during the study whether traders 

in Kampala were dominated by a particular ethnic 
group, which might act as abarrier to entry. 

Exporter level 

Some constraints facing exporters of non-traditional 
horticultural products identified by Kristjanson et al. 
(1992) are equally applicable to sweetpotatoes. These 
include the following: 

Buyer identification and market information/intel
ligence is the greatest constraint to exporting fresh 
produce because identifying a buyer usually involves 
visiting potential markets in Europe or the Middle East 
which involves considerable expense. Even traders 
wishing to export to nearby countries such as Kenya 

reported significant problems with formalities such as 
obtaining a passport. This reportedly can involve the 
need to make unofficial payments for apassport which
officially costs tJSh 5,0)0. Most exporters of "Asian" 
vegetables identify buyers through personal contacts, 

but are unable to verify their integrity. This often results 
in problems between the exporter and the consignee. 

Air-freight constraints involve airport delays and 
the number of carers of airfreight to Europe. Delivery 
requirements for cargo have gradually been relaxed, so 

produce can be delivered to the airport twelve hours 

in advance, rather than the 48 previously required. 
Therefore constraints on the movement of horticultural 
produce to overseas markets have and will continue to 
diminish as ihe number of scheduled flights to desirable 
markets increases. 

Banking and credit policies are aconstraint because 
the export of agricultural produce is considered to be a 
high risk by financial institutions, which normally lend 
to individuals with substantial security, usually in the 
form of property. Land is not considered to be good 
security because land titles are not always clearly 
defined and lengthy legal procedures are required to 
obtain possession. Furthermore, some banks are said to 
require letters of credit before approving working capi
tal loans, which are inappropriate methods of payment 
for the horticultural trade and are not used elsewhere. 

Consumer level 

Urban consumers in Kampala and Jinja were asked to 
rank the staple foods, with the first ranking being given 
to those which they had consumed in the largest quan
tities during the past year, and those which they would 
prefer to consume assuming no constraints such as price 
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differences. This ranking is set out in Appendix 3 and 
those which were ranked first by the respondents are 
given as percentages in Table 14 below. This informa
tion indicates a strong bias towards matooke both in 
terms of quantity consumed and as the preferred stople. 
This confirms previous reports on dietary preferen-
ces and information collected by the Household 
Budget Survey, as well as agricultural production data 
(Appendix I ). 

Table 14. Consumption (%) of and preference for 
staple foods. 

...... 
Food 

Mexplain
Most consumed Most pri ferred 

31 56 

Maize meal 31 0 

Rice 19 19 

Sweetpotatoes 12 19 

Potatoes 6 0 

Millet 0 0 

Although a positive but low income elasticity of 
demand suggests that there is some scope for increased 
consumption oi sweetpotato, consumers gave a number 
of reasons for not doing so. These included already 
eating enough; them not being a preferred food; or, only 
eaten to provide variety in the diet. Only once was itsaid 
that they were more expensive than other foods, and two 
consumers reported that if eaten too frequently they 
cause digestive problems and diarrhoea. Similar 
problems were reported by Bashaasha et al. (1993) and 
coiuld act as an additional constraint to increased con-
Sumption. 

Losses 

The perishable nature of sweetpotatoes means that los-
ses are experienced at all levels of the marketing chain, 
but little work has been done to quantify them. An 
attempt was made to establish the magnitude and causes 
oflhisses along the marketing chain by asking producers 
and traders to estimate the percentage of sweetpotatoes 
spoilt and identify causes. Consumers were not asked 
since it was assumed that produce is bought to be 

consumiu quickly, but a more detailed study should 
investigate losses at all levels. 

Because of perishability, the magnitude of losses 
will be directly related to time. Therefore, the more links 
in the marketing chain the more delays are likely be
tween harvest and consumption and the greater losses 
are likely to be. Althougi the figures inTable 15 are only 
rough estimates they do suggest that as much as 37% of 
production might be lost. If unexpected delays occur, 
for example from mechanical breakdown during 
transport, the levels of losses are much higher, and 
sometimes total. High levels of losses may help to 

inconsistencies between per capita production
and consumption, as well as the percentage of produc

tion marverej, that were highlighted earlier. 

Amongst producers, spoilt tubers are commonly 
fed to livestock, primarily pigs and sometimes cattle, 
although this can reportedly cause sickness, or used aF 
a mulch on the fields. One farmer in Masaka claimed 
never to suffer physical losses because he would rather 
sell at a financial loss, for as little as USh 1,000 per I W 
kg sack, than let the produce rot. One means of mini
mizing losses amongst producers in the drier north-east 
is drying, Although most traders said they threw spoilt 
produce away, some took it home to consume, or sold 
it for a lower price. 

Table 15. Estimates of losses (%) 4long the 
marketing chain . 

Marketing level Range Average 

Producer !evel 0-4 1:.5 

Rural trader level 0-30 10.3 

Urban trader level 0.1-30 37.3 

Total 37.3 

Table 16 shows the percentage of key informants 
giving principal causes of losses, and how these vary 
along the marketing chain. At all lcvels, delay in selling 
was given as the most frequent cause, due to un
availability of transport or lack of markets. Losses 
caused by exposure to sunshine or heat and damage at 

harvest become tre asuent more at the urban level, and 

level, as might be expectcd. 
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Table 16. Principal causes of losses (%). 

Rural Urban 
Producers 

traders traders 
Delay in sellg 

eling 73 46 85 

Pests and diseases 45 38 38 

Sunshine/heat 23 15 62 

Delays during transport 14 46 8 

Poor handlinL, - - 8 

Conclusions 


Transport-the issues are related to availability, 

reliability and high costs, which should be left to market 
forces and the private sector to resolve. The need to 
upgrade and maintain both rural feeder roads and main 
trunk routes is another aspect that requires constant 
attention. Greater use of alternative means of transport 

such as railroads is an issue that should be considered, 
most likely as part of a larger transportation or market
ing project. 

Perishability-this characteristic of swcetpotatoes is 

central to many of the constraints identified. If the crop 
were not perishable its timely harvest and transportation 
would not be such important issues. Research should 
focus on: 

T 	Accurately assessing levels of losses at all stages ofThe rapid appraisal earnied out cannot substitute for temreigcan 
it does provide amarketing chain. 

ore detailed, in-depth studies, but 

quick overview of the marketing system for sweetpotato 
and the constraints within that system. It enables a 
number o f conclusions to be drawn about the performance of the system and recommendations to be made 
asto the direction of future research, 

It has been widely reported that sweetpotato 

production increased substantially during the 1992 
season for a number of reasons, the most important 
being substitution for other crops such as cassava which 
was attacked by the cassava mosaic virus. This led to a 
glut and consequently low prices at peak harvest times. 

Marketing channels seem to be organized and 
responsive to variations in supply but face anumber of 

constraints, the impotance of which differ at each stage 
of the marketing chain. 

Lack of or unpredictable markets-this is the 

result of the recent increase in production and limited 

market amongst urban consumers because of preferen-
ces fr other foods, r mev matooke, and saturatedof

• o oas 
demand. Future research should be channeled into: 

A longer-term study to verify this reported increase 
in production, its extent, and sustainibilitv. 

Examining the technical and economic feasibility f' 
of
processing thetechnial into ewnlessfpaible

processing sweetpotatoes into new, less perishable 
products and by-products for human and animal con-
sumption. and possibly for industrial uses. 

Examining new markets for fresh sweetpotato and its 
products, particularly export markets in Europe, the 
Middle East and neighboring countries in Africa. 

* 	 Identifying varieties that are less perishable after 
harvest. 

* 	Identifying varieties that can be "stored" in the 
ground for longer as with cassava, thus extending theharvest period and evening out the fluctuations in 
S . 

* 	 Developing postharvest sturage technologies and 
techniques such as "curing" which is done with 
Solanumn potatoes. Some promising results using 
polythene bags were said to have been achieved at 
Kawanda Research station (S. Nandi, pers. comm.). 

Investigating the technical and economic feasibility 
of using cultural practices such as staggered planting 

and harvesting to reduce and even out production
 
gluts.
 

notThe lack of marketingto informationuis an issue thatis confined gweptt scmo 

throuhout the marketing chain, from producers to ex

trs.lhouh ack ofinfomatioa eer en 
information was never given
 

a constraint, man) traders requested information 
from the study team, particularly concerning new 

markets. The availability of accurate and tieinly market
ing information concerning price, supply and demand 
data would enable resources to be allocated more effec

ti ely by the different participants. Anumber of institu
tions exist whose functions theoretically include 
collecting market information. However, they lack the 
financial resources to function effectively. These in
elude: 

* 	 The Marketing Section of the Production Division of 
MAAIF 
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" 	The Planning Depa,-ment of the Ministry of Corn-
merce, Cooperatives and Marketing 

" 	The Ugandan Export Promotion Council 

* 	The Export Policy Analysis and Development Unit 
(EPADt!) of the Ministry of Finance and Economic 
Planning 

* 	The Association of Horticultural Exporters 

" 	The Honicultural Farmers Association 

There is a need for the information collected by 
each of these bodies to be coordinated, standardized, 
and possibly centralized to avoid duplication. It ,hould 
also be analysed and the results disseminated in a time!y 
fashion since the vaiue of market information depends 
on it being up-to-date and available. 

Although some of the constraints are particular to 
sweetpotato others such as the need for improved 
transport and infrastructure, greater availability of 
credit, and improved marketing infornia!ion are Com-
mon to many agricultural crops, and would require 
considerable rescurces if they are to be addressed in a 
sustainable manner. 
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Apendix 1. Production of staple food crops in Uganda, 1970-90. 

Year Sweetpotato Matooke Cassava Maize Finger millet Sorghum Beans 

1970 1,570 7,657 2.578 389 783 462 388 
1971 1,425 7,575 2,417 421 650 348 222 
1972 1,224 7,634 2,650 500 594 419 237 
1973 1,232 8,126 2,132 419 613 380 170 
1974 1,786 8,879 2,350 430 591 345 196 
1975 1,953 9,106 2.992 570 682 467 326 
1976 2,002 8,137 2.838 674 567 390 337 
!977 1,659 8.531 2,993 566 578 344 253 
1978 1,689 8,855 2.028 594 561 351 291 
1979 1,272 6,090 2.100 453 481 316 182 
1980 1,200 5,699 2,072 286 459 299 133 
1981 1,300 5,900 3.034 342 480 320 240 
1982 1,487 6,596 3,127 393 401 270 237 
1983 1,843 6,487 3,239 413 545 407 314 
19!',4 1.630 6.250 2,969 338 332 247 295 
1985 1,664 6,468 2,700 354 480 310 267 
1Q86 1.865 6,565 2,900 322 427 280 267 
1987 1,674 7,039 3,101 357 518 315 299 
1988 1,716 7.293 3.271 440 578 344 338 
1989 1,658 7,469 3,568 624 610 347 389 
1990 1,780 7,791 3,339 584 564 360 396 

Source: World Bank 1992, Volume III. 
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Appendix 2. Ranking of marketing constrains at producer level. 

Constraint Producer or group number 

I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Lack of or unpredictable markets I 1 I 1 2 2 2 2 I I I I 1 
Transport 3 2 3 2 I I I 2 1 2 
Perishability 2 3 3 
High market dues and taxes 
Dishonest practices 4 2 

/cont.. 

Constraint Producer or group number 

% Ranked % Ranked 
16 17 18 19 20 21 GI G2 overall first 

Lack of or unpredictable markets 1 2 I I 1 I 1 1 91 70 
Transport 2 2 2 2 61 17 
PerishabilitN 3 3 22 0 
High market dues and taxes 3 2 2 17 4 
Dishonest practices I 13 4 

Ranking of marketing constraints at rural level 

Constraint Trade number 

% Ranked % Ranked 
1 2 3 4 5 6 7 8 9 10 11 12 13 overall first 

Transport 2 4 3 1 1 1 1 1 1 2 1 85 23 
Perishability 1 I I 1 I 2 2 2 4 69 38 
Lack of credit 2 3 I 23 8 
High market dues and taxes 4 2 2 23 0 
Dishonest practices 4 3 15 0 
Competition 3 3 15 0 
Lack of'or unpredictable markets 2 2 15 0 

Ranking of marketing constraints at urban trader level 

Constraint Trader or group number 

%Ranked % Ranked 
1 2 3 4 5 6 7 8 9 10 11 GI G2 overall first 

Lack ,ifor unpredictable markets 4 3 2 1 I I 2 2 2 2 5 85 23 
Perishabilitv 3 I 4 I 4 2 I 3 1 3 77 31 
Transport 5 I 3 I 31 15 
Poor storage and market facilities 3 2 I 2 31 8 
Competition I I 15 15 
High market dues and taxes 2 5 15 0 
Dishonest practices 2 8 0 
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Appendix 3. Ranking of consumer consumption of staple foods and preferences. 

% Ranked % Ranked 

Most consumed food 1 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 overall first 

Maize mcal 
Maviokc 

Rice 
Sweetpotatocs 
Potatoes 
Cassava 

Millet 

I 

2 
2 

2 
I 
4 
3 

1 

3 
2 

4 

4 
I 

5 
2 

3 

1 

3 
4 
2 
5 

5 

6 
2 
4 
3 

I 

2 
3 

2 
3 

1 

4 

3 

1 
2 
3 

3 
1 
3 
2 

1 

3 
2 

4 

5 
2 
4 
3 
I 

4 
2 

1 

3 

2 
4 
1 
3 

I 
3 

22 
4 
4 

I 
3 

6 

81 
75 
63 

10 
50 
44 
13 

31 
31 
19 
13 
6 
0 
0 

Most preferred "ood 1 2 3 4 5 6 7 8 9 !0 II 12 13 14 

% Ranked 

!5 16 uverall 

% Ranked 

first 

.Varooke 

Sweetpotatoes 

Rice 
Maiie meal 

Cassava 
Potatoes 
Millci 

I 
2 

I 

2 

3 

I 

2 
2 
3 

I 

I 
2 

3 
4 
5 

I 

3 
2 
5 
5 
4 

I 

2 

4 
3 

I 

2 
3 
4 

3 
1 

2 

1 

2 

3 

I 

2 
3 

1 

3 
4 

2 

2 

1 

4 

4 1 
3 3 
1 
2 2 

3 

3 

I 

2 

4 

75 

63 
50 
63 

50 
38 
19 

50 

19 
19 
0 

0 
0 
0 
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IV. Products and Processing Research
 

Having analyzed the recent trends in production, marketing and utilization in the case of a 
particular commodity in a given country, the alternatives for new product and process develop
ment then could be assessed. Results of that assessment enable researchers to focus on particular
products or processes that have the greatest probability of success. This section begins by
outlining procedures to do this type of research. Experiences acquired with different products
and processes made from sweetpotato and cassava are presented in the subsequent papers. 

In order for a specific product or process to realize its full potential, a systems approach calling
into consideration a number of interrelated factors provides a useful framework. In Research in 
Support of Process and Product Development, Rupert Best, Gregory J. Scott, and Christopher
Wheatlev describe procedures for analyzing consumers' tastes and preferences, market structure 
in terms of the number of buyers and sellers and the supply patterns for raw materials as well as 
for conducting technical product and processing research. Some specific methodological tools 
like creating an idealized system for converting the raw material into the desired product, and 
the use of project briefs are also explained. Examples based on potato processing in Peru and 
Colombia illustrate the application of these procedures. 

Cassava i -.s the potential to help bridge the food gap in a number of countries south of the 
Sahara. However, full realization of that potential depends on obtaining more detailed informa
tion about the crop. In Commercialization of Cassava: Potentials for Production Growth in 
Africa, Felix I. Nweke analyzes three important issues: the percentage of output marketed, the 
effect of commercialization on production growth and the constraints to the commercialization 
of cassava production based on results of the collaborative study of cassava in Africa (COSCA).
The findings indicate that as much as 45% of production is sold. Furthermore, improvements in 
market accessibility lead to diversification in products marketed. High labor requirements for 
cassava harvesting and processing as well as poor market access infrastructure are among the 
major constraints to increased commercialization of the crop. 

The impact of different additives and varieties on such things as loaf v,,lme, taste, and texture 
is the focus of research by G. Eggleston and P. Omoaka in Alternative Breads from Cassava Flour. 
Raw or roasted soy flour, margarine with egg white, xanthan gum, and tuberous roots of the 
International Institute of Tropical Agriculture (IrTA) improved cassava elon'es were the key
ingredients studied. The resulting breads have acceptable organolyptic and keeping qualities as 
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determined by the trained taste panels of Nigerian consumers. Successful marketing of such 
breads will depend, among other things, on the supply of high quality cassava flour to bakers. 

In Solar Dehydration of Cassava for Production of Flour for Local Foods in Kenya, Jasper 
K. Imungi examines the feasibility of producing cassava flour using rustic tcchniques. He 
subsequently explores the incorporation of cassava flour in composite flours as a partial sub
stitute fo, maize or wheat flour. His findings indicate that solar dehydration is only feasible 
during the dry seasons. Cassava flour could be acceptably substituted in some products up to
50%, much less so in others. Future research needs to focus on the cost of production of composite 

flours and the market for such p-oducts. 

Instant weaning foods with high nutritional value are manufactured in Nigeria, but their high 
price makes them unaffordable to those potential users who may need them most. I.A. Adeyemi 
and O.L. Oke therefore suggest Cassava as an Alternative Raw Material for Weaning Food 
Manufacture in Nigeria as a means of bringing down the price of the final product. They point 
out that cassava has considerable promise in this regard. But, cassava-based weaning foods must 
be characterized from organolyptic, biochemical, nutritional, and rheological parameters in order 
to determine their commercial prospects. 

Peasant farmers in Burundi produce 650,000 t of cassava annually, but over 30% of output is 
lost due to the extreme perishability of the crop and the time-consuming nature of traditional, 
local processing tech,-.iques. In Introduction of GariMaking in Burundi, M. Beavogui describes 
efforts to introduce this product-consumed by millions in West Africa but unknown locally-
which can be made in a relatively short period of time and stored for a year or more. After two 
years of work including equipment design and the establishment of demonstration plants, eight 
private units which produce gari from cassava have been launched. Many other private 
entrepreneurs in Burundi are interested in this type of small-scale agribusiness. 

Rapidly rising population, an urbanization rate of nearly 8°', per anni.m and overdependence 
on maize as a basic staple have prompted interest in more intensive use of sweetpotato in 
processed form to help meet Kenya's m .'ihrooming urban food requirements. In Processed 
Sweetpotato: Responding to Kenya's Urban Food Needs, Njeri Gakonjo reports on the results 
of her survey to measure consumers' reactions to a variety of sweetpotato products including 
different color fresh roots, sweetpotato chips (crisps), a mah made from sweetpotato flakes, and 
inclusion of 15 sweetpotato flour in bread. She also analvzeus the economics of sweetpotato flour 
production utilizing a number of different assumptions regarding raw material prices, marketing 
margins, and selling prices. The findings are useful to the extent that they identify the most 
promising products from the consumer's perspective and those factors that need to be improved 
upon to optimize their commercial prospects. 

Food security in Africa is most often associated with satisfying quantitative or calorie di, y 
requirements. In Biochemistry and Utilization of Sweetpot4to for Animal Feed: Implir .ins 
for Food Security in Africa, Olumide 0. 'Tewe argues that animal protein must be included in 
human food to provide the essential amino acids in order to guarantee qualitative food security. 
He then goes on to analyze the results of feeding trials conducted in Nigeria in which sweetpotato 
was used as a partial replacement for maize in rations for bioilers, lavers, pigs, and sheep. While 
the findings are promising, they point to the need for renewed efforts in specific areas, for 
example, dehydration and ensilage to reduce bulkiness and perishability, so as to fully realize 
the potential for sweetpotato as an animal feed. 
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Nutritional evaluation of sweetpotato cultivars that abound in Kenya has not been the subject 
of much research at the national agricultural research stations. Given the sweetpotato's current 
importance and future potential in local diets, this issue merits more systematic attention. In 
Cooking Characteristics of 7hree Sweetpotato Cultivars Grown in Kenya, N.K.O. Ojijo and 
E.G. Karuri compare these materials for their chemical composition and culinary traits. Their 
findings indicate a noteworthy difference in nutritional constituents between the cooked cultivars 
and therefore, perhaps,the need to carrv out this type of analysis on a regular basis. 

Burundi consumers utilized 14,000 t ot wheat flour in 1990. Nearly all that flour was imported 
and 99 i was used for making bread. At the same time, each year Burundi harvests 650,000 t of 
sweet-potato, postharvest losses are high, and the roots are sold at one tenth the price of wheat flour. 
For these reasons, D. Berrios and M. Beavogui began Trials for the Introduction of Sweetpotato in 
Bread Making in Burundi. This work involved laboratory experiments as well as pilot production 
and a large consumer test. As the pilot production proved highly successful, the authors indicate 
that established bakeries have now taken over making the bread commercially. 

In The Use of Sweetpotato ii- Bakery Products in Cameroon, Adhiambo Odaga and Rose 
Wanzie document local efforts to substitute sweetpotato for imported wheat flour in a variety of 
forms. After numerous experiments and a series of trials in commercial bakeries both small and 
large, a dual-tracked strategy for sweetpotato substitution has emerged. Freshly grated sweet
potato roots are most appropriate for partial substitution for wheat flour in breadmaking. 
Sweetpotato flour shows greatest promise in the production of higher value baked goods such 
as cakes, doughnuts, and croissants. The combination of new uses suggests sweetpotato has 
considerable untapped potential in processed form in Cameroon. 
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Research in Support of Product 

and Process Development 

Rupert Best, Gregory J.Scott, and ChristopherWheatley 

Abstract 

Consumers' tastes and preferences, market structure in terms of the number and size of participating 
firms, supply patterns for raw materials, and the state of existing processing technology are all key areas 
for product development research. This paper describes procedures for realizing the potential for new 
products and processes based on a systematic review .fthe,e factors. Market and consumer-oriented 
research methods are discussed first given that demand-driven processing endeavors have demonstrated 
the greatest probability of success. Farmer-level investigations are considered next so as to not overlook 
potential supply-side obstacles to product develepment. Product and process research is then outlined in 
some detail. The paper includes two appendices that illustrate the use of the procedures presented. 

Key words: markets, consumers, farmers, processes, methods. 

Introducion 

Having identified a product that appears to have com-
mercial potential, and knowing where aprocessing pro-
iect could be located-an assertion based on the present 
and potential production of the selected commodity in 
a particular region, four critical questions need to be 
answered: 

What is the demand for the product?" 

" 	What are the key characteristics of raw material 
supply? 

" 	Isthere asuitable processing technoiogy available for 
producing the product to the desired quality standards'? 

" 	 Will it be profitable to produce the product? 

Some information may already be available to for-
mulate partial answers to these questions. However, 
before coninuing to the next product development step 
-- pilot scale operation, it is often necessary to under-
take research to generate additional information on 
which to base a sound decision as to whether or not to 
continue with the project idea as originally proposed. 

Two types of research are required: 

Market and consumer research to characterize the 

existing production, marketing, and consumption pat
terns of the selected commodity and of products that 
could compete with the contemplated product. The in
fo;ioation provided by these studies will highlight many 
of the socioeconomic, cultural, and technical constraints 
that will have to be taken into account in order to achieve 
success. 

Technical research to develop the product idea accord
ing to consumer tastes and preferent.es, and to design 
processing technology that isappropriate to the scale of 
operation envisaged. 

A S stems Aproach 
to Research Planning 

The first step in research planning is to create an ideal
ized system for converting the raw material into the 
desired product by breaking the system down into those 
different components that will have to be linked if the 

Leader. C&,sava Program, Centro Internacional de Agricultura Tropical (CIAT) A.A. 6/13, Cali, Colombia: Leader. Postharvest 
Management. Marketing Program. International Potato Ce".,cr (Cii'). P0 Box 5969, Lima. Peru, and. Processing specialist for 
sweetpotatocs for Southeas Asia, International Potato Center (CIP). c/o CRIFC. Jalan Merdeka 147. Bogor 161 11, Indonesia. 
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project is to be a commercial success. The system 
components will include: 

" 	 production of the raw material: 

" 	 processingL to transform the raw material into an end 

product. Often more than one processing component 
will be involved, with the raw material being trans-
formed into a primary product. such as flour or 
starch, which is then used as a raw material to manu-

factre he ina 	 ro-prouctthrugha seondryfacture the final product through a secondary pro-

cessing stage; 

" 	 marketing to make the product available to the con
sumer or client. Marketing. is often carried out at 
different levels. involving, for example, wholesalers 
and retailers; and, 

" 	consumption of the product by consumers and clients. 
1'ior the purpose of this approach, "consumers" refers 
to 	 the ordinary man or woman who buys food pro-
ducts for consumption; and -clients- refers to in-
dustries that purchase prjmary products derived from 
roots and tubers as raw materials for the manufacture 
(f 	products for human and animal consumption or 
h r industrial use. Consumers are a heterogeneous 
group who show markedly different food preferen-
ces and habits depending upon their socio-economic 
status. Clients are much more homogeneous in their 
requirements for a pailicular product. 

Many of the components of this ideal system al-
oeadv exist. Forexample, the geographical region where 
the project will be carried out will almost certainly have 
farmers that are cultivating the chosen commodity. Also, 
the potential consumers or clients of the new product
have tentativelybeen identified. What may be missing, 

according to the particular circumstances in the elected 
region or country, are the processing and distribution 
components. Even these components may be present it 
the project contemplates expanding the market of an 
already existing product through reduced production 
costs and improved quality or diversified end uses. 

Once the ideal system has been created it is a fairly 
str'ightforward exercise to enumerate the socio-econ
om ic, market, and technical issues that will need to be 
confronted for the system as a vhole to be viable. An 
exaninle of this approach is shown in Figure I which 
refers to a research project in Colombia on the produc-
fion and utilization of a wheat-ca:;sava composite flour. 
In this cas,, the objective was to link small-scale cassava 
farmers to the urban bakery product market through rural 
proces ,ing ()Icassava into flour. To facilitate the pro-
duction of the composite wheat-cassava flour, itwas 
proposed that wheat mills do the mixing for subsequent 

sale to bakeries using the wheat mills' own distribution 
channels. The missing component in this system is the 
processing of cassava into flour. However, as can be 
appreciated from the description of the issues to be 
researched, they were not restricted to those directly
related to the supply of cassava, its processing into flour, 
and the sale of the flour to the wheat mill. This holistic, 
systems approach is helpful in identifying possible con
straints that may not be immediately removable but 

should b tat aot a iveiated r ing t 
should be taken into account and investigated during theresearch phase. 

Characterizing
the System Component 
Once the various components that make up the system 
for producing the desired product have been defined, an 
analysis of the socio-economic and technical conditions 
under which the individual components operate will 
help to quantify and qualify the restrictions to estab
lishing the proposed processing industD. 

Market and Consumer Research 

Processing-particularly new processing initiatives
frequently raises many technical and economic ques
tions concerned with the production of these products. 
Perhaps for that reason, a tendency often develops to 
focus on solving these types of problems first and to 
worry about the marketing and eventual use of pro
cessed products later. The danger of this approach is in 
forgetting that the commercial success of processing 

depends more on what people will buy and how it will 
be used than on whether it can be made. A clear under
standing of narkeL/consumer requirements at the earliest 
phase of product development is therefore essential. 
This involves two complementary tasks: 

an inventory of processed products already available 
in the market; and, 

an assessment of consumer attitudes towards these 
products. 

Market research 

The three essential components of market research are: 

* 	 identifying the type. of processed products for sale 
and their characteristics, including where they are 
sold (e.g., marketplace, supermarket, shop, etc.): 
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Figure 1. Comi. site wheat-cassava flour (CF) system and the major issues for an integrated research program. 
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e 	 estimating the most important processed products by 
the volume and value of products sold; and, 

* 	 determining what factors impede expansion of sales. 

This information is intended to answer certain basic 
questions about the proposed processing activity. For 
example, will the processing create a totally new pro-
duct (because there are no others like it currently in the 
market place)'? Will it be a modified, improved version 
of existing products (e.g., appearance, package, size of
unit of ,ale ? Is there already a considerable vole Of 

ferlisimilar products being sold? Or. is there currently little 
interest in this type of product? According to whole-
salers, retailers, and consumers what factors are most 
important in discouraging greater sale/use of this type. p r c e , g r a n c o f 	pt~ dct p p ( ~e , u e ) ?p 
(If product (e.g., price, appearance, use)? 

It is fairly easy to prepare a list of processed pro-
ducts produced from a particular food crop based on 
visits to representative markets in a given place. There 
are simply not that many products available for each of 
the ma jor food crops. Still, one may be surprised to find 
more than one had imagined or was familiar with. This 
list of products should also include information about 
their respective characteristics, e.g., color, size, snape, 
type of package, size of unit of sale, price. "Represen-
tative markets" refers to the types of places people shop 
(e.g.. store. streetmarket, covered market, supennarket), 
not to a paricular location where people shop. It is also 
wise to visit intermediate users (e.g., bakeries, restau-
rants) as well as industrial concerns (e.g., flour mills, 
coInfectionary companies) to complete the identification 
of existing products. 

Casual conversations -ith retailers, wholesalers, 
and industrial users can sei - to clarify opinions about 
the marketability of different products. For example, 
could traders sell more if they could be supplied more? 
Is price the key factor influencing sales'? Appearance? 
Packaging? Such questions should be posed in amanner 
that reflects empathy, rather than aggressive curiosity 
The parties interviewed are also less likely to be put off 
by people who don't write down what they say in front 
Of them. A possible solution is to record these conver-
\ations immediately after leaving the premises. In the 
course of' this exercise, it can be extremely useful to 
compare the different opinions expressed to clarify ap-
parent contradictions, to identify common points of 
view, and to isolate genuine discrepancies. 

While there is no substitute for firsthand informa
tioIn of this type, it may also prove useful to consul[ 
specialized libraries or documentation centers to check 
for additional facts and figures. For example, an agro-

2X4 

industrial institute may have feasibility studies that focus 
on the type of proce&',sed products in question. The 
School of Food Technology at a iocal agricultural uni
versity may be another source. The relevant offices of 

the Ministry of Agriculture or the Agrarian Bank may 
also have useful data or be aware of similar attempts in 
the past that could be looked into. 

A word of caution is in order here about who should 
coliect this type of information. Many food technol
ogists and agricultural engineers (even social scientists) 
hlreadaoum hbaaotifraingteigitai
have a certain phobia about information gathering in 
offices and markets. These locations often require the 
ritual procedures of appointments, written explanations 
of what isrequired and why, or, in the case of the marketplcterpesnanoydtaidonsedo

la ce , th ey repre sent a no is y , d u sty , a nd con ge ste d c o n 
1 

trast to the relative tranquillity of a farmer's field or a 
science lab. Nevertheless, people who work on process
ing-related, agricultural research have special qualifica
tions for this type of information gathering. They bring 
with them their accumulated knowledge about farm 
commodities and processing techniques. Finding out, 
for example, how the market works (e.g., who buys 
what, at what price, in what quantities) may be mun
dane; but, why it works in such fashion can be positively 
enlightening. The specialized knowledge of these indi
viduals puts them in a much better position to evaluate 
the reasons offered and perhaps probe areas less well
tra'ned interviewers mighlt never have asked about. 
Results of the market survey provide the basis for 
conducting interviews with consumers. 

Consumer Research 

Consumers are key decision makers in the development 
of simple processing. Theirtastes and preferences influ
ence the type and quality (color, shape, size) of the 
products most likely to find ready acceptance. Their 
purchasing power helps to determine the quantity of 
such products that can be sold. Hence ;ny prospective 
processor would do well to take consumers' opinions 
into consideration prior to launching full-scale produc
tion. After a brief statement of the objectives and justi
fication for consumer research, this section describes 
some simple procedures on how to go about this. Ide
ally, the same individuahs) who carried Out the litera
ture review and m.iarket survey would also undertake this 
research. Knowledge acquired in prior activities is then 
directly incorporated into this component Ifthe study, 
sharpening the focus while extending the coverage. 

The objective of consumer research is to establish 
the level (f consumer awareness Oif processed products: 
whether they are consumed and if so, with what fre



quency; how consumers characterize the products, pos-
itively and negatively: and what the consumer would 
like in a new product. Product description includes 
form, flavor, preparation time, storage characteristics, 
and price. i, should be noted that the type of consumers 
interviewed will depend on the product. For example, 
processed products for restaurants or industrial use 
would require contacting restaurants and industrial buy-
ers, not household consumers, 

for consumer research.various reasons 

This process aims to distinguish those types of products 
that have the greatest-or least-potential because they 
are/are not desired on the basis of one or more attributes 
such as taste, appearance, or use. Similarly, it attempts 
to discover those that are the most/least affordable. Such 
research also seeks to identify those characteristics that 
are most desirable in existing products or that because 
ot" .heir presence, e.g., pcxr quality control or unattrac-
tive appearance, discourage greater consumption. For 
example, a prospective processor wants to produce in-
dustrial starch, but contacts with possible future clients 
point to the inexpensive price of currently available 
substitute products due to a cheap raw material price. 
Most people can readily think of an example of a new 
product that was supt,)sed to be widely accepted, but 
then turned out to be a complete failure. 

There are 

Consumer interviews may be carried out in an 
informal fashion, i.e.. without a wiUten questionnaire; 
with or without a list of topics to bc covered: or utilizing 

"fable 1. Questions for consumer research." 

a survey form. The latter facilitates collection of quan
titative responses, e.g., by imposing standard units of 
measure, and more extensive amounts of information. 
The former is by definition more flexible. Whether one 
procedure is more appropriate than the other will depend, 
among other things, on the number of processed pro
ducts that questions are to be asked about; the amount 
of information already available in the literature or 
through the market survey; and the experience of the 
researchers in conducting informal interviews. 

Both procedures involve considerable advance prep
aration to specify the questions to be asked or topics to 
be addressed and the way they should be phrased to 
avoid confusing the persons interviewed. Table I pre
sents a list of questions for consideration in this regard 
(see also Appendix A). Prior to launching the data 
collection process, it is particularly important to con
sider how the data will be processed and written up (e.g., 
are there too many questions to enable ready analysis'?). 
Pre-testing of the questions both on members of the 
research team and on actual consumers can also be 
extremely useful in minimizing problems of misinter
pretation or repetition. 

One of the most important aspects of consumer 
interviews is to remember that it is a pilot survey. In 
other words, the results gathered are intended to be 
indicative, rather than definitive. This characteristic is 
particularly relevant when considering size and compo
sition of the sample of consumers to be contacted. 

Key questions for consumer research (by type of processed product under consideration) include the following: 

* 	 What is the current level of annual food crop. e.g., 
rice, wheat, potato, consumption per capita'? 

* Does it vary by income group? 
* 	 What is the level of consumption for processed 

products 
* 	 Does consumption oit processed produc!:, vary by 

income group. 

" Does consumption of processed products vary by 
season? 

* 	 What are the principal types of processed products 
purchased by consumers? 

* 	 Where do they purchase processed products? In 
what form? and at what price (per weight)'! 

* Do consumers consider such products nutritious? 

0 Do they consider the',e products filling? 
• Are processed products considered tasty? 
* 	 Do consumers feel that processed products are of 

attractive, lhygienic quality? 
Are the available processed products of the 
desired size, color, weight (units of sale)? 

In the consumers opinion, do processed products 
keep well? 

. Are processed products easy to utilize in cooking 
or pieparation? 

, Do available processed products have different 
uses, e.g., can they be utilized in various dishes? 

. Are such products considered inexpensive? With 
reference to what substitutes? 

"This 	 list sh rhomenos exhaustive. Sec also Austin 1()',2:205-222) for additional ideas. 
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Rough guidelines in this regard would be no more than 
200 consumers and no less than 50. Any more than 200 
raises a series of questions about the time available to 
do the interviews, analyze the data, and write up the 
results, as well as the infrastructure required for pro-
cessing the data. A sample that is too small raises doubts 
about its representativeness and also preempts much 
meaningful comparison between the different types of 
consumers interviewed, 

It is essential that the consumer interviews be done 
with a cross-section ofindividuals reflecting differences 
in incomes or a proxy for incomes such as place of 
residence. For.example. obvious distinctions between 
lowv-, middle-, and high-income housing areas are easy 
to identity in most cities in developing countries. The 
literature should also provide some help in this regard. 
13, interviewing different types of consumers, not only 
are the current consumption patterns of different groups 
identified but alsii some appreciation of the potential for 
change teg., should incomes rise) can be detected. 

flow (foes one actually select the consurners to be 
interviewed? One prx:cedure that was used successfully 
in L.ima, Pert,, was to interview people who were in the 
act of buying processed products. In other words, those 
contacted prtobably consumed the articles in question 
and hence had some opinions to express aboiut them. 
Furthermore, if luestiois are to be asked about several 
items, a simple display of the products to be discussed 
can both arouse curiosity (hence make consumers eager 
to he interviewed) and ensure that the names and pro-
ducts that they refer to are not confused. Once h. 
int-'rviewi have been conducted, it becomes a question 
of reporting the re,"'.. The example in Appendix A 
illustrates the use of a market survey and consumer 
interviews to evaluate the market potential of processed 
pro ducts. 

Farm-oriented Research 

In addition to having to know who might buy the 
processed product, the processor has to he sure that the 
raw material can be obtained for processing and at a 
rcasonihle price. One objectivc of fartn-oriented re-
search is to estahlish what supply patterns exist and 
whether price movements are such that growers will be 
sntcre,.ted in selling to a process, r or consider proces,;-
Ing themsceles as in alurnative outlet for some/all of 
the crop. .\nother i , to acenun k hether processors can 
easily pr curc ,ufficient quantities of raw material to 
justilfv establishing a processing facility. At this stage, 
such i,.sues as the quality and uniformity of' supply, a. 

well as assembly and transportation costs, must be 
considered. 

Agricultural supply is naturally cyclical while the 
demands of a processor are stable. Thus processors have 
to balance the seasonal availability of supply with the 

steady raw material requirements of their plant and 
facilities. In some cases, depending on operating costs 
and returns per production unit, processing can profit
ably be undertaken during only a few months a year; in 
others, year-round operation may be needed to earn a 
profit. 3lternatively, growers may already have a ready 
outlet fkir their produce even in the peak larvesting 
period; or they may have only occasional difficulty 
selling their crop. 

The purpose of farm-oriented research is to deter
mine commodity-supply patterns by seasons, varieties 
planted, experience of producers, and postharvest prac
tices such as grading for size and quality, and the typical 
uses for these grades. This research also establishes 
producer preferences for varieties and the reasons why, 
thereby acquiring information from farmers on varietal 
characteristics and performance. The potential proces
sor also has interest in the type of varieties available (or 
potentially available) in order to obtain desired process
ing characteristics. Growers' marketing habits are also 
closely examined: marketing channels, their seasonal 
stability, typical buyers, and traditional arrangements 
for payment. Once present conditions are mapped out, 
then the research explores the potential for change to 
include/expand processing. Finally, constraints that the 
producers may have in producing or marketing a pro
cessed product may also be analyzed. 

In carrying out farm-oriented research, it is partic
ularly important to interview different types of repre
sentative growers. Small, :ubsistence growers may have 
minimal surpluses to sell and hece a limited interest in 
commercial processing. Just the opposite may apply to 
growers who seek to maximize proits. The research 
should aim to measure the interest of both ty,"s. 

Methods for farm-oriented research include a syn
thesis of secondary data, a review of available literature, 
and primary data collection. Information on the annual 
voltmne of crop production in a particular region, depart
ment. or province can usually be obtained from the 
Ministry of' Agriculture or the National Bureau of Sta
tistics. Comnmodity programs usually have data on 
planting and harvesting dates. The size of different types 
offarme;s and their importance as agroup in accounting 
fIor total production can be estimated from the agricuI
ural census or by synthesizing the results of previous 

296 



formal farm surveys. Producer prices for specific crops 
by calendar year (or month-to-month) are often avail-
able from the Ministry of Agriculture. Analyzing this 
information may be sufficient in itself to identify or 
eliminate certain crops or areas as the most likely cur-
rent possibilities for processing. For example, perhaps 
Region "X"produces very few sweetpotatoes and prices 
for this commodity are always quite high. It is thus 
unlikely that there would be much immediate interest 
on tile part of growers in sweetpotato processing. 

In the event that this analysis suggests strong pos-
sibilities for particular fxdstuffs in a given location, 
then it is advisable to check relevant research centers, 
e.g.. university libraries, agro-industrial institutes, to 
review the avaiilable documentation on previous, farm
level attempts to introduce (or improve) processing 
activites. This search may well uncoverongoingexper-
ments or piloi projects that have proven unsuccessful 

that mcrit closer examination to comprehend their op
eratiu rationale, track-record, and any major con-
straints cncountered. 

A third Crmponent of farmer-oriented processing 
research is contact with growers themselves. The pur-
pse of this exercise is to sound out growers' opinions 
and listen i the reasons for their stated views. Methods 
for o)htaininL this type of informatioo may be formal or 
in ormal. The larlerthe numberof possible alternatives, 
the more preci ,ethe quantitative information required, 
then the more likely that a forma; -urvev mav be nects-
,ar\. The extent to which the range of processing pos-
-,,ilities has been narrowed to one or two, e.g., through 
analy,,is of secondary data, may make formal interviews 
onnecces sar 

If the informal approach appears most appropriate, 
c en tle time and resources available, several recom-
inendations are in order. Consult the literature on how 
h,carrv Mut such appriisals (see e.g.. Rhoades 1982: 
Khon Kaen ( niversitv 1987) and to be aware of their 
,trengths and weaknesses (see e.g.. floltzman 1086). 
I-or the relatively less-experienced researcher. it iP,proh-
ably advisahlc t()memonze a list of specific topics itf 

1MI quest iins to [N)se to gnr)we-s inthe course of these 
Casal con'ner sations Carcfu!iv recording the results of 
thee inter%icy. ,and contrasting them with the opinions 
(f technical specialists, owner-operators ()! existing pro-
,.es,,inu L:ilitr,,,may serve as acheck/point oflcompar-
sinrihhc i lews expressed by growers 

\ toirmal farm survey is another opticn. Horton 
1.82 suggests a framework for evaluating the appro-

priateness ,0'this approach as well as some practical 

suggestions on how to implement it. A few words of 
caution are in order here. Sample size should be kept 
below200. Half that number may be sufficient, depend
ing on the number of locations to be visited and the type 
of farmers to be contated. Minimize the amount of 
information requested, i.e. check through the proposed 
questionnaire to be sure w'iat is being asked is what you 
need. Be sure to pre-test the questions so that you are 
certain that they are readily and correctly understood. 
Finally, think through the process ol data analysis as 
well as data collection so that completed survey forms 
can be processed rapidly and the results written up in 
the minimum amount of time necessary. The example 
in Appendix B illustrates the use of a formal question
naire to evaluate processing potential. 

Developing the Product and 
the Process for Its Manufacture 

This section looks into aspects related to tech,,cal re
search that will ersure that the product meets the expec
tations, in terms of price and quality, of the consumers 
or clients that are going to buy it. Two closely related 
activities are involved: research on the product itself and 
research on the process that will be used to make tle 
product. At this point it P:worthwhile differentiating 
between two types of product: first and second genera
tion products. 

The term "first generation product" refers to a pro
duct resulting from what may be described as primary 
transformation or from a process ,fselection, treatment, 
and packing. ExampleF, of first generation products 
derived from rcots and tubers would be flour and starch 
and also fresh roots that have been selected, treated, and 
packed in order to improve their presentation and pro
long their shelf life. 

in the case of flour and starch, these products are 
often used as raw materia!s in secondary transformation 
processes, which give rise I;. second generation pro
ducts. These secondarv processes may include the ad
dition of other ingredients, as in the case of balanced 
aniMal feed rations or the production of composite flour 
fur example, while maintaining the same physical char
actenstics of the ingredients or involve biochemical or 
physical modifications to the raw materials through 
cooking, extrusion, fermentation, etc. 

The Project Brief 

With the information that has been gathered thus far, ii 
is now possole to draw up a detailed proJect brief, 
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giving a well-defined specification of the product and Product and Process Research 
its physical attributes, the raw material, the processing 
and packaging requirements, and the intended market
ing methods and consumers to be targeted. Examples of Produc! and process research can be broken down into 
two project briefs are illustrated in Table 2. The project two stages. 
brief, as well as giving a short summary of the project 
in its entirely, helps to identify the areas that require * Developing a prototype product on a lab- or bench
in-depth research or experimentation. As can be ob- scale, 
served, a number of technical options exist and these 
options will need investigating to decide which is the * Producing the product with prototype equipment under 
most appropriate. experimental conditions. 

Table 2. Project briefs for two cassava products. 

Dry cassava for Fresh stored cassava fcr 
animal feed direct human consumption 

The product 	 A carbohydrate source in the A fresh cassava root product 
form of dried cassava chips for of high quality with a 
incorporation into balanced feed storage life of up to two 
rations to compete with tradi- weeks. 
tional carbohydrate feeds such 
as sorghum and maize. 

The raw material 	 Cassava roots with high dry matter Cassava roots, selected by 
and low/intermediate cyanide size and eating quality. 
content. 

The processing 	 The roots will be washed, chipped The roots will be treated to 
and dried by either natural or suppress physiological and 
airtificial means. The processing microbial deterioration. 
will be carried out by farmers' Treatment and packing will 
cooperatives or small- to medium- be carried out by farmers' 
scale agro-entrepreneurs. coops or assembly agents. 

The packaging 	 The dry root chips will be packed The roots will be packed 
in 50-kg sisal or polypropylene according to type of market 
sacks. Closure of the sacks outlet. Polyethylene bags, 
will be performed manually or by plastic crates and wooden 
machine. boxes are options. 

The marketing 	 The dried chips will be sold The stored cassava will be 
directly to animal feed concentrate sold through supermarkets 
companies or to livestock pro- and local neighborhood 
ducers. Promotion emphasizes high shops. Promotion will 
starch digestibilit). availability emphasize freshness and 
and relative cost. storability. 

The consumer See marketing above. Consumers will be families 
from all socio-economic 
groups, favoring those with 
po-r market access. 

Source: Adaptedfrom Anderson and Earle 1985. 

/';
!
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In the firm, stage, the focus ison trying to achieve 
an acceptable product in terms of its physicochemical 
properties and, in the case of foods, organoleptic char-
acteristics. For foods, therefore, a taste panel is an 
essential element for checking the product's accept
ability. Inthe second stage, the focus is more on select-
ing and developing suitable prototype equipment that
will then be incorporated into the pilot plant. The fol-
lowing are some of the most important areas that need 
to be taken into account. 

Characterizing the 
Small-scale Agro-industrialist 

One other vital piece of information may still be lacking 
at this stage; that iswho isultimately going to invest inthe process to manufacture the chosen product? In most 

situations there will be anumber of options depending 
on the circumstances, and at this stage it may not bepossible to select any one of them. In asituation where 
tepose to ectprnyone othe .arktatioan wet
the purpose is to improve the marketability of an ex.ist-
ing product through reduced production costs or ir-
provedfactors 
where it isnecessaryoptiheto establish anew product, thereare ollo ingns:creased 
are the following options: 

" an existing agro- or food industry takes on the manu-
facture of the new product. This possibility would 
come to light during the market research. This option
would be most appropriate for second generation 
products that will require acertain level of skill and 
experience to achieve the desired quality charac-
teristics; 

* 	 an entrepreneur, no necessarily with previous agro
industrial experience, invests in the process for man-
ufacturing the product. If entrepreneurial groups can 
be easily identified (associations of food manufac-
turers or growers' federations, for example), thenthrough them it may be possible to identify interested 
parties. Also, their involvement from an early stage
would be important; and, 

" 	processing is undertaken by farmers' organizations 
such as associations or coops. If these organizations
already exist and have many years of experience,
they are an ideal alternative given that they will have 
directcontroloverthe supplyofraw material and will 
also have the required managerial and administrative 
capability for taking on anew venture. On the other 
hand, it may be necessary to form afarmer organiza-
tion around the establishment of a processing ac-
tivity. Inthis case first generation products are nor
mally the most appropriate, at least in the initial 
stages. 

A tentative idea about which of these alternatives 
will be the most appropriate is important because this 
may markedly influence the selection of technology for 
the manufacture of the product. 

Raw Material Characteristics 

The physical/mechanical characteristics and the chemi
cal constituents of root and tuber crops were presented
earlier (Scott 1991 ). The type of processing technology 
used will depend to a large extent on these charac
teristics, and the end product will be the result ol this 
interaction between raw material and processes. To take 

a simple example, a root crop with a high dry matter content (40% +) can be successfully dried at low cost(nt dryi n e wheres a t o cosr(natural drying, etc.); whereas a root with only 15% drymatter will obviously take longer, require more sophis
ticated drying conditions and equipment, and/or be of 
ticaed ding conitIn a e en, orofpoorer final quality. In general, the economics of pro
cessing improves with in.icasino dry matter or starchcontent; that is, fewer tons of raw material make atonof end product. The rsence of toxic oranti-nutritional 

may necessitate extra processing steps or in
crs mycessite eltrce tep inprocess rime to eliminate/reduce them too ac

ceptable levels. 

The non-uniformity of size of some roots and tubers, 
especially cassava, poses problems for initial process
ing, especially peeling, which is very inefficient. Roots 
can be graded by size before peeling, but this represents 
an additional labor cost. Hand peeling is highly labor 
intensive and uneconomical in some areas, although it 
can be auseful source of employment in others. 

The specifications for raw materials that must be 
available at the end of this stage will be those that, when 
combined with the processes as developed here, give a 
product of the required quality. If the specifications aresuch that only asmall percentage of the harvested roots 
and tubers fall within them, then either agood market 
must exist for reject roots or a sufficiently attractiveprice must be paid to farmers to encourage sales to this,
for them, difficult market. 

Product Quality 

A clear idea of the end product, its characteristics and 
quality will be available from previous consumer and 
market studies, summarized in the product brief. In 
addition, there may be legal standards (e.g., for foods)
that must be met. 

Both raw material and the process determine end 
product quality, and it is important to identify those 
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aspects of both that are crucial to meeting the quality ment is most suitable to farmer groups. It is important 
requirements at an economic cost (Table 3). 

During initial experimentation, it is important to 
monitor end product quality as well as process efficien-
cy. Those quality characteristics to be evaluated will be 
those that will affect the product's appearance, organolep-
tic properties, hygiene, and performance in use; that is: 

* chemical composition; 

" functional properties; and, 

" "use" characteristics (storage time, etc.). 

In order to obtain satisfactory end product quality, 
to adjust process conditions and 

it will be necessary 
select appropriate raw materal. 

Determination of 
Technology and Equipment Selection 

If the objective of the product development project is to 
benefit small farmers through market expansion and 
employment generat'on, the equipment chosen for root 
crop processing must be appropriate for use by such 
groups. In a research situation, it is tempting to opt for 
technologically sophisticated processes even though 
simpler options are frequently available. However, the 
latter have the advantages of local construction (gener-
ating more employment); few if any imported parts, 
which can cause bottlenecks later if spares are required; 
and, are straightforward for farmer groups to operate 
and perform basic repairs and maintenance on. The 
scale of technology isalso important: small-scale equip-

to identify thecapacity of each piece ofequipment/oper
ation in order to identify bottlenecks in the process. The 
plant should, however, be designed with future capacity 
expansion in mind; for example, the distribution of 
equipment, size of initial infrastructure, and capacity of 
certain key items of equipment. 

For equipment design and testing, it is useful, ini
tially, to consider similar equipment in use locally for 
other agricultural products. These will need adapting to 
the specific characteristics of root and tuber crops; but 

the local materials used, the sources ofpoweremployed,
and the design of the equipment made locally can be 
helpful in defining some of the process options. 

Equipment design is a specialized activity, and 
projects will need to include capable people in this field. 
Frequently, this specialization (mechanical engineer
ing) is not found within the national agricultural or 
development institutions. Itwill be necessary to include 
in the project an institution that does have this capacity 
(e.g., university, industrial research center). 

The design and prototype testing of small pieces of 
equipment (chippers, driers, mills, etc.) has proved to 
be an excellent subject for student theses. 

Finally, a wide range of small-scale processing 
equipment has been designed in the recent past for root 
and tuber crops, by both international and national 
research and development (R&D) institutions. It is im
portant to thoroughly review the available literature in 
order not to re-invent the wheel in each project. 

Table 3. An example of assesing product quality requirements. 

End product quality 

Dry matter < 14% 

Low microbial counts 

Fiber content < 3% 

Protein content > 5% 

White color 

Process 	 Raw material 

Drying natural? Artificial? 	 High dry matter content 
needed
 

Hygienic conditions, water Absence of pre-harvest 
treatment, rapid drying roots, etc. 

Peeling, sifting 	 Age at harvest, variety, 
environmental conditions 

Fermentation 	 Variety 

Sulphiting, rapid drying, Variety 
removal of impurities, water 
treatment, rapid postharvest 
processing 
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Taste Panels 

Lab analysis of the experimentally produced end product 
can indicate if the product meets the quality specifica-
tions desired. However, only tests carried out with "real 
people" can tell if the more subjective aspects of quality 
are satisfactory. The perception of taste, aroma, feel in 
the mouth, texture, etc., are all crucially important in 
determining consumer acceptance of food products. It 
is essential to obtain some evaluation of these quality 
aspects during the research phase to ensure that an 
acceptable product is being developed. 

Two types of situations can be used to evaluate 
organoleptic quality: taste panels in controlled condi-
tions and consumer panels (at-home use tests), 

In the lab situation, taste panels provide a "scien
tific," controlled environment in which the subjective 
nature of this testing is made as objective as possible. 
The panelists can be highly trained people with sensitive 
organoleptic capabilities, who meet on a regular basis 
to evaluate samples. A special e:vironment with con-
trolled lighting and samples presented in random order 
permits the reduction of human and other errors. How-
ever, itis not essential toconstructaspecial facility. Any
quiet, well-lit area will suffice. It is important to select 
the panelists carefully. This requires more than just 
gathering thz lab workers for half an hour every week, 
but selecting a group of people who are both repre-
sentative of the local or target population and who have 
agood sense of taste, smell, etc. (This can be tested with 
preliminary screening based on presentation of sweet, 
salt, bitter, and acid solutions ofdiffering concentrations 
for identification and ranking.) Preliminary group dis
cussions can help to reach a consensus on the quality 
characteristics to evaluate. The scales used for evalua
tion should be clear and simple to understand. 

Many examples exist in the literature which can be 
followed (see e.g., Watts 1990). The statistical analysis 
of results is important; the method used will depend on 
the evaluation scale chosen and the experimental design. 

Taste panels can be used to evaluate: 

* 	 intensity ofdifferentqualitycharacteristicsofa food; 
e.g., sweet taste-little ... very intense; 

" 	 intensity ofquality characteristics relative to a stand-
ard; e.g., much sweeter than X; 

" 	acceptability of a food; e.g., very acceptable ... not 
acceptable; 

e preference of a food, relative to standard; e.g., prefer 
X to Y; and, 

* hedonic evaluation; e.g., like ...dislike. 
Consumer testing of products. Although food pro
ducts can be evaluated in a lab setting, in the end they
will be prepared and consumed by ordinary consumers 
at home. At later stages in the research process (and
certainly during pilot scale operations), the product 
must be tested in these more varied environments. Con
sumers' methods of preparation (use of other ingre
dients, cooking times, etc.) will vary greatly, as will 
their perception of foods and their individual preferen
ces. The results of this sort of evaluation will, therefore, 
be the summation of a series of factors, for example.
giving an overall like/dislike acceptability rating, or a 
purchase intention. 

Because variability is so high, it is important to 
include a relatively large number of consumers. The 
sample should be representative as regards income level,
rural/urban areas, family size, etc., to ensure that the 
composition is similar to that of the oerall target popu
lation. Inurban areas, census data can be useful to guide
this 	operation. Consumer tests that take place in an 
at-home environment can be very time consuming to 
organize and run. Repeated visits may be necessar),
drop-out rates high, and instructions (e.g., dates for food 
preparation) may not be followed. In some countries, it 
can be difficult to obtain adequate participation by upper
income households. The number of different samples 
that 	can be tested in this way is very limited, and it 
should only be contemplated at the end of the research 
phase. 

Packaging and Shelf-life Studies 

Again, once the product is nearing the end of the re
search process, packaging and shelf-life studies will be 
needed. Consumer and market research should provide 
information on the storage time necessary (i.e., shelf life 
in shops and homes for consumer goods; storage time 
before further processing for industrial goods). Other 
relevant information from consumer studies are: 

•package size; and, 

* 	 storage conditions, at home and in store, etc. 
Some initial storage trials in a range of package 

materials in typical storage conditions can then be eval
uated for: 

* 	changes in chemical composition, functional proper
ties; 
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" 	changes in appearance, especially color; 

" 	 changes in organoleptic characteristics (use taste pan-
els); and, 

" signs of insect infiltration, microbial contamination. 
then be used to design the best 

These results can 

package, considering stability of the product over time 
and the cost of the materials involved. Packaging costs 
should enter fully into the pre-feasibility study and 
should include those of printing logos, instructions, etc., 
on the package rather than using a plain box or sack, if 
this is envisaged, 

Feasibility Studies 

Reference is made here to two types of feasibility studies: 
the pre-feasibility study and the feasibility study'. The 
objective of both types of study is to provide the tech-

nical, economic, and commercial information necessaryto make an investment decision. These studies should 

define the production capacity of the proposed plant, the 
proposed technology or technologies to be used in pro-
cessing. the raw material inputs and the total investment 

cost. the production costs, and sales revenues and returns 
on investment (Wilkinson 1985). 

The essential elements of a feasibility study are: 

* 	 production specifications; 

" raw material compositions, quantities, and costs; 

" 	 processing methods; 

* 	 proj .ct engineering development; 

* 	dev.]lopment costs; 

" 	 plant capacity-

" 	 plant equipment: specifications and costs; 

" 	 Plant layout;, 

* 	building design and costs; 

* 	 total investments costs; 

* 	 processing operations including manpower; 
* 	 plant organization and overhead costs; 

•operating costs and total product costs; and, 

9 	 Financial evaluation. 
The market and consumer studies and the research 

carried out on the product and the process should have 
provided sufficient information to be able to prepare a 
pre-feasibility study along the above guidelines and, 
depending on the results, take a decision on whether or 

not to set up a pilot-scale operation in the region where 
the selected commodity is grown. 

Conclusion 
Research in support of product and process develop

ment involves market and consumer research, and technical studies. Based on the authors' experience, sketching 

out an idealized system for converting raw material into 
the desired product(s) and its subsequent sale to a set of 
interested buyers can serve as a guiding framework for 

this research. Itpermits the researcher to breakdown this 
system into its various components for subsequent de
tailed analysis. A strategic consideration in this set oft 
studies is to recognize from the outset the paramount 

importance of not only the technical feasibility but also 
the commercial viability of ro)t and tuber processing. 

Once the market for the proposed product has been 

assured, research can focus on technical product and pro

cess research on a prototype or pilot scale. L-ab or engineer
ing success then leads to taste panel evaluations as well as 
packaging and shelf-life studies. Promising results from 

this work sets the stage for a feasibility study of a specific 
pilot plant in terms of product, process, scale, location. 
costs, and returns. Once this study has been completed, the 

focus on the operationproduct development process can 
of the pilot plant itself-- the subject of the following selec
tion of papers. 
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Appendix A 

Consumption of Processed Potato Products in Lima, Peru 

The Problem. Research on various aspects of potato 
processing has gone on in Peru for years: simple pro-
cessing technology (Keane, Booth, and Beltran 1986), 
traditional potato processing in the highlands (W erge 
1979), prospects for increased consumption of tradi-
tional processed products in Lima (Benavides and Hor-
ton 1979), and the feasibility of introducing certain 
types of processed potato products into low-income 
diets in the capital (Benavides and Rhoades 1987). 
Nevertheless, basic information on the consumption of 
various processed potato products by different income 
groups in Lima simply was not available. Thus a team 
of social scientists at the Universidad del Pacifico ad-
dressed this topic during 1987 (Gomez and Wong 1988). 

The Method. This study incorporated a variety of re

search procedures (Gomez and Wong 1988): aliterature 
review; participant observation; informal interviews with 
potato processors and traders; and a pilot consumption 
survey utilizing a structu,'ed questionnaire. The sample 
(n= 199)consisted of high-(n = 19), medium- (n = 81 ), 
and low-income (n = 99) consumers interviewed in 
supermarkets, shops and stores, and markets. In addi-
tion, the preliminary findings were presented to a group 
of processors and traders as part of the information 
gathering. 

The Results. The principal findings of this study follow. 

I. 	A variety of different processed potato products are 
available including potato starch, dehydrated (tradi-
tional) potato (papaseca), instant potatoes (imported), 
potato bread, potato crisps, bleached and dehydrated 
(traditional) potato (papa cludio), and peeled and 
pre-cut potatoes for restaurants. The estimated total 

fresh potato requirement annually for the Lima 
market alone is 36,000 t. 

2. 	Many consumers were unaware that one or more of 
2. 	 po u cts eist, they o e o r ale 

these products exist; they professed considerable 
interest in knowing more about different uses for 

3. 	Particular attributes (and defects) of these products, 
as noted by the consumers, were identified (Appen
dix Table I). 

4. 	Products with practical use, e.g., crisps, instant po
tatoes, were found to be more respon:;ive to simu
lated declines in price than those with specific uses,e.g., potato starch, dehydrated (traditional) potatoi~s. 

5. 	Marked differences were detected in the knowledge 
of particular processed potato products by income 
group. High-income consumers had much less know
ledge of traditional bleached and dehydrated po
tatoes than the middle- or low-income consumers 
interviewed. 

Impact. Results of this survey were utilized by one 
processing group to improve the color (make more 
yellow-gold) of dehydrated potatoes and to exercise 
more quality control in packaging such as making sure 

the product has been proierly washed, that the package 
contains no extraneous material (e.g., sand, small stones). 
These improvements led to successful contracts for the 
test marketing of the improved product in two major 
supermarket chains in Lima. The expanded volume of 
sales raised questions about the sources of supply for 
raw material, the subject oftthe next step (see Appendix 
B). 

Appendix Table 1.Attributes and defects of potato products in Lima, Peru. 

Product 


Potato starch 

Potato crisps 

Instant potatoes 

Dehydrated potatoes 

Bleached & dehydrated potatoes 

Attribute 

Good tasie 

Practical, readily 
available 

Easy to prepare 

Filling 

Nutritious 

Source: Adapted from Gomez and Won IJQ8.' 

Defect 

Tends to go lumpy 

Greasy, salty, spoils 

Acidic taste 

Bitter taste; uneven quality 

Small pieces 
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Appendix B 

Potential for Potato Processing in Northeast Colombia 

The Problem. Colombian policy makers concerned 
with rura! development as well as rese;rchers in the 
National Potato Prog-am are interested in developing 
alternative uses and markets for potatoes in an effort to 
stabilize prices and improve grower incomes. They 
considered simple potato processing as one potential 
means of br.-ineine this atxt. The Pamphona region in 
northast Colombia seemed an ideal location for esab-
lishiLg isch facilities because it isan area where potatoes 
are the principal crop and is noted for its small-farm 
pcmulation and geographic isolation from the rest of the 
country. Tihe first initiative was to set up a small pilot 
plant in order to demonstrate that processed potato 
products using simple technology could be produced 
utilizing local varieties, infrastructure, and technical 
personnel. Subsequently, a research project began to 
assess the socio-economic feasibility of such technol-

gy. A keycomponent of this technology assessment. 
was an attempt to determine the needs and interests of 
local potato producers with respect to simple potato 
processing,, 

The Method. Research methods for this project in-
eluded a review of available studies and secondary data 
on potato production, prices, and marketing in the Pam-
plona region; a gathering of producers to show them the 
types of dishes that could be prepared with processed 
potato products (e.g., crisps, cakes, soups); and aform al 
survey ot' I growers, selected from five different farm-
ing localities in the region. Recent agricultural census 
data and farm production statistics were consulted to 
determine the location ofot ato production in the variousdeterminpoattnd loato inc tilvit pronduto vacoper 
localities and the number of potato producers in each. 

o 	 stionFurthermore, since the survey was conducted by personnel 
of the Colombian Institute for Agricultural Research 
(ICA), the exercise was intended to collect information 

plabut n 	 sprocesing, otetialuter ni asple potato
processing, but also about technical aspects of potato 
production of interest to the National Potato Program. 

The Results. Highlights ofthe producer survey findings 
were (Mantilla 1988): 

I. 	Of the farmers interviewed, 63% have produced 
potatoes for over 20 years; in 1986, average potato 
production per farmer was 52.7 t, 9e%of which went 

for 	sale; and, 60% of the production is harvested 
during the second half of the year. 

2. 	 Most potato sales take place from September to 
January whe i supplies are abundant in the market; 
40% or less is sold in April-May, when growers 
prefer to sell because supplies are lower and prices 
higher; .;ales occur at harvest time with little storage 
for delayed sale. 

3. 	 Of the growers interviewed, 52r4 reported selling 
potatoes at very low prices in 1984 and 9% in 1985 
and 1986. 

4. 	 Family laborisemployedall-yearround by73%of 

farmers; in fact, 68% have difficulty hiring labor at 
narvest time. 

5. 	 Many (72%) are familiar with potato crisps, but 
28%were unfamiliar with any processed potato 
product. 

6. 	 Of the 81 growers interviewed, 80 are interested in 
processing part of their production in order to im
prove prices, diversify the family diet, and provide 
employment for household members. 

7. 	 Products the growers are interested in producing 
7. 	 o at ch oa to flurste d fn r ing 

include potato chips, potato flour, and french fries. 

Impact. Results of this survey were decidedly mixed. 
Nearly all growers expressed ;nterest in processed prodipoito 
ucts and adisposition toconduct such activity incoopera

with other farmers. However. they also reported no 

particular difficulty inselling their harvest at remunerative 
prices. In fact, the last time prices were disastrously low 

was several years ago. Thus the economic incentive to 
process was not as compelling as in the case of India (seeNave and Scot 1991), where severe seasonal fluctuations 
in potato prices occur ever, year. The labor shortage at 

harvest time also raises questions about the feasibility of 
introducing a labor-intensive technology to operate at a 
time of year when manpower is already scarce. While 
thew, findings have not prompted abandonment of pro
cessing. they have led to arcconsideration of the economic 
rationale for this activitN 
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Commercialization of Cassava: Potentials for
 
Production Growth in Africa'
 

Felix I Nweke 2 

Abstract 

Cassava is one of the dominant starchy staples in Sub-Saharan Africa but one whose possible 
contribution to local incomes, development, and food consumption has yet to be completely achieved. 
Full realization of the crop's potential depends, among other things, on obtaining more precise information 
about existing marketing patterns. This paper draws upon the results of detailed village-level surveys in 
!;ix countries to answer questions regarding the proportion of total cassava production that is marketed, 
the influence of the type of market access on marketing activities, the effect of commercialization on the 
growth in production, and the principal constraints to expanded marketing of cassava production. 

The resolts indicate that as much as 45% of total cassava production is sold; agreater percentage of cassava 
output iF sold in poor than good market access areas; and the participation of midlemen in areas of good 
market access tends to encourage greater cassava marketing and increase the relative importance of 
cassava production. 

Key words: market access, marketing channels, products, farmers, traders. 

Introduction 

Background 

Since its introduction into Africa in the 16th century, 
cassava has spread throughout Sub-Saharan Africa to 
become one of the dominant starchy staples in the diet 
of the people. Although the crop is grown in every 
country of the subcontinent, cultivation is concentrated 
in the humid tropical regions. Africa produces 48 mil-
lion tons of cassava annually from 7.4 million hectares; 
which translates into an estimated average of more than 
200 calories per day for 200 million people (Dorosh 
1988). It is the dominant staple particularly in Central 
Africa where it constitutes over 50% of the average 
staple food consumption in Zafre, People's Republic of 
Congo, and in the Central African Republic. In the 
coastal regions of West Africa, from Ccte d'lvoire to 
Nigeria. cassava is as important as yarn, and further 

along the West African coast cassava is the second most 

important staple after rice. In East Africa, although 
maize is the dominant staple in most countries, cassava 
is crucially important in Mozambique, Tanzania, Uganda, 
and Burundi. 

The central role played by cassava in the African 
diet is particularly important because pet capita food 
production in Africa isdeclining. During the succeeding 
two decades, after most African countries became inde
pendent, the continent has steadily deteriorated into 
food import dependence, where cereal imports are fill
ing the gap created by unsatisfactory growth in the 
production of domestic staples. Financing these imports 
has become more difficult because the balance of trade 
in African countries has become increasingly negative 
and the external debt has riser.. Falling per capita food 
production and declining internal financial liquidity are 
particularly serious in light of the fact that an estimated 

1 Collahorative Study of Cassava in Africa (O)SCA), Working Paper N 14 (first draft), re-printed here with permission of the author. 
2 Agricultrai Economist and Project Ixader, Collahorative Study of Casava in Africa (COSCA) Project, International Institute of 

Tropical Agriculture (tITA . P.M.B. 9320, lhadan. N geria. 
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150 out of 450 million Africans suffer from some form 
of malnutrition, 

The African food problem is commonly traced to 
inadequate food supplies. Because of stagnant or even 
falling tbod production, area expansion which is usually 
into more marginal agricultural zones, has not been 
sufficient to keep pace with the rapidly expanding de
mand for food. Moreover, rising population densities in 
marginal rainfall areas have reduced the buffering ca-
pacity of subsistence production units against major 
varations in rainfall, often resulting in substantial short-
fall in food needs in years when rainfall is especially 
inadcquete. This African food problem is a matter for 
deep and urgent concern. 

Food production in Africa is fundamentally based 
on rain-fed farming systems. This makes African farm-
ing inherently risky, with marked variations in seasonal 
and annual food supplies. This highly variable prodc'-
tion situation is madeeven more unstable iiareas where 
land is scarce because of rapid growth ir,rural popula-
tions, which either reduces the farm iize or induces 
migration to more marginal agricultura areas. 

Cassava's adaptability to relativel,i marginal soils 
and erratic rainfall conditions, its high productivity per 
unit of land and labr, the certainty e"obtaining some 
yield even tinder the most adverse c,.)nditions, and the 
possibility of maintaining continuity of supply through- 
out the year makes this root crop a basic component of 
the farming system in many are-is of Africa. Famine 
rarely occurs in areas where ca.sava is widely grown, 
since it provides a stable base to the food production 
system. Thi,; indicate, that cassava has the potential for 
bridging the food gap. However, the full realization of 
this ,otential depends on obtaining more detailed infor-
mation about cassava growing conditions, production 
;ystems, processing methods, marketing, and urban 
consumption pattern.. Authoritative information on 
these issues is lacking and even the production statistics 
that are available arc at best educated guesses. The 
COSCA project was therefore initiated to correct these 
information deficiencies. 

The Collaborative Study of Cassava in Africa 
(COSCA) 

The COSCA which is funded by the Rockefeller Foun-
dation aims to) col:cct authontative information over a 
wide area on cassava production systems, processing 
methods, market prospects, and consumption patterns. 
This information is needed to improve the relevance of 
research on cassava by national and international agri-

cultural research centers in order to realize the potentials 
of cassava for increasing food supply and incomes of 
the people of Africa. The range of information needed 
to accomplish this objective is wide and includes infor
mation on the importance of cassava, cassava varieties, 
production trends, processing methods, marketing pros
pects, and consumption patterns. 

The COSCA study commenced in 1988 in six coun
tries, namely C6te d'lvoire, Ghana, Nigeria, Tanzania, 
Uganda, and ZaYre. Since then however, nine additional 
countries, namely Burundi, Cameroon, Congo, Kenya, 
Liberia, Malawi, Rwanda, Sierra leone, and Zambia are 
collaborating with alternative funding. The COSCA 
study is executed by a multi-national, multi-institu
tional, and multi-disciplinary team. Each collaborating 
country has a multi-disciplinary team of four senior 
level scientists from different national agencies within 
the country consisting of a breeder, an agronomist, an 
entomologist, an economist and/or a statistician de
pending on availability. The collaborating international 
agencies are the International Institute of Tropical Ag
riculoure (IITA), Centro intcrnaci , d,- ,\gricuiura 
Tropical (CIAT), Natural Resources Institute (NRI), and 
the Rockefeller Foundation. 

COSCA is executed in four phases as follows: 

Phase I involves a broad characterization of the follow
ing: 

• Environment (physical, social, economic)
 
- Production
 

* Processing 

* Marketing 

* Consumption. 

Phase I1deals with cassava production details such as: 

0 Yield 

•Land area 

* Utilization (sale/home use, processing/fresh 

use) 

* Input/output 

* Production practices. 

Phase III involves detailed studies of portharvest issues 
viz: 
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" 	Processing: 
Characterization of techniques, 
Product quality assessment (nutritional, toxic-
ity, and quality assessment 

" 	Marketing 

* Censumption/dlemand. 

A two-week planning meeting of all team members 
is the first activity of each of the phases of the COSCA 
study. Inthese meetings, researchable issues are identi-
fied, hypotheses are formulated, logistics are planned, 
methodologies are developed, the survey instruments 
are designed and tested. All team members, national and 
international, actively participate iii all aspects of these 
meetings not as resource persons or students but as 
equal partners each of whom has valuable contributions 
to ma.e. Data collection for Phase I was carried out in 
1989, for Phase II in 1991 and Phase III in 1992. The 
survey instruments were administered directly by the 
national team members themselves with backstopping 
Irom the collaborating international scientists. 

Objective of the Report 

This report attempts to assess the level of commercial-
ization of cassava production. The key questions ad-
dressed are: 

What proportion of total cassava production is 
marketed'? 

* 	What is the effect of commercialization on pro-
duction growth? 

of cassava production? 

Method of the COSCA Study 

Sampling Procedure3 

Climate, demographic pressure and market infrastruc-
ture form the bases of stratification for sample selection. 
Climate is selected as the most convenient determinant 
of ecological conditions. Climatic differences strongly 
influence tile growth of the cassava plant, production 
techniques, biological pressures, and processing meth-
ods. Density of human population strongly influences 
the intensity of land use, although it is not tile primary 
controlling factor. Production and processing systems 

Up io the point of selection grids is based on Cartcr and Jones (1989. 

and the level of importance of cassava in the diet are all 
expected to be partly determined by population density. 
Market accessibility will be an important determinant 
of the degree of commercialization of cassava produc
tion as well as the degree of migration. The six original
countries were selected because together they produce 
up to 70% of cassava in Africa and provide sufficient 
variability in climate, demography, and market access 
infrastructure. 

A map of the distribution of cassava was produced 
by CIAT's Agroecological Studies Unit, using the most 
recent census statistics available and other data. The 
climatic classification devised at CIAT for cassava was 
used to subdivide the cassava producing areas of the 
selected countries (modified from that described in Car
ter 1987). It takes account of mean growing season 
temperatures, the length of the dry season, daily temper
ature ranges during the growing season and seasonality. 

All-weather roads, railways, and navigable rivers 
were digitized from the 1987 Michelin travel maps of 
Africa tocreate athird computer image. Finally, second
ary level administrative units for each of the six coun
tries were digitized and their respective areas calculated. 

Population data from the United States Census 
Bureau (unpublished data), projected forward to 1990, 
were used to calculate population densities for each of 
these administrative divisions. The population map was 
divided into high and low demographic pressure zones, 
the former comprising areas with 50 or more persons 

per square kilometer. 

The three maps of climate, population density, and 

market access infrastructure were overlaid to create12 	 zones with homogeneous climatic, demographic 
and market access infrastructure conditions of the cas

sava producing areas. Each climate/population den
sity/market access infrastructure zone with less than 
10,000 ha of cassava in each country was excluded as 
unrepresentative of cassava growing areas. The remain
ing areas which formed the potential survey regions 
were divided into grids of cells 12' latitude by 12' 
longitude to form the sample frame for site selection. A 
certain number of the grid cells distr;buted among the 
12 climate/population density/market access infrastruc
ture zones in proportion to the zone size were selected 
in each country, depending on the size of the country, 
by a random method; the total for the six original 
countries is approximately 3(). One village was se
lected, by arandom method, within each of the grid cells 
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(Map 1). In each selected village a list of farm house-
holds was compiled and grouped into "large", "medi-
urn", and "small" smallholder units with the assistance 
of key informants. Farms units which cultivated 10 ha 
or more of all crops were excluded. One farm unit was 
selected from each stratum by arandom method. Infor
mation was taken from all the fields including cassava 
and non-cassava fields of such selected farmers. 

Data Collection Procedure 

For the Phase I survey, arapid rural appraisal technique 
was employed in which farmer groups consisting of 
men and women with wide age range were constituted 
and interviewed ineach village. Hence, in Phase I of the 
CO.CA study the unit of analysis was the village site. 
The groups in each village were interviewed with struc
tured instruments for qualitative information on the 
following aspects among many others: (I ) various pro-
duction practices including cassava varieties grown at 
present and the past; crops grown and their relative 
importance in the cropping system; (2) market access 
infrastructure including market type (rural or urban), 
distance to market, means to market, condition of access 
road to market, etc.; and (3) cassava marketing includ-
ing cassava products marketed, points (field, rural or 
urban market places) of sale of fresh cassava roots, and 
buyers (consumers or middlemen) of cassava products 
from the farmers. The investigators who were leaders in 
cassava research in the national agricultural research 
system in each country administered the survey instru-
ments. They are very knowledgeable regarding the cas-
sava production system of the country and hence we'll 
qualified to collect this type of qualitative information, 

For Phase II of the COSCA study information was 
collected at the field level as the unit of analysis. The 
information taken from each field included distribution 
of total production by proportion to be sold and propor-
tion to be used at home, proportion to be processed and 
proportion to be used fresh, and field size among other 
information. 

Market Access Infrastructure 

The market access information which form part of the 
basis for the sampling inthe COSCA, study, namely road 
maps, vary widely in up-to-dateiess. It was therefore 
considered essential to collect information, as part of the 
survey, that would permit objective definition of market 
access infrastructure for the purpose of analysis of 
commercialization of' cassava production. Conse-
quently, tie farmer groups interviewed in the rapid rural 

appraisal phase of the COSCA study were asked to 
indicate the marketthey sell theircassava products most 
of the time, type of market (rural or urban), proximity 
of the market in km,condltion of access road, and means 
of access to the market. 

The categories of means of access as a type of 
market infrastructure are motor vehicle, foot, and others 
including bicycles, animals, and boats. Condition of 
access road includes motorable all season, motorable 
dry season only, barely motorable any season, and others 
which include foot paths and water ways as categories. 
Proximity to market is grouped into 10 km or less and 
above 10 km categories based on a subjective estimate 
of how much distance a farmer can cover in a day on 
foot with a head load a cassava products (Table I). 

The above information is however inadequete be
cause it refers only to the farmers for the sale of their 
products. There are situations where the farmer seller.i 
and the consumer or middlemen buyers have different 
market access conditions to the same market. This situ
ation would distort the results of the following analysis. 

villages reported that access 
roads to their primary markets are motorable in all 
seasons. This woulJ imply good market access infra
structure because if a road is all season motorable it 
follows that motor vehicles would ply it and hence 
means of transport would be motor vehicle and rela
tively long distance may not be of major imxrtance. In 
addition, regular plying of a road by motor vehicles 
would create highway side markets which are common 
features on most highways in Africa. However, motor
able access road for the smallholder isnot the only good 
market access infrastructwc for the purpose of market
ing of the cassava products. If the distance to the market 
is short enough, !he smallholder may not need a motor 
vehicle and it is irreievaialtu him whether or not his 
access road to the market is motorable provided that the 
same market is accessible by all season motorable road 
to the buyers. Close to 70% of the villages reported that 
their means of access to the market ison foot. As much 
as 25% or more of the villages reported that the markets 
are located above I0km from the villages. Finally, as 
much as 77% of the villages reported that the market is 
located in the rural rather than in the urban areas. These 
situations do not, however, necessarily mean that a 
disproportionate number of the villages have poor mar
ket access infrastructure. 

Only about 50% of tile 

Foot as an access means to market may not imply 
poor market access infrastructure for smallholder farm
ers especially when proximity is considered. Out of the 
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Map 1. Location of survey sites for Collaborative Study of Cassava in Africa (COSCA). 
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Table 1. Distribution (%) of villages by type/ 
category of market infrastructure, 

Type: Category of market Percentage 
infrastructure of villages 

Road condition to market: 
Motorable all season 52 

Morele drseon 31 
Otra8 

Total -0 

Means to market: 
Foot 68 

Motor vehicle 24 
Othersb 8 

Total 100 

10 km or less 74 

Above 10 km 26 
Total 100 

Market attended: 
Rural 77 


Urban 23 

Total 100 


Distances and means: 
Motor veh. any distance 24 

10 km or less on foot 53 
More than 10 km on foot 15 

Others 8 
Total 100 

, Water. 
bBoats, animals. 

close to 70% of the villages which go to their primary 
markets on foot, more than 50% reported that the mar-
kets are located within their villages or not more than 
10 km away. Similary, market location at distances 
above 10 km from the village may not also imply poor 
market access infrastructure for all such cases as some 
of the villages have motor vehicle access to the markets. 
Out of the about 25% of the villages which have their 
markets located at more than 10 k'n away, about 10% 
have motor vehicle access to such markets. 

In addition, it is not certain that access to urban 
markets imply better market infrastructure than access 
to rural markets for the smallholder farmers. The rela-
tive number of the villages which use such purchased 
inputs as hired labor, chemical fertilizers and mecha-
nized metnods of cassava processing respectively are 
higher among those villages which attend rural than 
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those which attend urban markets (Table 2). This would 
suggest that level of agricultural commercialization is 

higher among the villages whose residents attend rural 
than those which attend urban markets. This conclusion 
would suggest that villages whose residents attend rural 

markets are likely to have better market infrastructure 
than those which attend urban markets. Farmers attend 
urban markets when rural markets are less accessible to 
them. The villages of such farmers are not uecessarily 
located close to the urban centers and the farmers do not 

necessarily have motor vehicle access to the urban 
markets. 

A combination of distance and means of access to 
the market would provide a reasonable basis for the 
assessment of the level of market access infrastructure. 
If the means of access is motor vehicle, it follows that 

the road condition is motorable at least in the dry season. 

If the distance is short, access on foot or any other means 

may not necessarily constitute poor infrastructure. 

However, a combination of long distance with access 

on foci would always constitute poor market access 

infrastructure. Consequently, the categories of the corn

bination of distance and means as a type of market 

access infrastructure would be any distance by motor 

vehicle, 10 km or less on foot, more than 10 km on foot, 

and others including bicycle, animal, and boat means 
(Table 1). 

In more than 50% of the villages residents attend 
their markets on foot over distances of not more than 10 
km. Since the 10 km cut off point is more or less 
arbitrary, it is not certain how many of these villages 
face good or poor market access infrastructure. Simil
ary, it is not easy to determine whether or not the about 
10% of the villages which fall into the "others" category 
have good or poor market access infrastructure. 

In only about 25% of the villages was it reported 
that people go to their primary markets by motor vehi
cle. Such villages would le said to clearly have good 
market access infrastructure. In as much as 15% of the 
villages, it was reported that the residents go to the 
markets on foot over distances of more than 10 km. 
Villages in this category clearly face poor market access 
infrastructure. The relative numbers of the villages which 
use the purchased inputs namely hired labor, chemical 
fertilizers, and mechanized methods of cassava process
ing, respectively, are sfbstantially higher among the 
category of villages which go to their primary markets 
by motor vehicles than among the category which go on 
foot over relatively long distances (Table 2). This shows 
that the level of commercialization of agricultural pro
duction is higher among villages which have motor 



Table 2. Distribution (%) of villages by use of purchased inputs by type/category of market
 
infrastructure.
 

Type of market Distance & means of getting to market
 
Purchased inputs Rural Urban Any distance by Above 10
 

motor vehicle km on foot 

Hired labor: 
Used 70 64 8 37 

Not used 30 36 16 63 
Total 100 100 100 100 

Chemical fertilizer: 
Used 33 18 39 II 

Not used 67 82 61 89 
Total 100 100 100 100 

Mechanical processing:
 
Mechanical (gari) 57 47 23 4
 

No mechanical 43 53 77 96
 
Total 100 100 100 100
 

vehicle access to thcir primary markets than those which that people who buy cassava fields are able to afford 
access their markets on foot over long distances. This harvesting labor. Cassava harvesting is labor intensive; 
conclusion lends support to the conclusion that com- it is estimated at up to 40% of total production labor 
pared to foot access over long distances motor vehicle (Knipscheer 1980). 
acc,-s would constitute a good market access infra
structure. The frequency of sale in the field before harvest as 

the main point of sale is higher among villages who use 
cassava mainly in the form of fresh roots than in any of

Cassava Fresh Root Marketing the processed forms (Table 4). Cassava roots have avery
Channel short shelf life as fresh roots. Hence, users wishing to 

buy more than required for a day or two, must buy in 
The farmers sell cassava in the field before harvest, they the field before harvest where it can be stored. 
sell cassava roots after harvest in the rural markets, in 
the urban markets, and also at their homes. About 30% The frequency of sale of cassava roots after harvest 
of the representative villages sold cass,.va in the field at home is higher in low population areas, in the areas 
before harvest, 15% sold cassava roots afr, r harvest at of limited commercialization of agricultural production, 
home, 40% in the rural markets, and another 15% sold and in areas of relatively poor market access infrastruc
in the urban market as their most frequent points of sale ture such as areas where farmers attend urban markets 
(Fig. 1). Tollens (1992) observed that in Bas-Zaire, and areas where they go to the markets over long 
province of Zaire, the traditional source of cassava for distances on foot (Table 5). In these areas even though 
Kinshasa, most cassava sales (42%) are made at the population is low, labor may not be scarce relative to the 
farm, 20% of transactions occur in rural vi llagce markets, need since the level of commercialization is low and use 
14% of sales are made directly in urban markets, 17% of hired labor is not important. 
is sold when the crop is still in the field and the 
remainder is sold along the road. The frequencies of sale in rural and urban n,.,rkets 

Sale of cassava fields before harvest is population are highest in areas where market access infrastructure 
driven, the frequency of it is higher in high than low is well developed and where thecommercial orientation 
population areas (Fig. 2). It is also higher in areas of of agricultural production is high, especially where the 
limited commercialization of agricultural production use of hired labor is important. In these areas, labor is 
such as areas of low use ,)f purchased inputs includi'ig likely to be scarce and hence farmers are not able to sell 
chemical fertilizer, mechanization, and hired labor cassava in the field before harvest in spite of the high 
(Table 3). In such areas, labor is not us;ually scarce so level of commercialization. 

-~)A ,., 
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Figure 1. Distribution (%) of villages by market channel for cassava roots. 
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Table 3. Distribution (%) of villages by use of purchased inputs by location of sale of cassava roots. 

Place of sale 

Inputs purchased 
Field Home Rural 

market 
Urban 
market 

Total 

Hired labor: 
Used 
Not used 

30 
42 

12 
18 

44 
30 

14 
10 

100 
100 

Chemical fertilizer: 
Used 31 12 42 15 100 
Not used 34 14 30 12 100 

Table 4. Distribution (%) of villages by main cassava product used by location of sale of 
cassava roots. 

Place of sale 

Cassava product 
Field Home Rural 

market 
Urban 
market 

Total 

Fresh roots 
Pastes 
Chips/flours 
Granules 

47 
24 
33 
18 

13 
5 

17 
5 

2 
61 
35 
64 

8 
10 
15 
13 

100 
100 
100 
100 

Table 5.Distribution (%) of villages by types/category of market infrastructureby location of sale of 
cassava roots. 

Place of sale 
Type: Category Field Home Rural Urban Total 
of market market market 
infrastructure 

Type of market: 
Rural 31 11 49 9 100 
Urban 33 17 20 30 100 

Distance and means 
to market: 

Any distance by motor vehicle 26 5 33 36 100 
Above 10 km on foot 29 29 32 10 100 
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Farmers sell to middlemen, namely traders and 
processors, and directly to consumers at each of these 
points of sale (Fig. 2). About 35% of the representative 
villages sold to traders, 20% to processors, and 45% 
sold directly to consumers as their most frequent buyers. 
Berry (1993) observes that commercial cassava produc
tion in Nigeria has entailed changes in contractual ar-
rangements and market structures. People who plant 
cassava as a commercial investment o.,n sell the crop 
in the ground after a few months to buye,s who assumethe risk and costof managing the farm until harvest time 
as well as of harvesting and marketing the rooets. 

The relative number of villages which sell cassava 

mainly to the middlemen, processors, and traders is 

highest in areas of high population density (Fig. 3), in 

the areas of use of purchased inputs in agricultural 
access infra-productioo (Table 6), and where market 

structure is developed (Table 7). These are areas of 

commercial agricultural production where the relative 

numberof villages which sell cassava mainly in the field 

before harvest is low. This correlation suggests that 

farmers do not sell cassava mainly in the field before 

har\est as much through the middlemen as they do 

directly to consumers. Tollens (1992) observes that 

traders buy at the farmer's door and regularly organized 

weekly or bi-monthly village markets. In Kwilu, which 

is the most commercialized subregion of Fandundu 

with a high density of agricultural production and a 

tarred road to Kinshasa, village markets are more im-

portant than door to door purchases in the cassava trade. 

Most sales are to specialized traders. In other subregions 
corn-
of Bandundu, exchange between farmers is more 

mtn.
 

Farmers are not able to take full advantage of the 
services of the middlemen when they sell cassava in the 
field before harvest because of the high labor require-
ments for cassava harvesting. In the areas of commer-
cial agricultural production, farmers must harvest and 
transport to the market before they can sell through the 

middlemen or else, to sell in the field, they have to sell 

directly to consurmers. 

However, the relative number of -villages where 
cassava production is increasing issignificantly higher 
where farmers sell cassava mainly through middlemen 
than where they sell directly to consumers (Fig. 4). 
Following this, the relative importance of cassava in-
creases from less than 25%k in areas where farmers sell 
cassava mainly direct to consumers to tip to 409/ in 
areas where the farmers sell cassava mainly to proces-
sors (Table X. This suggests that participation of mid-
dlemen in the marketing process provides an incentive 

for growth in cassava production. But, such participa
tion is hampered not only by poor market access infra
structure, but also by the high labor requirements for 
cassava harvesting. 

Diversification in Crop Production 
and in Cassava Products Marketing 

The effect tuf!he participation of the middlemen in 

cassava marketing therefore is to increase the relative 
importance of cassava in terms of percentage of arable 

land in commercial areas. In doing this, the level of 

diversification in crop production associated with corn
(Tollensmercialization is reduced in favor of cassava 

1992). The percentage distribution of arable land area 

by major crops inder different market infrastructure 

(distance and means to market) conditions, shows that 

the level of diversification in crop production is almost 

the same between temote and easily accessible villages 

iTable 9). Under both these market access infrastructure 

conditions, cassava is the most important crop in terms 

of' percentage of arable land; four other crops namely 

yam, maize, rice, and millet/guinea corn are also rcla

tively important as they occupy at least 10% of arabic 

land under each market access infrastructure conditions 

respectively. This lack of difference in the level of 

diversification in crop production among areas of dif

ferent market access infrastructure conditions is due to 

the participation of middlemen in cassava marketing. 

Pe
participation of the middlemen incassava market

ing has the effect of increasing the relative importance 
of cassava in easily accessible areas. 

The difference made by middlemen in the level of 
diversification in crop production can be clarified where 
middlemen, and consumers respectively are the main 
btiyers of cassava in the easily accessible areas (Table 
10). Where consumers are the main cassava buyers in 
the easily accessible areas, the level of diversification is 

high; cassava isonly third in importance coming behind 
millet/guinea corn and maize while as mna y as four of 
the arable crops including rice take more than 15% of 
arable land each. On the other hand, where processors 
are the main buyers of cassava, the crop is more imlXrt
ant than any Other and only two other crops namely 
maize and vain each occupies iO / or more of arable 
land. These observations confirm the earlier conclusion 
that participation of middlemen in cassava marketing 
has the effect of encouraging growth in cassava produc
tion in areas of good market access infrastnicture. As 
market access infrastructure improves, farmers will di
ver resources to prodtiction of Other crops if middle
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Figure 2. 	Distribution (%) of villages by population Figure 3. Distribution (%) of villages by population 
density zone by location of sale of cassava density zone by main buyers of cassava 
roots. roots. 
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Table 6. Distribution (%) of villages by use of purchased inputs, by main buyers of cassava roots. 

Buyers of cassava roots 
Purchased inputs Traders Processors Consumers Total 

Hired labor: 
Used 
Not used 

36 
34 

28 
4 

36 
62 

100 
100 

Chemical fertilizer: 
Used 
Not used 

37 
34 

34 
16 

29 
50 

100 
100 

Table 7. 	Distribution (%) of villages by type/category of market infrastructure, by main buyers of 
cassava roots. 

Buyers of cassava roots 
Type: Category of Trader Processors Consumers Total 
market infrastructure 

T pe of market: 
Rural 34 25 41 100 
Urban 43 15 42 100 

Distance and means 
to market: 

Any distance by motor vehicle 38 31 31 100 
Above 10 km on foot 	 47 19 33 100 

Table 8. Arabic land (%) allocated to major crops, by main buyers of cassava roots. 

Buyers of cassava roots 
Crop Traders Processors Consumers 

Cassava 33 40 24 
Maize 26 14 18 
Yarm 14 16 7 
Cocoyam I I 4 
Swectpotato 0 0 1 
Banana 3 3 3 
Rice 3 16 19 
Millet 9 I 12 
Peas 4 I 5 
Others 7 8 7 

Total 	 100 100 100 
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Figure 4. 	Distribution (%) of villages by cassava 
production trend by main buyers of roots. 
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men, traders and processors, do not come in to facilitate 
cassava marketing. 

In Africa, most cassava is consumed in processed 
forms which are convenient to prepare and compara-
tively easy to store and transport (Cock 1985). Con-

Table 9. Arable land (%) allocated to major crops, 
by distance and means to market. 

Major crop Any distance by Above 10 km 
motor vehicle on foot 

Cassava 	 32 35 
Yam 	 I 1 10 
Cocovam 	 1 0 
Swe,!tpotato 0 2 
Banana 	 I 2 

Maize 23 22
 
Rice 7 I1
 
Millet/Guinea corn 15 3
 
Beans/Peas 4 7
 
Others 6 7
 

Total 	 100 100 

Table 10. Arable land (%) allocated to major crops, 
by main buyers of cassava roots in areas 
where farmers go to market by motor 
vehicles. 

Major product Processors Consumers 

Cassava 	 40 18 
Yam 	 15 3 
Cocoyan 	 2 1 
Sweetpotato 0 1 
Banana 	 0 2 

Maize 	 18 24 

Rice 6 16 
Millet/Guinea corn 3 27 
Beans/peas 3 6 
Others 13 2 

Total 100 1(X) 

sumption 	of fresh cassava is limited by the extreme
perishability of the roots which may begin to deteriorate 
within 24 hours after harvesting. With present facilities 
for storacze and transport, it isdifficult to market cassava 
at any distance from the place where it is grown. Pro
cessed cassava, on the other hand, is less bulky to 
transport and far less perishable than fresh roots. Per
haps for this reason, most cassava is eaten in processed 
form, especially in urban areas (Berry 1992). Fornis of 
processed cassava include: cooked and uncooked 
pastes; fermented and unfermented chips/four: 
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cooked and toasted granules, starch; alcoholic bever-
ages, etc. In addition to fresh roots and leaves, cassava 
is also marketed in these various processed forms. In 
Central Africa, flour is often made at home by final 
consumers from dried chips or slabs of cassava root, 
known as cossettes. The cossettes are thus an important 
intermediate good, making up a major proportion of the 
marketed cassava in the region (Berry 1992). 

Sonic 2% of the representative villages marketed 
seven or more different cassava products, nearly 20(% 
marketed five or six, 45% marketed three or four, about 
20% marketed on-. or two different cassava products, 
and less than 5% did not market any cassava product 
(Fig. 5). Thus the modal number of cassava products 
marketed is three or four. The number of products 
marketed is determined by the nature of market access 
infrastructure and by locally available processing re-
sources such as sunlight, water, and fuelwood. 

Virtually all of the few villages which did not 
market any product at all are in remote villages such as 
where farmers attend markets on foot over more than 
10 km distances. Nearly 45% of the villages in that poor 
market access infrastructure zone marketed one or two 
products, nearly 50% marketed three or foui products, 
and less than 5(7 of them marketed five or six products 
while none at all marketed more than six cassava prod-
ucts. Among villages in good market access intrastruc-
ture areas, however, such as illages which attend 
markets by motor vehicles, there was none that did not 
market an\ cassava product at all; only aboutot 35(4 
marketed only one or two products; 50(l marketed three 
or four products; as much as 12 4 marketed five or six 
products; while 2c of them marketed seven or more 
products. These observations suggest that improvement 
in market accessibility leads to diversification in cas-
sava products marketed. 

Proportion of Cassava Production 
Marketed 

Fir the representative villages, an average of 45% of 
total production is marketed. Proportion marketed is 
different from absolute quantity marketed as a high 
proportion may be low in absolute terms and vice versa 
depending on the size of total production. The propor-
tion marketed varies from zero percent to abo ve 9(1,4 
(Fig. 6). The curve approximates normal with distribu-
lion skewed to the mean. Less than f(,4 oft the villages 
were in the range of zero percent of' ttal productim 
marketed. These few villages are located in good market 
access infrastiructure areas, have high level ofldiversifi-

cation in crop production and produce mainly "sweet" 
cassava types. A small proportion, 2% of the villages, 
produce almost entirely for market as they market more 
than 90% of their total production. These few villages 
are mostly located in good market access infrastructure 
areas, adopt mechanized processing techniques, mostly 
produce "bitter" cassava types and are located in Tan
zania, Nigeria, and Ghana. 

In 1956 approximately one fifth of all manioc har
vested in the Belgian Congo entered commercial chan
nels. In the Kasai however, more then one third of the 
production was so marketed (ones 1959). 

Tollens (1992) shows that the averages of propxor
tion of total cassava production marketed are 42% for 
the Bandundu and 55%I for Bas-Zaire regions of Zafre. 
In Bas-Zfire region, the proportion of total production 
marketed for cassava (55%) was similar to that for 
plantain (54%) but higher than for maize (45%). beans 
(45%, groundnuts (35(/ , and rice (20%). According to 
Berry, much has been made of cassava's advantages as 
a source of food security for "subsistence". However, 
cassava is also an important source of cash income for 
poor farmers as well as prosperous ones. Both rich and 
poor farmers often sell a higher proportion of cassava 
than of other crops and/or derive more cash income 
from cassava than from any other crop or income earn
ing activity. In the more prosperous rural economv of 
southwestern Nigeria. sales ranged from two-thirds to 
90% of women's cassava output. Even very r)or farm
ers often sell a significant proportion of their crop 
(Berry l 992). Women farmers in southern Zaire sold 
20-40%, of their cassava (Fresco I982). 

Markeing is amajor constraint to the expanded use 
of cassava as a low cost food in urban areas partly 
because of infrastructure problems which in many parts 
of tropical Africa has deteriorated in recent years (Berry 
1992). Most of the producion areas in Bandundu r,:
gions are relatively close to navigable rivers. River 
transport is much cheaper than road transport. 
Bandundu only became a major supplier of cassava to 
Kinshasa after the completion of the Kinshasa-Kikwit 
tarmac road (525 ki) in 1979 (Tollens 1992). 

Yet, the proporlion of total production marketed 
appears positively related to remoteness from market 
centers. For example, the proportion marketed increases 
from 40(4 among villages which are located no more 
than 10 km from rural or urban market places to more 
than 5514 among villages hcated more than 10 kin and 
whose mnain means of getting to such markets ison foot. 
There are hardly any differences among villages which 
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Figure 5. Distribution (%) of villages by number of cassava products marketed. 
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Figure 7. 	Cassava production (%) marketed by 
main buyers of fresh cassava roots. 
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use and those which do not use the various purchased 
inputs such as chemical fertilizers, hired labor, and 
mechanization in agriculturai production. 

The low level of diversification in crop production 
among remote villages helps to explain this situation, 

The proportion of total production marketed decreases 
from about 65% among villages where cassava occu
pies more than 60% for arable land area :hrough about 
50% where cassava occupies 20-60% of arabir land area 
to about 40% among other villages where cassava oc

cupies no more than 20% of arable land area. Thus, the 
less concentrated in cassava production, the lower the 
proportion of total production marketed. Tollens (1992) 
observed that as Kinshasa grew in population and 

Bandundu gained in importance for cassava, Bas-Zaire 
diversified its agriculture and now supplies mainly cassava cossettes of higher quality (with a premiun price of 
+20%), cassava leaves t nearlv all), firewood, charcoal, 

fruits, vegetables, plantains, bananas, beans, and rice. 

The remote areas however sell mostly processed 
cassava; the proportion of total production processed is 
also positively related to remoteness from market cen
ters. That proportion increa.qes from about 65% among 
villages which are located no more than I) km from 
rural or urban marketplaces to more than 80% among 
villages located more than 10 km and where main means 

of getting to such markets is by foot. This shows that 
processing is an important factor in cassava marketing. 

Unlike parts of Latin America where human consump
tion is mainly of fresh cassava, in Africa. increased sales 
do not necessarily depend on changes in processing 
technology or the development of alternative uses. In 
Colombia, for example, farmers located at any distance 
from market centers could not sell surplus cassava untilthe introduction of small scale processing plants, at the 
village level, to produce cassava chips for animal feed 
(Be-ry 1992). 

The proportion of total cassava production marketed 

is higher among villages which sell mainly to the mid

dlemen than among others which sell direct to the 
consumers (Fig. 7). In other words, the proportion mar

keted increases as participation of middlemen in the 
marketing process increases. This is in spite of the fact 
that the proportion marketed decreases while participa

tion of middlemen increases as market access infra

structure gets better. The participation of middlemen 
discourages diversification away from cassava produc
tion as market access intra.itructurc gets better. 

For example, in non-reinote areas such as areas 

where farmers attend markets by motor vehicle, 'he 

proportion marketed is higher among villages where 
middlemen participate than among others where mid
dlemen do not participame in the marketing process. 
Among villages which use purchased inputs such as 
Llicnical fertilizers, hired labor, and mechanization 
equipment, the proporions marketed are higher among 

"'[
 

312 



villages where middlemen participate that among others 
where the middlemen do not participate. These tenden-
cies exist because in these areas of relatively high level 
of commercialization, the relative importance of cas-
sava in terms of percentage of arable land is higher 
among villages where middlemen participate than 
among those where they do not participate in the mar-
keting process. 

Hence, while in remote areas far from market cen-
ters, the higher the relative importance of cassava in 
terms of percentage of arable land, the higher the pro-
portion of total production marketed; in areas with 
developed commercial activities this trend is reversed; 
the higher the proportion marketed the higher the rela-
tive importance of cassava in terms of percentage of 
arable land. 

Summary of Observations 
As much as 45% of total cassava production is mar-

keted. Sales occur in the field before harvest, or after 

where they sell directly to consumers. Following this, 
concentration in cassava production is higher where 
farmers sell cassava through middlemen than where 
they sell directly to consumers under the same market 
access conditions. 

The effect of the participation of middlemen in 
cassava marketing is therefore to increase the propor
tion marketed and the relative importance of cassava in 
commercial areas, where farmers would otherwise di
versify production away from cassava. Inareas of poor
market access, the higher the relative importance of 
cassava is, the higher is the proportion marketed. In 
areas of good market access, this trend is reversed-the 
higher the proportion marketed, because of the partici
pation of middlemen, the higher the relative importance 
of cassava. 
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Alternative Breads from Cassava Flour 

G. Eggleston and P. Omoaka 

Abstract 

New and alternative nutritious breads can be produced from cassava flour fortified with 20% raw or 
roasted soy flour using either locally available margarine with egg white, alone or with xanthan gum. 
Using margarine with egg white increased control loaf volumes by 29%; the subsequent addition of 
xanthan increased oven rise and volume by 35%. Margarine, and more significantly, egg white, reduced 
the extent of starch gelatinization and solubilization in the bread, making them less gummy. Loaf volume 
also depends on cassava variety: flours with relatively low diastatic activities and high maximum paste 
viscosities gave the best baking results. Flour diastatic activity depends on the moisture content of the 
harvested tuberous root. The breads produced in the project are acceptable to Nigerian consumers and 
have good keeping qualities. 

Key words: cassava flour, bread. 

Introduction 
In recent years, the consumption of leavened wheat 
bread has risen enormously in many developing coun-
tries as a result of increasing populations, urbanization, 
and changing food habits. However, most developing 
countries, for climatic reasons, cannot grow wheat suit-
able for bread making and rely on expensive wheat 
imports paid for with scarce foreign currency. First 
attempts to effectively save foreign exchange were 
aimed at the partial substitution of wheat flourwith flour 
from indigenous crops such as cassava and yam. This 
was spearheaded by the establishment of the Food and 
Agricultural Organization of the United Nations 
WFAO)'s Composite Flour Program in 1964. Although 
there is now a substantial body of composite bread 
technology available, such breads still usually require 
at least 70% wheat flour to be able to rise (De Ruiter 
1978; Satin 198: Dendy and Trotter 1988), and there-
lore implementation ofthe technology has bcen limited 
(Crabtree and James 1982). 

Attempt!, have also been made to produce wheat-
less or gluten-free breads. Most of this work was carried 
out in the 1960s and early 1970s, but there has been a 

recent revival of interest in this area (Satin 1988). The 
ban on wheat imports into Nigeria by the Government 
in 1987 has also made the need for a marketable "alter
native" wheatless bread more critical. 

Much of the basic research was actually initiated in 
order to gain a better insight into baking or to produce 
gluten-free breads for celiac patients (achronic nutritional 
disturbance of young children). The obvious problem is 
the replacement of the unique functional viscoelastic 
properties of the wheat protein gluten. Research w(,rk
ers have purported the use of various "gluten sub
stitutes" (comprehensively reviewed by Egg'eston et al. 
1992), such as a special self-emulsifying GMS oylycerol 
monostearate); wheat/rye pentosans; gums such as 
methyl-cellulose and xanthan; and pregelatinized or 
extruded flours and starches. Unfotunatcly. there has 
been very limited or no implementation of the available 
wheatless bread technology in developing countries. 
This is probably mainly due to the fact that most gluten 
substitutes are rarely available locally or that the equip
ment necessary to produce some of them is relatively 
expensive and also has to be imported. Importation of 
products or equipment introduces another cost element 

iFood rechrloIogist/tBiochemist. 3001 South Providence Rd., Apt. 19A.Colombia, MO 65302: and Research Assistant, International 
Institute of Tropical Agriculture (11TA). P.M.B. 9320, Ihadan, Nigeria. 
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which may outweigh the savings in imported wheat 
flour. 

We therefore undertook a study to identify gluten 

substitutes which could be found locally in Nigeria and 
other developing countries or that might be produced 
locally at low cost, and which could improve cassava 
bread volume and structure. In preliminary studies we 
tested a variety of locally available gums, for example 
the gum from okra (Hibiscus esculentis) seed pods or 
imported gums which we knew could be found in de-
veloping countries (Eggleston 1991 ). Only xanthan, an 
anionic bacterial polysaccharide gum from Xanthono-
nas campesiris, improved loaf characteristics. Other 
materals, products, and processing variations were also 
tested (Eggleston 1991). Tis included the addition ofa 
pregelatinized portion (ur to 20%) of the cassava flour, 
which did not improve cassava bread quality. The use 
of egg white (whole egg was not used because bread 
crumb structure became less fine and texture softer) 
with an ordinary table margarine gave the most benefi-
cial results which, with those of xanthan, we reported 
previously (Eggleston et al. 1992). This paper reports 
furtlier studies and adiscussion of the effects ofldifferent 
cassava varieties on flour and breadmaking properties. 

Materials and Methods 

Cassava Tuberous Roots 

Tuberous roots of the International Institute of Tropical
Agriculture (IITA) improved cassava clone TMS 90042, 

grown without fertilizer I x I m apart, were harvested 
13 winth afterltizert apsetting) 

Preparation of Cassava Flour 

Flour was produced from peeled and washed unfer-
mented tuber'. The washed tubers were chipped in a 
manually operated chipper, sun-dried outside(30±3°C) 
foir48 hr, then milled using adisc mill. The milled flour 
was sieved through a 250 4am mesh sieve and had an 
11.2% moisture content. 

Preparation of Roasted Soy Flour 
Cassava flour was supplemented with soy flour to in
crease the nutritional status of the bread. Raw or roasted 
soy flour was preferred to defatted soyflour because the 
defatti!ig procedure would considerably increase the 
cost, 'mie, andenergy required forproduction. Dehulled 
soyl-ean seeds were washed and dried, then milled using 
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a hammer mill. The milled flour was sieved through a 
355 g.m sieve and roasted in an oven at 150C for 10 
min. The resulting product had a3.7% moisture content. 

Ingredients 

Food grade xanthan gum (KeltrolTM ) was obtained from 
Kelco Ltd., London, UK. The fat uscd was 3lue Band TM 

margarine, produced by Lever Bros. of Nigeria, who 
reported the margarine contained 16% moisture and 
80% vegetable oils (at least 80% palm oil), between 
0.3% and 0.5% emulsifier (MGP = mono-glycerol pal
mitate), non-fat milk solids, preservatives, citric acid, 
Vitamins A, B 1, 12, and D.Flavorings, and jl-carotene 
were present in trace amounts. The melting, slip, and 
clear points of the margarine were 37.3'. 38.4' , and 
41.10'C, respectively. Egg whites obtained from large
sized cggs, salt, granulated sugar, and FermipanM (Gist 
Biocades, Delft, Holland) instant dried yeast were all 
bought locally in lbadan, Nigeria. 

Baking Formula and Process 

The baking formula (Table I ) and processing conditions 

(Fig. I) were developed to take into account the tropical 
climatic (ambient temperature 28 ± 5'C: relativehumidity (R1l) 84 ± 14%), social, and economic condi

ions prevalent in southern Nigeria. The minimum sugar
and fat concentrations were identified using trained 

taste panels. The whisked egg white was prepared by
hand separation of the yolk from the egg white. The 
white was then whisked for 2 min at high speed (No. 2 

using a Philips mixer. All the dry ingredients. 
including the gum (if used), were mixed in a Kenw(,od 
high-speed mixer:it low speed for I ain using a flat "'K" 
beater. The water and whisked egg white if used) were 
added at this stage, and all the ingredients mixed at high 
speed for 10 nin. The slightly cohesive and Viscous 
batter produced (in triplicate) was then deposited into a 
Shogren-type baking pan and smooded down with a 
plastic !:patula. Th1C hatter was fermented at 30'C (85
90% RH) for 60 min in a fermentation chamber and then 
baked at 200C for 30 minin a reel-type oven. L.oaf 
weights and volumes were measured (by rapeseed dis
placement) after the baked loaves had attained room 
temperature (28 ± 2°C). 

Bread Crumb Analyses 

Crumb structure of the cassava breads was qualitatively 
evaluated for number of gas cells, cell wall thickness, 
uniformity, and texture. Crumb moisture content was 
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Table 1. Basic cassava bread formula. 

Ingredient Amount (g) 

Cassava flour 80a 

Raw or roasted soy flour 20" 
Dried yeast 1.5ast 1.5 


Sugar 6 

Oil (margarine) 4-10 
,Water I l01

Whisked egg white 48" 
Xanthan mor I 

"Based on 14% moisture content.
'12ml water was added for the xanthan formula. 

'B sdO ",,r atrco tn. h aerc nan di 
Based :n I_ dr,, matter content. The water contained in 
the egg white is taken into account in the total water 

added. 


Figure 1. Cassava bread processing flow chart. 
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measured using AACC method 44-15A (1981). Crumb 
hydration capacities and blue values were measured 
using the method of Yasanaga et al. (1968). 

Analysis of Results 
Results, where appropriate, were subjected to ANOVA, 
using aSuper ANOVA (Abacus Concepts Inc., Berkeley) 

software package. 

Cassava Bread Texture 
and Keeping Quality 
Baked loaves were stored at ambient temperature (26± 2'C) in airtight plastic bags. Loaves were first cut 12hratrbkn.Bedt-tr a esrda h 
hr after baking. Bread texture: was measure!d as tile 
resistance to an applied sheair force using a Standard 
Bread Shear-Compression Cell attached to the Model 
TI Texturometer of Food Technology Corp., Maryland. 

Cassava Bread Sensory Evaluation 

A 15-member trained taste panel used was comprised
of males and females from ItTA and reprt-sented the low
ard middle-income groups of Nigeria. The cassava 
bread quality attributes evaluated included texture, 
sweetness, taste, crumb color and structure, and overall 
general acceptability. The results were subjected to 
ANOVA, using an SAS (SAS Institute Inc., Cary, North 
Carolina) software package, with Duncan's Multiple 
Range Test used to determine the comparative degrees 
of significance. 

Results and Discussion 

of Different Additives 
The cassava bread loaves baked with various combina

tions of fat, egg white, and xanthan are shown in Figure 
2: the effect of the additives on loat volatnes, specific 
volumes, and crumb characteristics are presented in 
Table 2. Cassava bread baked without fat or any other 
additive (the control) collapsed in the oven and had a 
typically coarse and irregular crumb structure, and 
gummy texture. The subsequent addition of 4 g fat 
slightly improved loafand crumb characteristics. It was 
previously shown (Eggleston et al. 1992) that margarine
increases the amount of air entrapped in the bread batter 
at the mixing stage (as indicated by their lower batter 
densities), which subsequently increases the maximum 
gas retention attained. 
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Table 2. Loaf volume characteristics. 

I.oaf volume 
Additive (ml) 

Nil (control) 393 

4 g fat 418 

4 g fat + xanthan 418 

10 g fat + xanthan 436 

I0 g fat + xanthan 531 
+ egg white 

l0 g fat + egg white 508 

Loaf specific 
volume (ml/g) 

2.06 

2.21 

2.03 

2.05 

2.46 

2.45 

Ciunib 
characteristics 

Large gas cells, uniforn crumb; 
slightly gunny, slightly depression 

Fine gas cells; uniform crumb; 
slightly gummy: slight depression; 
soft texture 

Fine gas cells; uniform crumb; 
slightly gummy; slight oven rise 

Fine gas cells; partially uniform 
crumb, slightly gu nimy; soft and 
spongy texture; good oven rise 

Fine gas cells; very uniform crumb; 
soft and spongy texture 

Very fine V;as cells; uniform crumb; 
not gummy; very soft and spongy 
texture 

Figure 2. Alternative cassava breads baked with cassava flour with, left to right, basic formula (control), basic 
formula + egg white + 10g fat, and basic formula + egg white + 10 g fat + xanthan. 

A 

M 
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The addition of egg white and 10 g fat to the control 
formula significantly improved the bread, increasing 
the volume by 29%. Not only did the egg white prevent 
the loaf from collapsing; it produced avery uniform and 
fine crumb structure, enhanced the crumb color, 
removed the inherent gumminess of the cassava bread, 
and gave a very soft texture. The egg white acts primari-
ly as astabilizer (Eggleston et al. 1992) to the relatively 
unstable batter. 

The addition of xanthan gum to the basic bread 
formula prevented the loaf from collapsing and im
proved oven rise and loaf volume. The preservation of 
structure and reduction in loss of entrapped gas can be 
attributed to the unusual ordered conformation of the 
polysaccharide, giving an inter-molecular network 
which-at the sAlt level present in the batter-would be 
stable to a very high temperature (Norton et al. 1984). 
However, the best loaf was produced (35% volume 
increase) when 10 g fat and egg white were present with 
xanthan' in appearance and softness this loaf most 
resembled a normal wheat loaf. 

Bread Crumb Properties 

The extent of starch gelatinization in bread is important 
because of its role in determining the distribution of 
moisture in the baked loaf and its effect on bread crumb 
quality and in the changes that occur after baking.
Previous workers (Kim and De Ruiter 1968) acknow-
ledged the need to retard gelatinization of cassava starch 
in cassava-soy breads "in order to avoid an excessively 
rubber, final product." Because the hydration capacity 
and blue values of bread crumbs have been used by 
earlier workers ( Yasanaga et al. 1968), these properties 

Table 3. Cassava bread crumb measurements." 

Crumb moisture 
Additive ( C ) 

Nil (control) 54.6 ± 0.5 
4 g fat 55.2 ± 0.4 
4 g fat + xanthan 57.1 ± 0.4 
10 g fat + xanthan 56.5 ± 0.7 
10 g fat + xanthan 
+ egg white 53.8 ± 0.1 

10 g fat + egg white 51 .9 ± 0.6 

(Values are means ± SD. 

were used to compare the extent ofstarch gelatinization 
(hydration capacity) and solubilized starch (blue value) 
in the cassava breads. These parameters, along with 
crumb moisture content, are presenied in Table 3. 

Generally, the percentage of different crumb mols
ture contents were only slightly lower than their respec
tive baking absorptions; this could be attributed to 
evaporation during baking. However, the breads which 
contained egg white had significantly (P<0.0 I) lower 
moisture content and were less gutnmy/rubbery. 

Among the cassava breads, the baking absorption 
was higher (by 2 n ) br the xanthan ortnulation than 
for the others. The hydration capacity was also higher,
indicating that the xanthan gum was not fully hydrated 
in the bread, and could therefore still imbibe consider
able amounts of water. 

There was a notable difference in the relatively low 
hydration capacity and blue value of the bread which 
contained eg, white. The presence of egg white, there
fore, markedly reduces the extent of starch gelatiniza
tion, swelling, and solubilization. This could be 
attributable to the emulsification properties of the egg 
white proteins (Davies 1986) which may have been 
responsible for a delayed and therefore reduced 
gelatinization. However, as we reported previously t1g
gleston et al. 1992), it is more likely that the protein 
network created by the coagulation of the whisked egg 
white proteins in the early stages of baking acted as a 
barrier tot he limited water supply available in the bread 
re,:vhing the starch, thus hindering starch gelatinization 
and swelling. 

Crumb hydration Crumb blue 
capacity (%) value 

557.6 ± 3.3 0.20 ± 0.02 
593.6 ± 1.1 0.18 ± 0.01 
695.2 -4.9 0.29 ± 0.01 
639.7 ±4.8 0.26 ± 0.01 

490.5 ± 2.6 0.18 ± 0.01 
395.0 ± 2.9 0,19 ± 0.01 

C.
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Sensory Evaluation Effect of Varietal Differences
 

A multi-comparison scoring difference test was used to 
determine if there were any perceived differences 
among the cassava breads (Table 4) and alocally bought 
wheat bread (specific volume = 3.64 mi/g). The test 
showedthat there were significant differences(P<0.05) 
in bread quality. The cassava bread control (no addi-
tives) and loaf with 10 g fat and xanthan had significant-
ly (P<0.05) lower quality scores. 

There was a substantial improvement over the cas-
sava bread control for the general acceptability of the 
loaves with egg white and 10 g fat or egg white, 10 g 
fat, and xanthan; this is mainly attributable to the im-
proved loaf textures and crumb structures (Tabic .'). 
Furthermore, even though the loca: wheat bread had a 
comparative "excellent to very good" acceptabilitY 
score, cassava breads still had a"good" score. However, 
comparison to wheat bread is limited, because cassava 
products are produced using a baking technology \'.)' 

different from conventional wheat/dough proceuures 
and their marketability would more likely succeed if 
they were viewed as new "alternative bread' products 
in their own right. 

Keeping Qualities 

Changes in crumb firmness, as measured by the resis-
tance to shearing force, are shown in Figure 3. The 
loaves with egg white and 10 g fat, or egg white, 10 g 
fat, and xanthan kept for three days which is comparable 
to the locally bought wheat bread. On Day 4 the wheat 
bread was very stale and the cassava breads spoiled. 

The results presented in this paper have been on the use 
of one cassava clone, TMS 90042. However, the variety 
(or clone) of cassava used to produce flour significantly 
affects bread quality. Those flours with a relatively high 
diastatic activity (i.e., below 150 mg maltose) and in
directly low maximum paste viscosity produce dense, 
pudding-like structures, and are therefore not suitable 
for bread making (Eggleston et al. 1993a, b). In a 
previous experiment (Eggleston et al. 1993a, b) where 
we screened seven IITA-improved cassava varieties and 
one local Nigerian variety "Antiota" for breadmaking 
ability, diastatic activities differed by almost afactor of 
two from 115-208 mg maltose. These values were sub
stantially higher than the value (2.5) observed by Rasper 
et al. (1974) for aflour prepared from "Ankra", the most 
popularly cultivated cassava in Ghana at that time. This 
suggests that the diastatic hydrolytic enzymes - and 
B-amylases vary considerably with genotype, although 
preharvest age of the cassava was not reported by 
Rasper et al. Furthermore, the diastatic activity appears 
to be very dependent (Eggleston et al. 1993a, b)on the 
moisture content of the freshly harvested tuberous root 
ir = 0.80, P0.02), which is probably because water 

activates the enzymes. Recently, we studied the effect 
of preharvest age and environment on flour properties. 
The diastatic activitie,; of the cassava flours changed 
substantially over an 18-month cultivation period 
(August 1989-January 1991), and the pattern of change 
closely paralleled the moisture content of their respec
live tuberous roots (Fig. 4). Therefore, those times of 
the year when tuber moisture contents are high, for 
example in the rainy season, flour diastatic activities are 

aFable 4.Taste panel evaluation using a multiple comparison scoring difference test 

Sample Sweetness Texture Crumb color Crust color Crumb structure Taste Acceptability 

Control 4.79c 5.79" 4.64c 4 ,9 3d 5.64 1 5.36, 5.5(Y 
10 g fat + 

egg white 3 .71b 3.711' 3.14b'r 3.00 b 3.211' 3.641 ' 3.86b 

I0 g fat + 
xanthan 5.85 1 6.07' 4.79 e 4.36"1 5.14('/ 5,57c 5.64C 

10 g fat + egg 
white + xanthan 3.81"1 3.86") 2.711) 3.28" 3.36' 3.93 ' 3.711' 

Local bread 1.57 a 1.78" 1.57" 1.79" 1.64" 1.71" 1.36" 

"Sample scores are based on a7-point scale with I = excellent, 2 = very good, 3 = good, 4 fair, 5 = poor, 6 = very poor, 
and 7 = unacceptable. Sample score means with different letters are significantly different (P<0.05). 
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Figure 3. The effect of storage time on alternative Figure 4. Effect of preharvest tuber age on tuber 
cassava bread texture, moisture and flour diastatic activity (%). 
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high and potential baking properties less. Moreover, the Conclusion 
method of flour drying may he critical. We compared
sundrying (32 ± 2C)and oven drying methods (55"C): Small amounts of locally available margarine and eggthe sundried flour had a diastatic activity (46 mg of white, alone or with xanthan gum, can be used to prod
maltose) approximately one quarter of the corresponding uce alternative and nutritious cassava breads. These oven dried flour (182 mg maltose). This suggests that breads have acceptable organoleptic and keepirg
sundrying is a much more effective method for reducing qualities. Unfortunatel), at the present time, the unusual
diastatic activity and that drying effects warrant further thcrto-gelling xanthan gum has to be mported and,
in vesti gat ion, until it can be cheaply produced in developing countries. 

Cassava flour diastatic activities and maximum the xanthan-cassava bread will not be cost effective.paste viscosities can therefore be used as screening However, egg white and margarine are invariably foundparameters by cassava breeders for cassava improve- in such countries and are therefore more economical to 
mer.t. These results also suggest that cassava preferably use. Successful production and marketing of theseshould be harvested at those times of the year when the breads will ultimately depend on if there is a good andmoisture content of the tuberous roots are relatively low, constant high-quality supply of cassava flour to tile e.g., in the dry season, and that the flour should be bakers, and if economic constraints can be overcome.sundried to maximize baking use. Selling these products as atnew convenience product, 
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which consumers can dip into their stews and soups (in 
the same manner as wheat bread is often eaten in 
Nigeria), and creating a new, alternative name would 
probably enhance implementation. 
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Solar Dehydration of Cassava
 
for Production of Flour for Local Foods in Kenya
 

JasperK. hnungi' 

Abstract 

Kenyans subsist for the most part on maize and wheat-based foods. The rapid population increase,
however, has not been paralleled by acorresponding increase in maize production and has increased the 
need for wheat imports. This situation has led to the consideration, on a national basis, of the use of 
composite flours as potential alternatives to expanded maize production and increased wheat importation.
This paper reports on the attempts to produce cassava flour for combining with maize meal in ugali,
sorghum and millet flours in uji, and wheat flour in mandazis. Evaluations were also made on the 
shelf-stability of flour under the prevailing weather conditions in Kenya and in packages commonly used 
for milled cereal product storage. 

Cassava slices 2-mm thick were dried within 5 hr during fine, sunny weather, and were milled to produce 
good quality flour. Up to 50%/ of the composite flour was acceptable in uji and mnandazi. but only up to 
20% was tolerable in ugali. The flour maintained good color and organoleptic properties for up to6 months 
of' storage. Results indicate that cassava flour has excellent potential for combining with milled cereal 
products in tiqali, iuji, and mandazis. 

Key words: cassava flour, composite flours, Kenyan foods. 

Introduction self-sufficient in wheat and, therefore, has to rely heavi
ly on imports to meet the large and growing domestic 

The tnajority of Kenyans subsist on a traditional diet demand for wheat flour, both in the baking industry and 
primarily consisting of maize. Among the main foods for domestic use. 
made from maize are ugali (paste prepared from maize Recently, the Government has launLhed several 
meal) and uji (porridge prepared from maize flour). Uji initiatives to improve the availability of these foods. 
is also prepared from other cereal flours such as sor- One means for doing this has been intensitied produc
ghum and millet. Wheat is the second most important tion of drought-resistant crops, mainly sorghum, millet, 

cereal food crop in Kenya. In addition to conventional 
oven-baked hread, wheat hlour is also prepared into cassava,with maizeandandsweetpotato,wheat. Indeed,and usingin I them;,WX in compositesthisto oversee 

h azmandazisflat bread)(doughnuts or buns) and chapati(unleavened wt n ha.Idei 98t vre [tventure, the government created a new Ministry of 
Reclamation and Development of Arid, Semi-Arid and 

Wastel-nd.
Kenya's population growth rate isoneof the highest 

in the world and far outstrips increases in food produc- Cassava is one of the marginalized crops in Kenya. It 
tion. Occasionally there are maize shortages, especially is, however, widely cultivated and consumed in various 
in times hollowing a drought. The country also is not forms throughout the country. In western Kenya, within 

Departmcnt (if rood Technology and Nutrition (DFTN). Faculty of Agriculture. University of Nairohi (LION). P.O. Box 29053. 
Nairobi. Kcnya. 
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the Luhya and Luo communities, cassava is cut into 
small chunks and sun dried, then milled or pounded into 
flour. This flour is then mixed with maize meal to make 
ugali. The dried chunks and flour find their way to 
various urban markets including Naiobi. In addition to 
its use in making ugali, cassava flour is hilended with 
maize, sorghum, and mY'let flours for porridg,. Cur-
rentlv some composite flours for porridge blends are 
available on some supermarkets shelves in Nairobi. The 
pnce of cassava flour in the market place is not govern-
ment-ctntrolled and i touch wi lau , prt,, fit 1 
go~ernnient-contr, lied maize and wheat flours. The 
ca,.sava-cereal flour composites will sell at a price corn-
parahie to the price ofpure flour from the corresponding 
cereal. The current prices are for wheat ftour Ksh 
12.1 5/k L 'S$ 0.43), for maize meal Ksh 6.85/kg (It'S$ 

(1.23 1,and for cassava flour Ksh 5.00/kg It S$ (.1(). 

Intensification of cassava production would boost 
farmers' incomes. Combining cassava flour with maize 

,ind wheat milled pro6ucts would also increiase availability 

of the commodities at potentially 'educed prices. 

The Research Project 

From October 1988 to September 1989, the University 
of Nairobi It ON) Department of Food Technology andM 
Nutrition (DFFN) conducted research on production of 
dehydrated cassava flour for incorporation into cereal-
based Kenyan foods. The study's goal was to impact the 
whole country, but particularly Western Kenva(Nyanza 
and Western Provinces), and some parts of the Rift 

Valley and Coast Provinces, as well as all the urban and 

rural areas served by the millers who might adopt the 

composite flour production technology. The liON is a 
statutory institution which works very closely with other 
(%ovc,'ment orgzanizations to solve national problems, 
The DV1'N is affiliated with the Ministry of Agricultilre, 
which has atitrong Extension Department for transmit-
ting research results to users. The D)FTN provided all the 
facilities for flour production and testing. Funding for 
the project was provided by the International Founda-
tion for Science (IfS) and the Swiss Development Co-
operation (SDC). 

Objectives 

The objectives of the study were to evaluate: 

solar d of cassava 
srdrying cs slices for flour prducti 

* 	 possibility of incorporation of the cassava flour into 
mandaztis, uji, and ugali; 

e 	 acceptability of these foods to Kenyans; and, 

a 	 shelf-stability of the cassava flours. 

Organizational aspects 

The Dryland Research Station (DRS) of the Ministry of 
Agriculture is situated at Kaiumani, southeast of Nai
obi, in Machakos District. The station provided cassava 

of different varieties for the study. Commercial cassava 
was purchased from the markets around Nairobi. This 
cassava normally comes from agricultural areas near 
Nairobi, but could come from as far away as Nyanza 
Province (500 kin) and Coast Province (40 km). Cas
sava was dried in comparative trials to check for varietal 
differences in drying characteristics. 

Aspects of production and 

processing 
Cassava forms an important subs',;tence crop in West

ern, Nyanza, and Coast Provinces. Together, the three 

provinces produced over 94% of the approximate na
tional production of 210,000 t in 1985. Nyanza Province 
alone pioduced about 59(. 

Most of the cassava in Kenya is intermropped with 
maize, sorghum, beans, or bananas. It is rainly con
sumed in its production area, although some fresh rots 
and dried products find their way to distant markets 
within the country. Although over the last decade a few 

deaths have been associated with cassava consumption, 

most of the cassava grown in the country have been 

found to be of the sweet type (Imungi 1986). 
l)ehvdration of cassava results in a highly stable 

product from a highly perishable commodity. Dehydra
tion also reduces bulk, thereby reducing transportation 
and storage costs. 

Roots for processing were obtained from either DRS 
or nearby markets and within 6 hours were washed, 
peeled, and split in hall'. The halves were left submerged 
in water overnight. The following morning, the root 

halves were sliced into 2 imm slices with a Lip's Kitchen 
Slicer, then the slices were washed with tap water to 
remove surface starch. After draining, the slices were 

spread on galvanized wire-bottomed wooden trays in a 
,,olar dr.er with free air flow. They were dried until they 
achieved a moisture content of approximately 10%. The 
dried slices were milled into flour in the semi-commer

cial hammer mill which is conventionally used for 
milling maize at the village level. 
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Parameters used for evaluating the flour production 
process were the yield, color, blue value index, and the 
particle size distribution of the flour. There were no 
significant varietal differences between the flours from 
DRS-provided cassava and market cassava. Cassava 
roots from the market, therefore, were used for sub-
sequent trials. 

Flour yields averaged 40% from slices and 36% 
from unpeeled roots. The final flour color was good, 
while the blue value itdex indicated a very low percent
age of damaged starch granules. The particle si7e dis-
tribution of the flour was more similar to that of maize 
meal than thatofeithcr wheat, millet, or sorghum flours. 

The flour was incorporated into ugli, millet i, 
sorghum uji, and mandazis, each at levels of 0, 10, 20, 
30, 40, and 50%. All products were evaluated 1r color, 
appearance, taste, and mouth-feel on a seven-point 
hedonic rating scale using a 12-member laboratory sen
son' panel. Statistical analyses of the results showed that 
mandzis and uji of acceptable quality could be 
prepared from wheat, millet, and sorghum flours, sup-
plemented with up to 50%1 cassava flour. Only 20%plemnte wit cssaa hur. nly20%upto 0% 
cassava flour could be tolerated in ugali. (Igalicontain-
ing more than this level of cassava flour was considered 
undesirably sticky. A 1985 study by DITN showed that 
cassava flour could substitute fo,wheat flour up to 15% 
in oven-baked bread without aterng either loaf volume 
or sensory properties. It can be assumed that the same 
levels of cassava flour in wheat flour that ., re accept
able for mandazis would be appropriate for chapatis. 

Cassava flour was stored at 22, 28' and 33C in 
both brown kraft paper bags and 150-gauge plastic bags.

These storage temperatures represent conditions in the 

country's highlands (22°C), lowlands (28C), and sea 

coast (330C). The flours were found to store better in 
kraft paper bags than in the plastic bags. After six 
months of storage, however, the flour in both type. of 
packaging did not change appreciabl, in moisture, 
color, and sensory properties. 

Constraints and Limitations 
During fine sunny weather (January-April and August-
October), it was possible to dry the cassava slices to 
about 10(/( moisture within one day, from approximate-
ly II a.m. to 4 p.m. However, during the rainy seasons, 
it was not possible to effectively (fry the slices in even 
two days. This resulted in mold growth on the slices and 
a darkening in theircolor. During bad weather, the slices 
could be dried in an air-oven or in a dryer with forced 
heated air. 

The project was limited in scope because it had to 
be accomplished withi; the time frame (12 months) and 
budgetary allocation (Ksh 1,800 = Us$ 600) for M.Sc. 
projects at tON. The supplementary funding from IFS 
helped only to finance the drying, not the subsequent 
operations. 

Project Evaluation 

Results from the project would be of direct benefit to 
cereal millers when they begin to implement the com
posite flour policy. Part of the results of the study 
already appears as a publication (Imungi and Onyango1990), while another part of the results has been sub
mitted for publication (Onyango et al. 1991). All the 
study results, however, have been published as a thesis 
(Onyango 1991). 

The results of the study would also be useful to 
village-level cassava dryers in western Kenya who, 
instead of storing dried chunks, would mill and store the 
flour either in plastic or kraft paper bags. Finally, the 
Govrnet of Ka, tr theexesinaervie 
Gernment of Kenya, through the extension service of 
the Ministry of Agriculture, will find it easier to imple
ment the composite flour policy because the preliminaryresults of this study indicate that cassava certainly can 
be used for such purposes. 

Future Prospects 

To complete the project and therefore make it more
 
meaningful and useful, the following activities will
 
need to be accomplished.
 

e Conduct a market study to evaluate the acceptability 
of the composite flour and its products to the Kenyaii 
community. 

Evaluate storage stability of the composite flour in 
conventional packages and under conditions prevail
ing in the country. 

* 	 Conduct a cost analysis of cassava and composite 
flours production for commercialization. 

* 	 Conduct on-farm drying trials of cassava slices for 
flour production. 

e Educate extension staff on the technology of produc
tion of cassava and composite flours to facilitate their 
extension of the technology to farmers. 
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Cassava as an Alternative Raw Material 
for Weaning Food Manufacture in Nigeria 

I. A. Adeyemi andO. L.O,-e1 

Abstract 

Weaning foods, commercial and traditional, are manufactured or prepared in Nigeria mainly from cereal 
grains and legumes, yet cassava is a potential constituent of infant foods. Factors limiting the use of roots 
and tubers in weaning foods are critically examined in this paper. Prospects for the adaptation of an 
intermediate process for weaning food manufacture are presented, and the relevance of the intermediate 
technology to weaning food manufacture from roots and tubers is discussed. 

Key words: flour, processing, limiting factors. 

Introduction 
Cassava (Manihot esculenta), often referred to as 
"tropical staffof life," is the most popular of all root and 
tuber crops in most African countries (Onayemi 1982). 
Like other root and tuber food crops, cassava is 
processed into flours which are prepared into various 
food gels or consumed as boiled, fried, or as pounded 

food products (Oke and Adeyemi 1991). 


Descrphon of the Problem 
Nursing mothers i,Nigeria, as in other developing 
coi~tries, depend on two sources for weaning foods. 

'ncse are from eithercommercial or traditional sources 
w~in i large percentage relying on traditional weaning 
foods. Although instant weaning foods which are of 
high nutritional value are produced in Nigeria by drum 
drying, extrusion, or spray drying techniques, the cost 
of such manufactured foods exceeds the means of those 
who need them (Adeyemi 1988; Adeyemi et al. 1989). 
Consequently, infantsare weanedon starch-based foods 
such as ogi porridge or inashed boiled yam or sweet-
potato whict is the usual pattern in most developing 
countries (Jansen 1982). Adult foods contain a higher 

proportion of fiber and water which also could 
precipitate malnutrition in infants (Malleshi et al. 1989). 

Commercial weaning foods are formulated to meet 
the nutrient requirements of the infant in terms of ener
gy, protein, vitamins, and minerals. Raw material selec
tion is, therefore, considered from the nutritional point 
of view. InNigeria, cereals, especilly maize !nd sor
ghum, are employed in traditional weaning food 
preparation while commercial processors mainly use 
maize. Currently, there is a demand for cereal grains as 
food and as industrial raw materials. This trend has 
adversely affected the availability of weaning foods ataffordable prices. 

In attempting to reduce the incidence ofundernutri
tion among infants, substitutes for cereals in weaning 
food manufact.re need to be found. Such substitutes 
would include rools and tubers, especially yam, cas-
Sava, sweetpotato, aid cocoyan. Although the us,- of 
root and tuber crcps such ispotato and cassava. in 
weaning food mantfaicture has been reported (Kaur and 
Gupta 1982; Tr~che and Massamba 1991: Idowu Ct al. 
1991 ), their use in Nigeria isnot common. Identification 
of an appropriate technology for weaning food 
manufacture would go a long way toward finding a 

Researcher. Department of Food Science and Engineering; and Researcher, Department of Pure anld Applied Chemistry, Ladoke 
Akintola University of Technology, Ogbomoso. Nigeria. 
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lasting solution to the problem of infant malnutrition 
(Adeyemi 1988). 

Weaning FofromWg Food Manufacture 
from Cassava 

gelatinized and pregelatinized. 

Urigelatinized weaning foods. This group of weaning 

food needs further preparation (cooking) by the nursing 
mother. Flours from cassava can be used as weaning 
food depending on whether the cassava mash is fer-
mented or not. Any of the steps or procedures given in 
Figure 1 could be employed for cassava flour prepara-
tion. However, the process of fermentation, which isaccompanied by pressing out excess water,assists inthe
 
.ic!lopi byt,pessinoutv exe cassaa.i 
reuction of' th, level of cynide in cassaa. 

Precooked wearning foods. These are classified as in-

qtant weaning onds since they do not need any further 
preparation hy thc mother except reconstitution, which 
invvolfes adding warn or hot water. The manufacturing 
technology 'or precooked weaning foods includes 
druin-drying or extrusion cooking. However, steam 
blanching in a Barlett steamer has been suggested as an 
intermediate technology feasible in developing 
countries (Adeyemi et al. 1989). 

The Barlett Steamer 

The Barlett steamer is a device which generates steam 
abuilt-in gas "ired boiler. The steamer contains a 

chamber within which perforated trays are arranged for 
easy steam penetration. The trays are aoove the steam 

source. The chamber is constructed on a device within 
which gas paths and drainage are provided. The proce
dure for the preparation of pregelatinized cassava i-lour 

with the Barlett steamer is shown in Figure 2. 

Preliminary investigation with cocoyam showed 
that steam blanching for 15 min significantly reduced 
the peak viscosity of the flour samples (Fig. 3). The 
amylograms of the unfortified and soy-fortified 
cocoyam products indicate that these could be classified 
as instant products which need addition of warm or hot
 
water without further boiling. It is feasible, therefore, to 
adopt a similar procedure for the preparation of 

precooked cassava flour. 

Product Fortification 

Both the uncooked and precooked products can be 
fortified with plant or animal protein sources. Further
more, fruit-flavored products can be prepared not only 
as a means of improving the vitamin and mineral level, 
but also to improve the aesthetic value of the products 
(Adeyemi 1988). The proximate composition of some 
soy-fortified weaning foods is presented in Table I. 

Table 1.Proximate composition of flavored and soy-fortified cocoyan flour and some maize-based weaning 
foods. 

Product 

Cocoyan-based& 
Maize-soy mixb' 
Maize-banana-soy miy. 
Maize-sweetpotato mixil 
Nutrend" 

Moisture Protein Fat Ash (CHO %) by 
% % % % difference 

11.86 13.64 7.51 3.68 63.31 
10.97 14.50 13.10 1.68 70.72 
8.74 22.81 5.15 1.51 60.51 
5.32 14.26 6.41 2.39 67.36 
4.62 15.98 3.06 2.95 73.59 

"A iiix of pregelled cocoyara flour (55%) and whole soy flour (15%).
 
1'Weaning foor prepared bN blendin, steam blanched maize flour (70%) with whole soy flour at (30%) (Adeyemi et al.
 
199).
 

'Drum-dried product of maize-banana-whole soy flour slurry blended at 7:1:2 (Adeyemi et al. 1991).
 
'Wcaning food prepared by blending steam blanched maize and potato flours with soybean and groundaut flours at
 

4:10:5:1. 
rA commercial weaning food in Nigeria prepared from amixture of maize and soybeans. 
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Figure 1. Flow chart for cassava flour preparation. 
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Figure 2. Flow chart for the preparationof pre- Limiting Factors in Cass-va 
cooked cassava flour. While cassava is a feasible alternative to cereals as an 

energy source in weaninig foods, some of the factors 
limiting its use are the following: 

High moisture content. Cassava is high in moisture 
v r (50-80%) with a dry matter content of between 7% andCassava roots 40%. The high moisture content affects its keeping 

quality and material yield. tlowever, if steam blanching 
is used to prepare an instant weaning food, high mois
ture content is desirable because this eliminates the 

Cleaning/washing steeping required for cereal grains.4Toxic constituents. Cassava contains cyanogenic
glycosides in the form of linamarin and to a lesserextent

Peeling lotaustralin. The cyanogenic glycosides produce 
Phydrocyanic acid (ItCN) when the action of an en-

Peels dogenous enzyme, linamarase, is initiawd by crushing 

orotherwise damaging tile cellular structure of the plant 

Washinglsu!phating (Tinay et al. 1984). Using cassava roots for both human 
and animal nutrition appears to be limited by tile 
presence of these cyanogenic glucosides which Could 
be eliminated during processing (Tinay et al. 1984; 

Dicing Arihantana and Buckle I 78). -lowever, the extent of 
reduction or losses would depend om the processing 
technique. There is a need to carry out toxicological 
studies on weaning foods froin cassaiva manufactured 

Steam blanching by different processes. Furthermore. studies should be 
conducted to evaluate the use of cyanide-tree cassava 
as a constituent of weaning foods. 

Drying characteristics. Cooked root or tuber dices 
Draining have a very dense structure resulting from partial or 

complete gelatinization of the starch granules. As a 
consequence the material dries very slowly at an enor-

Ing mous energy cost (Ngoddy and Onuo;hj 1985).Drying 
(cabinet dryer) Nutritional quality. Cassava is an excellent source of 

digestible carbohydrates and therefore energy, but a 
poor source of protein. In using cassava flour for wean
ing foods, fortification with a protein source, vitamins,

Milling and minerals would be desirable. This should be com

plemented with extensive nutritional studies on such 
weaning foods. 

Sieving Choice of techuology. One of the advantages ofa steam 

blancher (i.e., Barlett steamer) is its feasibility for use 
in a rural setting (Adeyemi et al. 1989). +owever, it is 
necessary to carry out an analysis on the comparative 

Cassava flour cost advantage of using this process in producing 
E(precooked) pregelatinized cassava flour over other techniques such 

as drum drying. 
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Figure 3. Amylograph pasting viscosity of cocoyam flour sampls. 
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Conclusion 
The major constraint in the manufacture of an instant 
weaning food, especially in developing countries, is the 
low rate of coinmnercialization of conventional tech-
nologies such as drum drying or extrusion cooking, due 
to capitalization cost which eventually results in a cost 
of such manufactured foods eceeding the meatis of 
most nursing mothers (Milner 1969; Gupte 1972). 
Therefore, the use of intermediate technologies to 
develop instant and nutritious weaning foods has been 
suggested (Gupte 1972). It is feasible, therefore, to 
design an integrated intermediate process for weaning 
food manufactUr, using cassava as one of the basic raw 
materials tocomplement orreduce the demand on cereal 
grains. 

Furthermore, there would be a need to characterize 
cassava-based weaning foods from organoleptic,biochemical, nutritional and theological parameters. in 

addition, storage stability, based on packaging materials 
and storage conditions, should be evaluated to establish 
the performance of the product under market condi-
tions. 

" -" 

40 50 60 70 80 90 
Time (min) 
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Introduction of Gari Making in Burundi 

M. Beavogui 

Abstract 

Burundi produces 650,000 t of cassava annually, with the postharvest loss rate estimated at over 30%. 
All cassava by-products (flour of inyange, ikiynde, or muswage cake) take a minimum of 15 days to 
process from fresh cassava. Moreover, these by-products can be preserved for only amonth. To reduce 
losses, peasants leave cassava roots in the ground. Not only do losses still occur; but, in such an
over-populated country (average of 400 persons per ha), every piece of so;I isneeded and farm lands are 
used extensively every year. It was therefore suggested to introduce gari-making into the country because 
it can be produced in only 3-5 days and can be preserved fo, a year or more. The project has used
demonstration units built and supported locally as amethod to promote specific products in surrounding
rural areas. The equipment designed are a grater, apress, a roasting oven, and a mill. After two years,
there are eight private gari-making units which each produce 500 kg ofgari from 2t of cassava weekly.
Many other private concerns are in the process of installing new units. 

Key words: processing, cassava, gari. 

Introduction 

In 1987, a United Nations Development Program 
(UNDP)/Food and Agriculture Organization (FAO) 
project, Promotion of Artisanal Food Processing Tech-
nologies, was begun in Burundi. The general long-term 
objective of the project was to contribute to the value-
added of staple food production for the benefit of 
farmers. The main reason forestablishing such aproject 
w;,s the understanding that one of the most important 
ways to increase agricultural production is to improve 
postharvest activities, i.e., processing, storage, and 
utilization. Moreover, the Government of Burundi con-
siders improving food processing to be an activity with 
a direct impact on food self-sufficiency. 

The short-term objectives to be reached were 'to: 

" 	identify and adapt suitable food processing tech-
nologies for local agricultural products; 

" 	identify and adapt corresponding equipment; 

9 assist associations or individual entrepreneurs to ac
quire the technologies and corresponding equip
ment; and, 

e assist in the popularization of proven technologies. 
The 
The objective of this paper is to share the ex

perience of project activities re'ated to work on cassava 
processing. Of most interest is that the project intro
duced a cassava by-product, gari, which was entirely
unknown in Burundi. Within one and a half years. gari 
was sold for consumption in rural areas ar towns more 
or less under the conditions of a free market economy. 
How d d it happen? This paper answers that question. 

Why Gari? 

Cassava is,after beans, the main staple food in Burundi. 

Total national production in 1988 wvas estimated at 
600,000 t.The cassava grown is mainly the bitter variety 
which ismostly consumed in the form of flour or cake. 
These are obtained after a lengthy process of dry or
humid fermentation. Unfortunately, various problems 

I Chief Technical Adviser. Food and Agriculture Organization of the United Nations (FAO), Bujumbura, Burundi. 
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associated with processing and preservation lead to a 
postharvest loss of over 30%. 

All cassava by-products in Burundi require 12-15 
days for processing from harvest to finished p:;-duct, 
and these cannot be preserved for more than 15 days. 
As a consequence, the cassava roots are left in the soil 
for presei vation. This solution extends the occupation 
of land which could better be used to plant other much 
needed crops. Cassava left in the soil also leads to a high 
rate of pulp destruction. 

To overcome the above-mentioned constraints, in-

troduction of acassava by-product, on an experimental 
basis, was suggested. The selected by-product was gari, 
a fermented pregelatinized and dehydrated product. It 
is consumed by millions of West Africans, but was 
unknown in Burundi. The production process takes only 
3-5 days, and gari can be preserved for more than ayear. 
Another advantage in the present case is that the taste 
ofgari isnot too different from ignange, a product made 
from local cassava flour. 

Technology Selection 
Inorder to proceed with the experimental production of 

piot frmes, ad podut prmoton,gari trinin of 
gero,training of pilot farmers, and product promotion, 
the project installed two experimental centers. The equip-
ment-a mechanical grinder, screw press, and roasting 
unit-were designed, adapted, and locally manufac-
tured by tile project. Two groups of pilot farmers werezed to ruoncthe twoton 
organized to run the two centers., 

To produce gari, harvested cassava is peeled and 
ground on the same day. The ground cassava is then 
bagged and left to ferment. On the third day it is col
lected and pressed with a screw press. The cake result
ing from the pressing process is disintegrated by hand 
and then roasted. The dry and pregelatinized semolinaobtained from the process iscal led gari. 

The six-month experiment conducted at the two 
centers enabled the project to obtain technical and 
economical data on gari production under prevailing 
local conditions, 

Promotion 
The introduction of any new product under the condi-
tions of acountry like Burundi requires-among other 
specific actions-the selection and promotion of 
entrepreneurs, training, marketing support, and follow-
up. 

EntrepreneurSelection 

The project faced the problem of alack of entrepreneur
ship in the farming sector. It was therefore necessary to 
promote gcri production. In the prevailing conditions of 
Burundi, such entrepreneurs could either be associa
tions or individuals. Farmers, artisans, pilot farmers, 
and active individuals were invited to visit the centers, 
to work there if they wished and to discuss all the aspects 
of the process with the project staff. Non-government 
Organi7ations (NGO) and development project staffs 

working in the area were also invited to visit the centers 
and participate in the experiment. 

After the establishment of techno-economic data 
and having observed concrete results in the experimen
tal centers, farmers and other individuals came to ask 
for assistance in order to acquire the same type of units. 
At that stage, the two experimental units were left on a 
loan basis to newly formed associations of pilot farmers. 

Training 
Training in processing, management, and maintenance 
was given in the experimental centers. The project 

started in t groups whotemselve b eca 
started by training pilot groups who themselves became 
trainers. Such an approach enabled more effective com
munication and reduced the cost of the program. Ses
sions were organized in coordination with local NGO's 
and development projects to facilitate toeir future ac
tivimies in project promition. describing theBookletsBooklets des riingth 
technological process, management of the units, and 

equipment maintenance were produced in both French 
and Kirundi for easy reference. 

tarketn, 

For gari, messages were developed to convince ti~e 
producer of the relatively short processing time required 
and long preservation time; and consumers, particularly 
women, of the easy and numerous ways gari could be 
processed into ready food. The project created a series 
of eight recipes for popularization, produced posters, 
and assisted in the establishment of selling points. A 
radio advertisement was also launched. 

Financing 

One of the major problem faced by any ertrepreneur in 
the sector is the lack of an adequate financing system. 
The majority of existing financial institutions prefer to 
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work through short-term credit, high-interest rates, and 
strong guarantees. The established conditions for gain
ing access to these resources are so drastic that a corn-
mon individual can hardly get through them. At the 
government level, various investment laws do not favor 
small rural production units. It is therefore natural that 
the business of "import and sell" remains the easiest and 
most profitable. 

For all these reasons and in order to help entre-
preneurs in the food processing sector, the project 
launched a study which led to the establishment of an 
entirely new financing system. It was designed to work 
in close cooperation with the Banque Nationale pour le 
Deloppelnent Econoinique, and the Coopirative 
d'Epargm' et du Credit.Loans were given by the two 
financing institutions as usual, but with the advantage 
that the lacking portion of the required guaranty was 
sliptxmrted by a fund called Fondde DLveloppement des 
Technologies Alitnentaires (FDTA). The system is being 
dcveloped in such a way that it will become completely 
independent from the project and the government and 
will be self-sustaining in the future. 

Condusion 

The experience described in this paper shows how 
difficult it is to promote entrepreneurs, particularly in 
the food processing sector. However, agriculture re
mains the area with the most potential in Africa. Also, 
the majority of the population lives in rural areas and 
devotes itself to agriculture. For any economic develop
ment program to be efficient, it must be harmonious 
with the rural sector. That is why the promotion of rural 
enterprises should be a priority. 

This project reconfirmed that enterprise develop
ment needs an appropriate environment with adequate 
inputs, i.e., technology, equipment, financing, market
ing, fiscal policy, etc. The experience has also shown 
that to achieve any result, it is necessary to create an 
institutional framework to promote activities in the sec
tor. Rationally established on the basis of minimum 
needs, it will be most helpful for the promotion of rural 
food industries and therefore contribute to the economic 
development of the country. 

Q2 (i,/
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Processed Sweetpotato:
 
Responding to Kenya's Urban Food Needs'
 

2 
Njeri Gakonyo

Abstract 

Sweetpotato is thought to have considerable unrealized 	potential as a food commodity capable of 
improving the diets of Kenya's rapidly growing urban poor. Key factors in realizing this potential concern 
the tastes and preferences of consumers for different types of processed sweetpotato products and the 
economic feasibility of rural processing. This paper examines these issues in closer detail by reviewing
the results of arural consumer survey to evaluate the acceptability of fresh roots, sweetpotato chips, a 
mash made from swtetpotato flakes, and sweetpotato flour in bread and ugali (akind of stiff porridge
widely consumed in Kenya). Sweetpotato flour was found promising from a gastronomic perspective. 
Furthermore, costs of production estimates indicate such aproduct isprofitable to produce using currently 
available, rustic technology. 

Key words: preferences, bread, flour, costs, returns. 

Introduction 

Kenya's Emerging 	 changed even though more children were surviving to 
maturity. 

Even were the country to immediately lower fertil
Kenya's legendary population growth rates which ity rates to replacement level, the burden of feeding
peaked at about 4.1%in the mid 1980s, threaten to erode those already born isenormous. Most alarming are the 
the gains in food production achieved during the 1960s United Nations' projections whose estimates for the 
and 1970s. Population increased from about 9 million year 2025 range from 62 to 84 million depending on the 
in 1963, when the country achieved independence, to speed at which birth rates fail (United Nations 199 1).
25.8 million in 1992 (FAO 1993). This phenomenon is 	 The food production gains of the early period were 
a result of mortality rates which have fallen faster than primarily achieved through increased acreage under 
fertility rates. Major improvements in health and sani- cultivation, adoption of high-yielding hybrid maize va
tation helped to re. ice crude death rates to the 1992 rieties, and greater use of fertilizers. During the 1980s, 
level ot"9 per thousand from about 17.5 in the late 1960s. however, it appears that food production barely man-
Yet attitudes towards family size remained largely un- aged to keep up with the number of people to be fed. All 

This paper summarizes the findings of a thesis submitted to the Department of Agricultural Economics, Cornell University. in partial
fulfillment of the requirements for the MSc degree, August 1993. The research on which it is hased was carried ou in Kenya) during
June-August 1992 and was made possible hy generous grants from the Cornell International Institute for Food. Agriculture and 
Development. The First Presbyterian Church, The Institute for African Development, the International Potato Center (CIP), and the 
Mario Einaudi Center for International Studies. I wish to acknowledge the contributions of Dr.Peter Ewell. CIP,Nairobi; Dr.Jackson 
Kabira and Mary Anyango. National Potato Research Centre, and. Professor E. Karuri, Department of Food Science and Technology
at the University ol Nairobi. At Cornell. my work was guided by Professor Thomas Poleman and Professor Ralph Christy. I.illian 
Thomas' help with the manuscript was invaluable. 

2PhD student. Department of Agricultural Economics. Warren Hall, Cornell University, Ithaca, NY 14853, USA. 
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indications are that the food situation is likely to worsen 
before it improves. 

Limited Agricultural Resources 
To compound matters, the country's mecager agriculturalTocopoudthmater,contrys mageragrcultral 

resources preclude any great expansion of cultivation to 

bridge the gap between needs and availabilities. Only 
one fifth of the total area is suitable for cultivation, 
concentrated in the western and central regions where 
rainfall and elevation are greatest (Map I ). Population 
density pattems closely tollow the geographical distri-
bution of fertile and well-watered land (Map 2). As a 
result, percapita availability of arable land in these areas 
is extremely low at about 1/4 hectare per person, and 
will fall even further (Lele & Stone 1989). Problems 
associated with the intensive cultivation in the fertile 
regions include soil erosion and deforestation. 

Overdependence on Maize 

Kenya's precarious food supply situation is worsened 
by the contrhs heavy dependence on maize as a 
starchy staple. On average, the grain provides almost 
halfthe caloric intake for the population; the percentage 
mnav increase to 70% for some low-income groups. 
About 90%. of all smallholders cultivate maize mainly 

for home consumption but also for the market (de Wilde 
1984). With so much of the country's nutrition relying 
on this grain, a poor or failed crop means privation for 
many. Furthermore, maize is especially vulnerable to 
rainfall variations as evident in the wide production 
swings during the I 980s. For instance, the 1984 drought 
resulted in a 40% drop in maize production which 
necessitated imports amounting to 565,0(X) t (Lofchie 
1989). Clearly, it is undesirable that the country remain 
vulnerable to food shortages in this manner. 

'I ie Plight of the Urban Poor 

The rapidly growing numbers of the urban poor bear the 
brunt of' the food supply problem because adequate 
nutrition depends on a marketed surplus from the rural 
areas. At 7.9/e per annum, urban population growth is 
almost twice that of the overall population (World Bank 
1992) Fig. I ). Moreover, United Nations projections 
suggest that Kenya will continue to urbanize very rap-
idly': by 20125 it isexpected that over 40 million Kenyans 
will residc In urban areas, representing more than half 
of the to)tal po pulation (United Nations 1991a). The 
hleak employment situation in the towns also means that 
most people living in the urban areas are poor. "Formal" 

sector jobs (for example in manufacturing) are few and, 
at about 3.4% per year, are increasing too slowly to 
absorb the growth in the labor force. Even at this seem
ingly strong rate of job creation, unemployment may 
well increase from about 13% in 1991 to above 20% by 

the year 2000 when the economically active populationwill number 14 million (EIU 1991 ). 

Consequently, most of the urba'r population has to 
resort to low-wage or part-time employment. Opportu
nities in the informal sector, while significant, are nev
ertheless insufficient to provide adequate incomes for 
all who need them. Yet, wage and price trends for the 
five years ending in 1989 suggest that real incomes 
stagnated for salaried workers while lower income 
groups expelienced a deterioration in their standard of 
living. In that same period, retail prices rose steadily by 
over 60% (Ibid.). As a result, food expenditures can 
command an appreciable proportion of the family':; 

income. One household survey conducted in the latter 
half of the I970s reported an average food bill of over 
40% of income in the towns (Central Bureau of Statis

tics 1981). Although more recent figures are difficult to 
obtain, it is almost certain that the situation has not 

improved for the average person in the urban areas. in 
addition, government policies to reduce consumer sub
sidies on food items have meant rising food bills. Evi
dent)y, the demand for food resulting from rapid urban 
population growth is really demand for cheap fxd and 
is likely to increase all the more in the future. 

Sweetpotato's Potential 

Agronomic Appeal of Sweetpotato 

Sweetpotato is an ideal candidate for cultivation under 
the conditions prevailing in the densely populated fertile 
areas of western Kenya. The root's yields in Kenya are 
higher than those of maize and potatoes when compared 
in terms of calories produced per acre (FAO 1993): 

Table 1. Average yields (million calories/ha) in 
Kenya, 1981-91. 

Sweetpotatoes 4.5 
Maize 2.5 
Potatoes 1.7 

Source: AO, Agrostal PC Database /993. 

It is notable that these yields are achieved without 
the aid of fertilizers. Sweetpotato also exhibits drought
resistant qualities which enable cultivation when rain
fall is less than ideal. Indeed, dry weather is desirable 
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Map 1. Kenya: Land potential by province. 
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Source: Jansen, Horelli and Quinn /987. 
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during root development because it promotes the stor-
age of starch and thus helps to increase yields (Kays 
1985). Accordingly, farmers in western Kenya always 
reserve space for sweetpotato in t,:,:vent of inadequate 
rainfall and for the "hungry" periods when other foods 
are in short supply (Gor 19X9). Planting isoften calcu-
lated so that harvesting takes place during the periods 
when other crops are still immature or when granaries 
are empty (Fig. 2). This pattern also suggests that 
sweetpotato does not compete with maize for labor 
Clearly, sweetpotato's ro!e is that of a famine reserve 
fo ul. 

InI warm and wet climates, sweetpotato can be 
gownwyar rondw etcm a haretptingalnogrown all year round and piecemeal harvesting allows 

a cnstnt SUPIVoffod.Thecroisals ai atracivea constant supply of food. The crop is also anlattractive 
choce.rcepo-ror eSOfrmes ecase ropgaton

choice for resource-poor farmers because propagation 
is vegetative. This means that seed storage or purchases 
are unnecessary. Planting material is obtained for free 
from the previous season's harvest or from neighbors 
and friends. In contrast, crops like hybrid maize require 
fresh purchased seed every year in order to maintain 
yield levels. Even when the farmer does not apply 
fertilizer andl forgoes the use of pest control chemicals, 
,wetpotato produces respectable yields. Because the 
croep's roots penetrate deep into the soil, it can make use 
of residual fertilizer from previous crops. It also estab-
lishes itground cover fast enough - within 4-6 weeks 
- tocompete effectively with weeds. ULsually, only one 
or two weedings are necessary. This same ground cover 
helps to prevent soil erosion (acommon problem in the 
hilly fertile parts of the country). Problems with insect 
and fungal pests are few and do not result in significant 
yield losses (moles and weevils are notable exceptions) 
(Woolfe 1992). This eliminates two more major farming 
expenses. 

For rural consumers sweetpotato is a cheap source 
of food energy. Given the low-perhaps even zero--
monetary costs of growing the roots, consumers in 
local markets can obtain sweetpotato at much lower 
prices than other foods. In nutritional terms, 
sweetpotato is an excellent source of vitamin A,espe-
cially in the more orange varieties, while quantities of 
vitamin C are also substantial. However, as with other 
roots and tubers, it is not a satisfactory source of protein 
and must he supplemented with foods having higher 
amino acid content such us legumes. (Alternatively, the 
rx)ts may be combined with the leaves of the plant 
which are a much better Source of protein). Neverthe-
less, swetato compares well with other foods in 
overall nutritional value. 

Some Shortcomings 

Despite the clear potential of sv'eetpotato in helping to 
meet Kenya's food needs, there are important con
straints which prevent its full exploitation in urban 
areas. Because of its bulkiness and perishability, 
sweetpotato is an expensive and difficult commodity to 
transport. For the farmer, these features are also a dis
advantage because the root is of low unit value. This 
may help to explain why, even in Nyanza and Western 
Provinces where production is highest, most farmers 
only plant sweetpo)tato on a very small portion of their 

plots. The greater part of the farm is reserved for more 
lucrative crops such as tea, coffee and maize. The latteraeal ocmadahg rc eas hyaemc
are able to command a high price because they are much 
moeanbltoovetoerogdiacsad 
more amenable to movement over long distances and 
do not suffer from serious perishability problems. 

At the other end of !he marketing chain, 
sweetpotato faces problems of low consumer accept
ability. Even though it compares favorably with other 
starchy staples in terms of nutritive value, it is still only 
used as a form offamine insurance and ranks low on the 
consumer's preference scale. Also, consumers perceive 
sweetpotato as a snack--not as a food which could 
constitute the main part of a family's diet. This percep
tion is a substantial barrier to increased consumption. 
These low consumption patterns are partly responsible 
for sweetpotato's fa~lure to become a more important 
food crop in Kenya. 

Processing as the Solution 

In order to overcome some of these marketing prob
lems, sweetpotato could be modified to achieve greater 
storability, higher unit value, and increased consumer 
acceptance. As Bouwkamp (1985) notes, "...many sta
pie crops are rarely consumed directly in the form in 
which they are produced. The importance of corn, 
wheat, and soybeans in the agricultural economies of 
temperate zone countries is related in part to the versa
tility in their utilization." Transforming sweetpotato 
could remove much of the moisture in order to extend 
its shelf life and to facilitate transportation. For the 
grower, processing could allow greater sales and profits 
due to the value added in the processed product. More
over, the food energy cost of the processed product to 
consumers is likely to be lower than that of the root. In 
this manner, the crop can have greater appeal to produc
ers, marketers and urban consumers in Kenya. 

340 



Figure 1. Population growth in Kenya. 1961-92, with projections to 2025. 
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Figure 2. Agricultural calendar in Western Kenya. 
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Acceptability of Processed 
Sweetp. o 0 

Survey Methodology 
In order to estimate the potential of a new product, food 
marketers often elicit consumers' overall feeling or 
attitude towards the food. A key tool in determining this 
acceptability is the notion of food preference. Defined 
as the deL e of like or dislike for a food, preferences 
play an ir.Lrumental role in the evolution of dietary 
patterns for the individual or the family. Obviously, 
unless extenuating circumstances exist, people will not 
purchase and consume a food which they do not like. 
For the food industry, then, preferences become a cru-
cial indicator of potential markets and possible sales 
trends for products over time. 

1). Elizabeth Randall's conceptualization of the 
individual's acceptability process is an appropriate tool 
for analyzing tile preferences of Kenyan uioan consiin-
ers towards processed sweetpotato products (Fig. 3). 
Randall envisions an initial purely sensory reaction 
which determines preference or refusal. According to 
the model, a refused food will not be consumed unless 
circumstances dictate otherwise. If preferred, tie food 
is subjected to further evaluation according to tile 
individual's socio-economic status, attributes of the 

Figure 3. Randall fo.d acceptability model. 

Preference 

Income 

i2 Ethnicity 

it Age 

Gender 

Acceptance 

Source: D. Elizabeth Randall, personal communication, 

food and environmental factors. These factors known as 
filters, may include income Ivel, method of preparation 
for the food, and season of the year. If the food fails to 
permeate this filtering process, it is rejected. Otherwise 
the food goes on to become acceptable and will be 
consumed unless it is tnavailable. Indeed, accerabilitv 
is considered a reliable predictor of -onsumption for 
measurement purposes. This model was deemed appro
priate for the study because it allows us to separate out 
the important factors which determine whether or not a 
product receives a favorable response from consumers. 
The marketer can then target those populations with the 
greatest inclination to purchase and consume the prod
uct. 

The hedonic category scaling technique allows de
tection of a person's instinctive response to a food. 
Panelists were also requested to make paired compari
sons in order to determine preferences between sam
pies. The study was conducted in Kisumu and Nakuru 
towns between May and August 1992. The rationale for 
choosing tile two towns was to capture tile effect of 
ethnicity: Luos are the predominant ethic group in 
Kisumu, while Nakuru residents are largely Kik ivu. 
Panelist groups were drawn from neither the wealthiest 
northe poorest sections of society. Ineach town. 3(0 each 
of children and adult men and 60 adult women were 
interviewed. There was no great emphasis on random
ization-any cooperation received was accepted. The 

t Refusal 

.. Rejection 
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filters chosen for the study were ethnicity, income, age, 
gender and education and the frequency ofconsumption
ot sweetpotatoes. 

Tile food samples used were forms of processed 
sweetpotatto believed to have substantial promise in 
terms of production and distribution. Previous sti!dies 
by researchers at the National Potato Research Centre 
had identified these products for further evaluation 
(fieldnotes). Samples of sweetpotate chips (crisps), a 
mash made from sweetpotato flakes, 15% sweetpotato 
flour in both bread and ugali (a kind of stiff porridge 
widely consumed in Kenya) were tasted. For the 
latter two food samples, their conventional counterparts 
-all-wheat bread and all-maizemeal ugali.-were used 
to compare acceptability. If the panelists were at least 
indifferent between the two pairs of foods, this was 
considered an indication that the processed forms could 
find markets among these consumers. White and yellow 
varieties of fresh sweetpotato roots were also included 
as controls. The panelists were asked to taste the food 
samples and give their preference rating on a 5-point 
category scale in the following manner: "Do you like 
the lname of the food samplel?" 

1 2 3 4 5
 
No, Not very I cannot Yes. Yes 


not at all much decide a little very much 


After tasting all the foods, panelists indicated the 
most and the least liked sample. 

Survey Findings: The Preference 
Hierarchy 

The results of the taste test surveys are encouraging in 
terms of the acceptability of processed sweetpotato in 
urban markets in western Kenya. The broad findings are 
presented in Figure 4. Each chart presents the cumula-
tive proportion of responses that fell in each category. 
Thus, for the white sweetpotatoes, less than 10% of the 
panelists indicated categories I, 2, and 3; about 20% 
chose number 4 and the rest awarded the roots the 
maximum score of 5. Clearly, the roots and the crisps 
were the most acceptable forms of sweetpotato as 
shown by the large shaded areas reaching the 4 and 5 
level. The ugali made from composite flour made a 
significantly favorable impression, almost identical to 
that of the loft% maizemeal control. Some panelists 
could detect the sample's slightly sweet taste; it was 

mentioned that the ugali would probably be more ac
ceptable if the sweetness was suppressed. 

The picture is quite different for the sweetpotato 
bread which fared poorly compared to the all-wheat 
bread. However, these results must be viewed in light 
of the fact that the sample tended to lose freshness rather 
rapidly. Thus, it is probable that in more optimum 
conditions the average score would be higher. 

For the mash, acceptability was about evenly divided 
between the like and dislike categories. This food was 
most often mentioned as the least liked sample and had 
the lowest mean score for the whole survey. Given tile 
almost complete lack of taste for this food, it was even 
surprising that some people responded positively to
wards it. Although the mash smelled of genuine 
sweetpotato, it had no corresponding flavor.This tended 
to create expectations about the taste of the mash which 
were not met. Somehow the flavor of the root is lost 
during processing. 

Survey Findings: Operation of 
Socio-Economic Filters 

Analysis of variance methods were used to draw out the 
effects of the filters thought to influence acceptance. 
This statistical tool (analogous to regression) uses the 
hedonic scores to determine the contribution of' each
filter to the final score and whether this result is statIs
tically significant or not. Both single (main elfect) and 

multiple filter (interaction) approaches were used. One 
important result of this analysis is that the filters were 

highly food-specific. For instance, some samples 
showed several significant filter effects while others had 
few or none at all. Moreover, afil'_r whose effect was 
statistically significant for one sample, may have made 
no perceptible difference foranother. Awordof caution: 
analytical results that indicate statistical significance io 
not necessarily also imply logical significance. Thus, it 
was difficult to find clear reasoning behind some ol the 
patterns observed. 

Figures 5-7 show the results of the analysis of 
variance by food sample. All the statistically significant 
results and some insigniificant ones are presented (sig
nificance is indicated by the thickness of the box stir
rounding each chart). Thus, for the white sweetpotatoes 
there were no important filter effects as shown by the 
thin boxes (Fig. 5). Each bar in a box shows the me1an 
hedonic score for the group named at the bottom of the 
bar. The bars are calibrated according to the category 
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Figure 4. Preference survey: Distribution of hedonic scores. 
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Figure 5. Consumer preferences survey for fresh roots: Impact of socio-economic filters. 
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Figure 6. Consumer preferences survey for chips and ugali: Impact ;f socio-economic filters. 
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Figure 7. Consumer preferences for sweetpotato bread and mash: Impact of socio-economic filters. 
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scale and different shadings denote the panelist group. 
The discussion highlights selected results of the analysis.3 

Fresh Roots 

Interestingly, none of the filters had a significant effect 
on the high acceptability of the fresh white roots (Fig. 
5). This implies that the individual's socio-economic 
status has little discernible impact on preferences to-
wards white sweetpotatoes. Ethnicity affected the ac-
ceptance of the yellow sweetpotatoes. Apparently, 
Kikuyus consider the yellow roots sweeter and better 
than the white roots-they are more prized among this 
ethnic group. This suggests the existence of an untapped 
market for the yellow sweetpotatoes. In Kisumu, chil-
dren preferred this sample more than the adults. This 
may be due to the greater sweetness of the yellow roots. 
No logical reason isapparent forthe result torconsump-
tion frequency among Kisumu respondents. 

Processed Forms 

Chips (Crisps). Whereas all groups indicated high pos-
itive preference for the chips, there were some signifi-
cant variation between groups (Fig. 6). The results for 
ethnicity may have to do with aslight difference in the 
chip samples between the two towns: the Nakuru ones 
were somewhat thicker and thus less crispy. Hence the 
lower mean score for the Kikuyus. The greater familiar-
ity o ' upper income groups with fast foods may help to 
explain the higher chip mean score for these panelists. 
However, it is puzzling that there is no positive novelty 
effect for the lower income panelists. For the age/gender 
filter, the high mean score for the children probably 
reflects their overall strong positive preference for 
snack foods. 

The significant interaction effects for chips are 
between ethnicity, income, consumption frequency, and 
the adults. The relationship between ethnicity and in-
come, in particular, is interesting because it shows the 
overpowering effect of tradition on preferences. In this 
case, ethnic background ismore important than economic 
status. Thus, the pattern of preferences expressed by the 
Luos and Kikuyus remains even when the interaction 
with income is included. (The income relationship, on 
the other hand. is switched). 

Sweetpotato ugali. No clear reasons behind the signif-
icant filter effects for this food sample are apparent (Fig. 
6). o'r instance, it is not obvious why low income men 

There was no significant effect of education on prefcrenccs. 

would take agreater liking to the sweetpotato ugali than 
the wealthier men and both income categories for women. 
Also, some of the filter influences are only statistically
significant for Nakuru. Without detailed information on 
specific differences between the Nakruru and Kisumu
populations, one cannot posit a logical reason for these 
results. 

Sweetpotato bread. The most outstanding feature of 
the results for this food sample is the great number of 
interaction effects betw.,en filters (Fig. 7). At the main 
effects level, the lower acceptability for the Luos com
pared to the Kikuyus ismost likely adirect result of ihe 
fast deterioration of the bread in Kisumu. Thus, it was 
likely to be stale for most of the panelists in this town. 
Hence, this difference between the two sets of panelists 
may be discounted somewhat. In Nakuru, the frequent 
consumers of sweetpotato took more to the bread, as did 
the low income panelists. 

The interaction results that include the consump
tion frequency filter suggest the overriding influence of 
this variable on preferences. However, since income 
and consumption frequency are inversely related, per
haps these results reflect astronger overall influence of 
income status. The effect of income and consumption 
frequency together shows what happens for those pan
elists who fall outside of the conventional pattern for 
these two filters. In other words, high income, high 
frequency consumers are rare and their tastes are oppo
site to what we expect from high income respondents. 

Mash. One unsurprising filter effect for the mash is that 
between low and high income groups in Kisumu: the 
latter group found the mash less acceptable (Fig. 7). 
Wealthier people are used to tasty foods since they can 
afford greater variety and spices. Since the mash was 
distinctly flavorless it is reasonable that it was less liked 
by this group. It is somewhat strange that this result ;s 
not repeated for the Nakun panelists. 

Implications for Production 

Of all the food samples employed in the preference 
survey, two warrant further evaluation: the chips and the 
sweetpotato flour for use in preparing ugali.As the most 
acceptable processed sample, the chips could be evalu
ated further to determine their full market pot ntial. 
However, production of the chips is unsuitable for an 
on-farm procedure. Specifically, chips are best when 

-.7
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produced as close to the consumer as possible since 
freshness is crucial. Moreover, chips may not be the 
most effective vehicle for increasing the role of sweet
potato in the diet. As merely a snack food, they would 
retain the same place in the diet that sweetpotato roots 
currently hold rather than helping the roots become 
more of a staple. For these reasons, production and cost 
analyses for the chips are not undertaken. 

Sweetpotato flour appears to be a viable product 
given the favorable response for the composite flour 
ugali, even when compared with the all-maizemeal 
type. Marketers could emphasize that this flour can be 
used much in the same way as wheat flour-in the 
makine of other common foods such as chapati (a type 
of flat bread), mandazi (a sort of doughnut), and cakes, 
In this ;espect, preparation ideas would help to extend 
the use of the flour. 

Hopcfully, the slight sweetness conferred by the 
flour would not be a great hindrance to sales. However, 
given the severe shortages of maizemeal in Kenyan 
markets in 1992, there i,; an obvious need for greater 
availability of alternatives such as sweetpotato flour,
Since the ugai was especially popular with the children, 

the use of the flour as a supplcment to maizemeal in 
educational institutions represents a substantial poten
tial market. (During the survey period of May-August 
1992, some schools had to close early due to lack of 
maizemeal). It is also encouraging that flours of sor-
ghum and finger millet are becoming more widely used 
in the urban areas. Thes e may pave the way for wide-
spread acceptance of sweetpotato flour, 

The Economics of Sweetpotato 
Flour Producion 

If processing is to be performed at the farm level, several 
important points must be taken into consideration. First 
and foremost, the technology used must be both cheap 
and easy to use. The rationale for this isclear: if female 
growers are to exploit this opportunity to the fullest, the 
investment and maintenance requirements have to be 
within their reach. Fortunatcly, fieldwork revealed that 
the two potentially most prohibitive stages of the pro-
cessing--drying and grinding-can e si n plified 
greatly. )rying merely requires a clean drying surfkace 
and favorable climatic conditions, while ,rinding into 
flour can he done at existing pInho mills (wued to grind 
maize into maizemeal). These facilities, h ,watledthrugh-
out the comntryside, are designed to meet the needs of' 
farmers who wish to process the home supply of cereal 

grains into a flour or meal. In this respect, they would 
be ideal for sweetpotato processors. 

Moreover, the simpler the technology, the more 
likely that local jua kali (informal sector) artisans can 
provide the necessary equipment at alow price. Further
more, it is preferable that the technology have multiple 
uses for the times that sweetpotato processing is not 
being performed (the procedure is assumed to be a 
seasonal activity). In Ghana, the simple equipment used 
to transform cassava into gari has enabled widespread 
exploitation by small-scale farmers and marketers who 
are mostly women. Kraemer (1986) reports that many 
small scale processors cited the ease of investment as 
one of the primary reasons for engaging in cassava 
processing. 

Finally, the procedures must be flexible in their time 
demands because rural women's time is already 
crowded with activity. Flexibility implies that the 
women should be able to attend to pressing needs with
out endangering the processing operation and vice 
versa. Also, the more time it takes to process the roots, 
the less likely that women will decide to make the
investment. This reflects the valuation of their own time 

in terms of opportunity cost. 

Quality Considerations 

The quality of the products in terms of color, taste, 
texture, cooking quality, and the like, should be accept
able to consumers. The processed foods should be corn
parable to that of the samples used in the taste tests. The 
sweetpotato flour used in the ugali was made without 
the use of sodium metabisulphite solution which whit
ens the finished product. Since panelists apparently 
found the slightly browner flour acceptable, color con
siderations could be eliminated. Consequently, the costs 
of processing fall considerably. In addition, one hurdle 
for the processor is removed because the chemical isnot 
easily obtained in rural areas. The acceptability of a 
darker flour color also implies that leaving the peel on 
the root may still result in a marketable product (field
notes). 

Perhaps the most important determinant of quality 
is the condition of the root itself'. This is a problem as 
observed from the sweetpotatoes available in Kenyan 
markets. Many have large discolored or rotted areas 
resulting from diseases and pests which attack the roots 
in [lie field or during transportation. Because liese parts 
1the roots are unusable. their widespread occurrence 

can greatly reduce the quanti,;es of flour produced. In 
this way, they raise the costs of the operation for tile 
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processor. The availability of good quality 
sweetpotatoes would also help to make the processing 
easiersince finding and cutting out bad parts is a tedious 
job. In due course, quality differentiations for 
sweetpotato flour will emerge depending on the de-
mands and discrimination of consumers. 

The Processing Operation 

If quality requirements are not too stringent, processing 
can be a simple exercise. The use of unsophisticated 
technology means that time and labor inputs are sub-
stantial. However, this is probably not much ofa prob-
lem since the procedure would be carried out during 
times of low demand for labor on the farm. In the 
following discussion, costs of the various tools and 
materials required for processing reflect the retail prices 
for the items or were inferred from Kabira's (1987) 
work on potato flour. Kabira evaluated both the process-
ing procedure and the economic feasibility (if produc-
tion for potato flour, 

In estimating the daily load of roots for processing,
it is inportafnt to recognize that time is as much a
constraint for the women growers as money. Their days 

e 
are already taken up with productive, child-rearing, and 
housekeeping duties. Yet, it is also true that the demands 
on their labor vary over the year depending on farm 
activities. Since sweetpotato processing would most 
probably take place during the slack times of the year, 
we can allocate one working day (about 8 hours) for 
harvesting through readiness for milling. During this 
time a quantity of 40 kilograms of roots could be pro-
cessed (into about 15 kilograms of flour). 

The average sweetpotato plot in western Kenya is 
0.2 acres and its yield is 1,400 kg of roots.4 The grower 
would need to harvest 1/35th of this land-a pa;cel 
measuring 4 x 6 meters-to obtain the 40 kg. Thus, if 
two crops are planted during the year, such a daily 
throughput suggests that 70 days each year would be 
given over to sweetpotato proce ssing, not an unreason-
able tlotal, 

The cost calculations assume a conversion ratio of 
2.65:1 for unpeeled roots: flour.5 In other words, 2.65 
kg of roots yield one kilogram of' flour. This rate of 
conversion is used to allocate the costs of equipment or 
materials whose role in the procedure applies to the 
fresh roots or wet slices. 

Peeling. This step may not be necessary. It appears that 

leaving the peel on the root makes little difference in the 
final product, especially since color is not a tnajor 
consideration (fieldnotes).6 Compared to the cassava 
peel which is thick and fibrous, sweetpotato's outer 
covering is thin and would not pose problems if left on 
the root during processing. Moreover, peeling would 
reduce the yield of sweetpotato flour, thus increasing 
processing costs. For example, allowing for a wastage 
rate of 10% of root weight, 1)Wkg of peeled roots would 
yield 34 kg of flour while unpeeled roots would produce 
38 kg. 

Perhaps more importantly, the elimination of this 
step greatly cuts down on processing time since peeling 
is time-consuming (and tedious) work. However, if the 
roots are not peeled, they should be washed thoroughly 

before further processing to remove soil and other dirt. 
However, there may be a trade-off between peeling andwashing. As peeling removes the dirt on the root, it may 
have to substitute for washing if clean water is riot 
available. 

Slicing. In slicing the roots into 2-3 millimeter chips the 
general principle is: the thinner the chip, the better, 
because this speeds up drying. This step is somewhat 
difficult (as experienced by the researcher) because 
roots contain some sap which makes smooth slicing a 
problem as compared to slicing potatoes or cassava. 
During slicing, the roots were resistant aid would stick 

to the slicing tool. Some Kisumu cassava-chips produc
ers interviewed even cited difficult slicing as the reason 
for avoiding production of sweetpotato chips alongside 
cassava and potato chips. Researchers at the Interna
tional Potato Center (CIP) in Nairobi suggested that 
varieties may exist which contain less of the sap and are 
thus easier to slice (fieldnotes) (actually. the orange 
varieties found in the United States do not seem to 
contain this substance). 

This acreage is hased on the plot size devoled to sweetpotato which is most common among Kenyan small holders as reported by 
Mutuura (199)j. Yields in the South Nyanza region average *.(XX) kg per acre (Shakoor et al. 1988). 
The conversion factor is calculated 1rom the known moisture content 01 sweetpotato (7()% of weight) and the desired moisture content 

of the lour ( 121/ 1 and assuming a 101f, wastage rate during processing. 

6 Kahira's ( 197) study on production of' potato lour atko concluded Ihal unpeeled tubers could yield a good quaity fhlour sho e 
whiteness was little affected hy the peel. 
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The ,licer for sweetpotatoes could be the same as 
that used by Kisumu and Mombasa producers of cas-
sava crisps. The tool is about 6 inches long and 4 inches 
wide and is made of heavy iron with a sharp blade 
positioned at about two-thirds of the length and held in 
by metal bolts. Itcan be held in the hand and allows the 
chips to fall in the space between the slicer and the palm. 
This tool produces remarkably good chips of'even thick-
ness with a minimum of fuss. It is a jua kali product 
which can last for at least two years under constant 
usage before the blade has to be replaced (the life of 
the tool is naturally greater if yearly use is reduced). 
In 1992 the cost of the slicer was estimated at Ksis 
l00 by the cassava chip makers interviewed 
(fieldnotes). 

Blanching. This could take the form of incomplete 
cooking by boiling or dipping for 5 minutes into a 
0.5% solution of sodium metabisulphite which whit
ens the finished product. Both methods confer greaterresistance to bacterial infection or spoilage. However,
as with the peeling, this step not crucialis to the 

quality of' the finished product and may be ignored.
Similarly, the Kabira et al. (1990) study potatoon 
flour found that using raw chips gave higher yields of 
flour and did not reduce the overall quality of the 
flour. Leaving out this step also helps the grower to 
reduce processing costs. 

Drying. Ideally, drying equipment would allow the 
maximum surface area for drying and would capture as 
much heat energy as possible to speed up the process. 
This would mean the use ofa frame structure supporting 
several trays of a mesh material on which the sweet-
potato chips could be placed. Favorable climatic condi-
tions such as warm dry days and windy nights would 
help to ensure fast drying with minimum insect infesta-

ideal equipment is simply inappropriate for a grower-
processor, given the costs of construction, Kabira'spror, giv reportedequipmenttheofcnscin ratscosts K 
wvork on potatoes reported equipment costs in 1990 at 
roughly Kshs 4,900 and 11,200 for dryers that would 
handle 50 kg and 2(X) kg of tubers per day. respectively. 
For a country whose income per capita was Kshs I1,I(X) 
(tJSS37), Kshs ()30 = IS$ 1.00) per annum in that year 
(World Bank 1992), such outlays are largely out of reach 
for the rural population who may take oil sweetpotato 
processing. 

Yet drying does not necessarily have to involve 
such great expense. In its simplest form, the drying 
equipment could consist of plastic sheeting which would 
be spread out on the ground to expose the chips to 
sunlight and wind. 7 Drying would then take one 24 hour 
period consisting of a sunny day and a windy night or 
slightly more time if overcast or humid conditions pre
vail (fieldnotes). One drawback of this method is that 
the plastic exposes only one surface of the chips to the 
drying elements. However, the sheet's strong points are 
that it is cheap, portable and can lend itself to other 
purposes in the household or farm. Furthermore, if rain 
begins during the drying period it is easy to fold up the 
sheet and keep thechips waterproof until bettercondi
tions return. Replacement of the sheet would only be 
necessary about once every three years as long as it is 
not under constant exposure to sunlight (Kabira et al. 
1990). 

require I m2 of the plastic sheet for every 4 kg of slices 
(Ibid.). At a unit area price of Kshs 35, the plastic is themost expensive item in the processing operation. In
order to dry the 40 kg of sliced roots previously esti
mated. 10 square meters (I X 10 meters) of the plastic
 
is necessary at a total cost of Kshs 350. It is expected
 
that this expense would be affordable for the growers
 
without the need for heavy borrowing. This cost figure
 
is used in the subsequent analysis.
 

Grinding. Fortunately, it is not necessary for the pro
cessor to buy a grinding machine. She only has to tatkc 
the dried chips to the nearest hammer mill where maize 
and finger millet are also ground. Transporting 15 kg of 
chips to the mill is probably not an overbearing task 
since they are much lighter to carry than the original 
slices. Also, it is not necessary that all the chips be 
ground immediately since they are a highly storable 
form. Thus, the processor can transport the chips to tilehammer mill on a need basis. The owner of the grinding 
machine will charge a fee: whereas in 1990 this was
mciewl hreafe:weesi 90ti aKshs 0.30 per kilogram of flour produced, the cost in 
1992 was estimated at Kshs 0.50 per kilogram for a total 
cost of Kshs 7.50 for the whole 15 kg. 

Packaging. Gunny sacks or flour sacks made of syn
the:,. material may be used. The price of a single bag 
was Kshs 20 in 1992. Both are widely available, cheap, 
and can hold up to 100 kg of the product. Thus, if the 
grower produces 15 kg of flour per day, it would take 

7Infact. sorne Chinese dry their sweetpotato) chips directly on the ground (Woolfe 1992). 
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about one week to fill up the sack. The most desirable grower vis-'t-vis the economic alternatives. Also, in 
packaging, however, would be airtight in order to avoid making these different accounting assumptions, it is 
problems with moisturization ofthe flour which reduces possible to determine which cost options provide rea
its shelf'-life. However, such packaging would also be sonable price estimates for the consumer while main
much more expensive than the gunny sacks. The latter taining comfortable profit margins for the producer. 
are widely used in Kenya for other flours and seem to Table 2 dctails the costing procedure and compares the 
provide adequate storage for the product. cash costs with opportunity costs.9 

The cost of fresh roots used in the analysis-Kshs 
Cost Analysis 3.71 per kilogram-is the average of sweetpotato prices 

observed in rural markets in a 1992 CIt1 study 
To fully evaluate the processing operation, it is neces- (fieldnotes). Since 2.65 kg of fresh roots are required to 
sary to perform two kinds of cost analyses: one incor- produce one kilogram of flour, the cost of one kilogram 
porating only cash costs and the other allowing for ofthe former is multiplied by 2.65 to arrive at Kshs 9.83 
opportunity costs. The cash cost analysis isbased on the as the cost contribution of the raw material to each 
oelief that the women growers are unlikely to explicitly kilogram of flour. 
X-01unt for several cost components. Yet the opportu
nity cost of performing the operation must demonstrate This particular item is really an opportunity cost 
whether or not processing is in the interests of" the since the grower is using her own supply of sweetpo-

Table 2. Production costs for sweetpotato flour assuming a daily throughput of 4(0 kg of fresh roots and 

various opportunity cost alternatives for roots (in Kshs/kg of flour)." 

Opportunity cost assumptions for rootsl' 

Items Cash costs 0'A, 25% 50% 75% 1001% 

Cost of roots (a) 0.(1 0.00 2.46 4.92 7.37 9.83 

Processing costs: (b) (.96 4.33 4.33 4.33 4.33 4.33 

Fixed costs: 0.26 0.26 0.26 0.26 0.26 0.26 

Bucket 0.05 0.05 0.05 0.05 0.05 0.05 

Slicer 0.09 0.09 0.09 (1.09 0.09 0.09 

Plastic sheet 0.12 0.12 0.12 0.12 0.12 0.12 

Variable costs: 0.70 4.07 4.07 4.07 4.07 4.07 

Lab )r 0.(X) 3.37 3.37 3.. 7 3.37 3.37 

Milling 0.50 0.50 0.50 0.50 0.50 0.50 

Gunny sacks (.20 0.20 0.20 0.20 0.20 0.20 

Total Cost (a+b) 0.96 4.33 6.79 9.25 11.71 14.16 

SThis analysis assumes that 1,0(M kg of flour are produced per year, at the rate of 15 kg per day or 4(0 kg of roots per 

day (about 70 days' worth of processing activity).
 
One kilogram of, sweetpotatoes cost Kshs 3 71 in 1992. At an allocation rate of 2.65 kg of fresh roots per kg of flour.
 
the total unit contribution to costs of the roots i,, Khs 9.83 per kg. The different assumptions reflect the fact that
 
growers may he willing to acvep, less thai the full cost of the roots to the processing operation.
 

The Kenya shilling ismade up of IM() cents o1wich the ,inallest denomination is 5 cents. Hlowever, the figures used in the aialysis
 
are not rounded tip to the nearest 5cents to avoid losses of laccuracy
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tatoes. In effect, the cost of roots represents the amount 
of money she forfeits by processing the sweetpotatoes 
ratherthan selling them fresh. However, thegrowermay 
reduce the value of the roots to the processing operation 
because she knows that she could not sell all the sweet-
potatoes fresh. In recognition that the cost contribution 
of the roots may be viewed in different ways, the table 
also shows how the total cost figures vary under differ-
ent assumptions for the cost of roots. Thus, in the first 
two columns, the cost of roots is discounted completely; 
subsequent columns increase the cost of the roots by 
25/c each time until the full cost of roots is included. 

Processing costs 

Fixed costs. An estimated asset life of 3 years for each 
piece of equipment is assumed based on the apparent 
durability of the item as observed during fieldwork. 
Then, using the straight-line depreciation method and 
assuming azero salvage value, the contribution of each 
item to the unit cost of the flour is calculated: 

Cot -of itci = C(o,,t/kg of flour 


ilfe of the act , (.)uanity pr(xtuced/year 


(Edwardson and MacCormac 1984). The costs of 
all the equipment are then multiplied by the conversion 
factor (2.65) since their functions occur early on in the 
processing. Naturally, if daily processing load rises or 
costs of equipment fall, the unit contribution to the cost 
of flourdeclines. In reality, small-scale operators are not 
likely to use such accounting methods in arriving at a 
price for their products. However, these costs are in-
eluded to) shos the total costs of processing were all 
costs fully included, 

Variable costs. Costs of labor are estimated from agri-
cultural wage rates from previous years to give a daily 
rate of' Kshs 5(.94 per day in 1992 (1LO 1992). Using 
the assumption that 15 kg of flour can be made per day 
(from 40 kg of roots), this wage rate gives a cost of labor 
of Kshs 3.37 per kguofesweetpotato flour (this cost would 
fall were the dailyamount of roots processed rise). As 
with the roots, labor is an opportunity co,;t. It assumes 
that the proccssor could obtain empiovient at this wage 
rate hut is giving up that o)pportunity to engage in 
processing. The ci St of labi r does not change acri, ss tile 
table as d(hes tile c ist of rtots because the latter ca.i var 
substantially Obetween Kshs 0 and almn)st I). Cin-
versely., allwing f'or a range of T;hor costs affects the 
total co)sts on l, slightly. Milling and pack aging cists are 
Kshs 0.50 and (020)per kilogram of fliur respectively, 
These alko, remain constant for each assumptioin )f the 
cost analysis. 

Marketing costs. These include all costs incurred after 
the flour leaves the processing site (in this case, the 
grower's homestead) until it reaches the consumer. 
These costs will vary depending on the distance to the 
final market, transportation conditions, and the number 
of hands through which the flour must pass before the 
consumer purchases it. The actual costs cannot be an
ticipated. Therefore, in order to estimate the apparent 
profitability of processing, alternative assumptions are 
made about the percentage of the sales price which could 
be attributed to the post farmgate marketing process. 

A range of marketing margins (1I0%- - 501( ) is 
posited, drawn from the case of maizemeal in Kenya 
and gari in Ghana. For the former, Jones (1972) esti
mated margins amounting to 42% for Nairobi in 1966. 
In Ghana, the difference between the costs of production 
and the producer price ofgari was 23% ofthe sales price 
(Kraemer 1986). Marketing costs are calculated its the 
product of the margins and several sales prices. The 
resulting figures range from a low of Kshs 0.55/kg of' 
flour to Kshs 6.50/kg. 

The four sales price assumptions used to estimate 
post farnigate costs are based on various plausible sce

narios for sweetpotato flour. The responses to the pref
erence survey questionnaires indicate that consumers 
would only purchase sweetpotato products if their 
prices were equal to or less than, those of corresponding 
conventional foods. We can therefore estimate a maxi
mum sales price of sweetpotato flour at Kshs II per kg: 
the price of maizemeal (of course this is he best case 
scenario for the producer the sweetpo)tato flour would 
probably be unable to command such a price unless 
extenuating circumstances obtained, such as a severe 
shortage of maizemeal). Two other selling prices-
Kshs 8.25 and 5.50--assume that sweetpotato flour 
could be ,old at 75% and 50% of the price of maizemcal, 
respectively. 

sne thei e mae riusiie wealso 
an estimate of the free market price in the analysis. 

In 90a% the casume.pr i sbornesby the 
government ra 
the market price in 1992 (assuming similar rates ofsubsidization) could have been Kshs 13 per kg instead 

Of Kshs 1 

The Profitability of Processing 

Figure 8 shows how returns on flour sales (on the 
vertical axis) change with total costs (on the horizontal 
axis; toital costs are the sum of production and marketing 
costs), selling price, and marketing margins. The cost 
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assumptions from Table I are used to generate each line 
for a particular selling price. Thus, the point at the 
extreme left of each line represents the cash cost as
sumption. Costs increase along the line until the last 

point on the right which assumes that I()% of the cost 

of roots contributes to the production of the tour. The 

Kshs 3.71 horizontal line denotes the point below which 

returns from processing are lower than those from sell-

ing fresh roots. The processor would want to operate at 

points above this line. The shaded area in each chart 

represents the cost and price combinations (for a given 

marketing margin) for which the processing will always 

outperform the sale of fresh roots, regardles' of produc-
tion cost or consumer p rice. 

As the marketing margin increases from 10% to 

50% (from one chart to the next), the shaded area 

diminishes. Obviously, returns to the processing opera-
tion are inversely related to the proportion of unit reve-

nues taken up by post faringate costs. Processors gain 

when factors such as transportation costs which make 

up the margin, contribute little to the consumer price of 

the product. Since growers would have no control over 

the flour once it changes ownership. they could only aim 

to keep prodtction costs low. By so doing, thcN are more 

likely to profit fronm the processing operation even if 

Marketing costs are high for an. given sales price. 

The point at which Each sales price line crosses the 
Kshs 3.71 return line, marks the maximum total costs 
allowed if processing is to remain more profitable than 
selling fresh roots. Indeed, an absolute maximum for 
total costs may be posited: the difference between Kshs I I 

and 3.71 since the price of sweetpotato flour cannot rise 
above that of inaizemeal. These conclusions can be 
extended for any cost, marketing margin. and price 
combinations. 

We can focus on the 20% marketing margin case as 
the most likely outcome of sweetpotato processing. This 
percentage is chosen based on the experience with 
maize and gari: from the 42% margin for maizemeal in 
Kenya, we may subtract out the 24% that accrues to the 
Maize Marketing Board leaving a marketing margin of 
18%; the corresponding figure for gari is 23%.' The 
20% margin chart suggests that the processing enter-
prise would be worth the grower's attention only it the 

price of the flour is above 50% of the nmi zemeal price 
(or Kshs 5.5) per kg). However. if production costs are 

low, the price of the flourcould fall to make it even more 
attractive from the consumer's point of view. 

Moreover, even under the lowest marketing margin 

assumption, only the left-most part of the lines appear 

in the shaded area. In the situation where the price is 

Kshs 8.25 per kg and the marketing margin is 20%, the 

producer would have to lower the contribution of the 

roots by at least 80% in order to realize profits above 

those of selling the fresh roots. This implies that the 

processor must be willing to reduce the opportunity cost 

of the fresh roots to 20% or less of their retail price. 

This simulated analysis can act as a guide for poli

cymakers or others who may seek to promote 

sweetpotato processing into flo'_-r . Kcnya. Actually, 
production costs would probably be muich lower than 

envisioned since people can be extremely innovative 
when resources are scarce. For example, the grower 

may make use of her own buckets or similar receptacles 

instead of buying one solely for the purpose of process

ing. Also, marketing margins may be higher or lower 

than assumed, depending on the distance between the 

grower and the final consumer, the efficiency of the 

marketing system, and the length of the marketing 

chain. Thus, it is difficult to say, a priori,which margins 
are most likely. 

More importantly, the grower is unlikely to follow 
accounting procedures such as those used in the analy
sis. The way in which the grower values her supply of 
sweetpotatoes and her labor will have important im
plications for the overall costs and profitability of the 
enterprise. Nevertheless, the analysis has sho~wn that 
enterprise nertees s, thelsih ss n taeven under conservative assumptions, the processing of 
sweetpotatoes into flour can be an economically viable 
enterprse. 

Conclusions 

Since sweetpotato is considered merely a minor snack 
or breakfast food by urban consumers, perhaps the 
greatest task for marketers will be to change these 
perceptions to allow the root's importance to grow. 
Thus, whereas the positive response from panelists to
wards the processed forms was encouraging, actual 
long-term consumption cannot be guaranteed unless 

more work is put into making the foods attractive from 
the consumer's point of' view. For instance, processed 

'The Matic Markeiing Board (now the National Cereals and Produce Board) is a government parastatal body with an official monopoly 

on mai/c markeling. 
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Figure 8. Returns on sales of sweetpotato flour (Kshs/kg) as total costs, sales, price and marketing margins 
change. 
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sweetpotato products will appeal to consumers if their Jansen, A. A. J.,H. T. Horelli and V.J. Quinn. 1987. 
versatility of usage is evident, as is the case with the Food and nutrition in Kenya: A historical re
more successful starchy staples. view. University of Nairobi. Nairobi, Kenya. 

In general, marketing could emphasize any nutri- Jones, W. 0. 1972. Marketing staple food crops in 
tionally superior aspects of processed sweetpotato prod- tropical Africa. Cornell University Press. Ithaca, 
ucts. The importance of this can be seen from women's NY,USA. 
responses to questions on family dietary decisions. Over 
60% stated that the nutritive value of the staple is the Kabira, J. N. 1987. Economic feasibility study of simple 
main concern. However, most crucial is the price of the potato flour processing in Kenya. Nairobi, 
product. Although almost all women itated that they Kenya. 
would purchase sweetpotato processed products if mar
keted, asubstantial number in Kisumu mentioned price Kabira, J. N., J.K. Imungi, P. Anandajayasekeram and 
as a deciding factor. At a time when inflation in the G.L.T. Hunt. 1990. A preliminary techno-eco
country is high and real incomes are declining, people nomic assessment of small scale potato flour 
will expect to obtain the greatest value from food ex- production in Kenya. Kenya Agricultural Re
penditures. Thus, sweetpotato processors should en- search Institute (KARl). Nairobi, Kenya. 
deavor to produce items which would be affordable for 
the majority. Kabogo, K. 1986. Kenya: The development of second.
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Regional Planning. Cornell University. Ithaca, 
NY,USA.References 

Kays, S. 1. 1985. Formulated sweetpotato products. In
J.C 5.o mp fed Sweetpotato products: AC. 1985. Sweetpotato products: A naturalBouwkamp, J. resorceforropis. RChePess Boc RaonJ. C. Bouwkamp (ed.). Sweetpotato products: A 

resource for the tropics. CRC Press. Boca Raton, natural resource for the Tropics. CRC Press. 
FLA, USA. Boca Raton, FLA. USA. 

de Wilde, J.C. 1984. Agriculture, marketing, and pric- Kenya, Central Bureau of Statistics. 1981. The inte
ing in sub-Saharan Africa. African Studies As- grated rural surveys, 1976-79. Ministry of Eco
sociation. Los Angeles, CA, USA. nomic Planning and Development. Nairobi, 

Kenya: Kenya.
The Economist Intelligence Unit. (ElU) 1991. 

Country profile 1990-91. Annual survey of po- Kraemer, R.G. 1986. A study of entrepreneurship and 
litical and economic background. Business In- technical change in tropical Africa. Cornell In
ternational Limited. London, England. ternational Agricultural Economics Study. Cor

nell University. Ithaca, NY, USA. 
and C.W. MacCormac (eds.). 1984 

Edwardson, W. 
Understanding problems of a small-scale food Lele, U. J. and S.W. Stone. 1989. Population pressure,
 
processing business. In Improving small scale theenvironment and agricultural intensification:
 
food industries in developing countries. Interna- Variations on the Boserup hypothesis. World
 
tional Development Research Centre (IDRC). Bank. Washington, D.C., USA.
 
Ottawa, Canada.
 

Lofchie, M. F. 1989. The policy factor: Agricultural 
Food and Agriculture Organisation (FAO) 1993. Agros- performance in Kenya and Tanzania. Lynne 

tat PC database. Rome, Italy. Reinner Publishers Inc. Boulder, COLO, USA. 

Gor, C. 0. 1989. Literature review and baseline statis- Mutuura, J. N. 1990. Brief report on the ongoing on
tics on sweetpotatoes in Kenya. Nairobi: Inter- farm survey on socio-economic aspects of 
national Potato Center (CIP). Nairobi, Kenya. sweetpotato production and the preliminary 

findings. In Intei.iational Institute of 13iological 
International Labour Oiganisation (1I.0h 1992. Year Control. Sweetpotato Management in Kenya: 

book oflahour statistics 1992. International Lab- Proceedings of a National Workshop held in 
our Organisation. (I1O). Geneva, Swiss. Mombasa, Kenya, 7-11 May 1990. 

j'7
 

356 



Randall, D. E. 1991. Assistant Professor of Nutrition, 
State University of New York at Buffalo. Per-
sonal communication. 

Sands, 	M. W. 1983. Role of livestock on smallholder 
farms in Western Kenya: Prospects for a dual 
purpose goat. PhD Dissertation. Cornell Univer
sity. Ithaca, NY. USA. 

Shapouri, S., NI. Missiaen, and S. Rosen. 1992. Food 
strategies and market liberalization in Africa: 
Case studies of Kenya, Tanzania and Zimbabwe. 
United States Department of Agriculture. Wash-
ington, D.C.. USA. 

Shakoor A., A.W. Kiarie, J.K. Rutto, C.M. Githunguri,
S.T. Gichuki, A. Abubaker, F.F. Omari and P.J. 
Ndolo. 1988. Improvement of root and tuber 
crops in Kenya. /nImprovement of Sweetpotato 

(Ipomoea batatas) in East Africa. Report o"the 
"Workshop on Sweetpotato Improvement in Af
rica", held at ILRAD, Nairobi, September 28-Oc
tober 2, 1987. International Potato Center CIP 

United 	 Nations. 1991. World population prospects 

stha A_ 1991a. World urbanization prospects 1990: 
Estimates and projections of urban and rural
populations and of urban agglomerations. New 
York, NY. LISA. 

Woolfe, J.A. 1992. Sweetpotato: An untapped food 
resource. Cambridge University Press. Cam
bridge, UK. 

World 	Bank. 1992. World development report 1992: 
Development and the environment. Oxford Uni
versity Press. New York, NY. USA. 

357 



Biochemistry and Utilization of Sweetpotato 
(Ipomoea Batatas) for Animal Feed: 

Implications for Food Security in Africa 

Olumide 0. 'Tewe 

Abstract 

Forty-nine varieties of sweetpotato tubers, vines, and leaves were obtained from the International 
Institute for Tropical Agriculture (IITA), Ibadan, Nigeria. Chemical analysis revealed high levels of 
cabohydrates in roots. Leaves and vines contained appreciable levels of crude protein, fiber, and minerals. 
Some varieties contained crude protein of up to 8.6% in tubers. Total sugar varied between 3.7 and 
I0.4g/I Og DM. Thus, selection can be made for low sugar varieties desired in animal feeds. Good growth
performance was observed in broilers, layers, pigs, and sheep when sweetpotato partially replaced maize 
in their rations. In this paper, the potential of sweetpotato for food security in Africa is highlighted.
Furthermore, strategies arc recommended for overcoming constraints in the use of sweetpotato in 
livestock feeds. 

Key words: broilers, layers, pigs, sheep feeding trials, nutrient utilization. 

Introduction 

Strategies for ensuring food security in Africa should 
take cognizance of the diverse needs of such programs. 
These include the need to combat starvation and food-
related diseases such as kwashiorkor and marasmus, 
which can lead to death particularly in children. To 
achieve this, the quantity and quality of food provided 
need to be considered. While root crops can contribute 
greatly to quantitative food security, animal protein 
must be included in human food to provide the essential 
amino acids in order to guarantee qualitative food 
security. 

Food deficits constitute the major obstacle militat-
ing against satisfactory animal productivity in tropical 
Africa. Therefore, root crops can contribute significant-
ly to food security, not only for man, but also for animals 
on this continent. This becomes imperative when it is 
considered that thoogh Africa's agricultural system is 
heterogenot,, the cultivation of roots and tuber has been 

shown to be the most economical and "convenient" for 
most of tropical Africa (Okigbo 1986). Livestock 
production must therefore be matched with appropriate 
crop farming systems in Africa for sustainable produc
tivity and provision for adequate essential amino acids 
in human diets on this continent. 

This papers reports on the biochemical charac
teristics of sweetpotato and its utilization for livestock 
feeding in Africa. 

Biochemical Studies 

Forty-nine (49) varieties of sweetpotato were obtained 
from the Tuber and Root Improvement Programme of 
the International Institute for Tropical Agriculture 
(IITA), lbadan, Nigeria. The leaves, vines, and tubers 
were analyzed for their proximate constituents and car
bohydrate fractions (Oboh 1986). As shown in Table I, 
tubers are high in carbohydrates, leaves are higher in 
proteins and crude fiber, and the vines are highest in 

SProfessor, Dept €f Animal Science, University of Ihadan, Ihadan, Nigeria, 
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crude fiber. The range of protein in the tubers (1.39- disadvantages are that the energy input and product 
8.60%) shows that through selection, some varieties of quality can seldom be controlled (Moy and Chi 1982). 
sweetpotato can supply energy and protein equal to These factorsbecome particularly important in the rainy 
maize, thus serving as a complete replacement for this season when relative humidity is high, and the intensity 
scarce cereal energy source. Table 2 also shows that of solar radiation is reduced and highly unpredictable. 
levels of simple sugar and starch differ among varieties. Such weather conditions predispose such food being 
This can be of significance in feeding man andanimals, dried to easy contamination by dust, insects, and 
as the high total sugar of most sweetpotato varieties has microbial organisms that will thrive abundantly on the 
been blamed for their non-acceptance as food and feed. high soluble carbohydrate medium provided by wet 

sweetpotato roots. As a result, the quality of solar dried 

roots is often considered inferior to that of other dried 
Animal Feeding Studies foods. Adrier to facilitate the dehydration of sweet

potato roots all the year round was fabricated locally.
Sweetpotato is a high moisture root crop. Processing to 

This oven (or smoke drier) (Fig. I) utilizes saw dust orreduce the high water content is therefore highly 
fire wood for fuel. Thinly sliced sweetpotato roots are

desirable to enhance utilization, particularly for inten-

sive livestock feeding. Solar drying has long remained dried on this to 10% moisture content within 12-24 
an important economic means of converting harvested hours. This drier can be used in the rural communities 
products to a dried state, particularly in the tropics. Its of tropical Africa. 

Table 1.	Dry matter,proximate composition (% DM) and gross energy value (Kcal/g) of forty-nine varieties 
of oven-dried sweetpotato leaves, vines, and roots."1 

Part of crop Dry matter Crude protein Crude fibre Ether extract Ash N.FE. Gross energy 

Leaves 27.94 ± 1.27 
(26.43 -36.36) 

11.84 ± 0.44 
(5.11 - 18.31) 

20.15 ± 0.85 
(5.91 - 31.00) 

2.54 ± 0.11 
(0.71- 5.89) 

9.72 ± 0.19 59.4 ± 0.83 
(6.30- 11.80) (46.04- 72.27) 

3.5 ± 0.09 
(1.53 -4.59) 

Vines 20.20±0.44 
(14.92- 26.48) 

4.94 ±0.22 
(1.80- 7.96) 

29.47±0.50 
(22.11 - 37.46) 

1.61 ±0.08 
(0.18- 2.61) 

I., 
(9.3-

'-0.13 52.53 ±0.61 
12.90) (41.92 -62.08) 

3.42±0.09 
(2.13 -4.65) 

Tubers 28.54± 0.57 
(17.82 - 38.18) 

4.51 ±0.26 
(1.39 - 8.60) 

4.37±0.10 
(3.45 -5.89) 

0.88 ±0., 
((.33 - 1.9(0) 

4.04 ±0.17 86.56±0.27 
(1.47 -6.33) (80.99 + 91.55) 

4.15±0.07 
(2.94 -5.45) 

"Figures 	in parenthesis are the range of values for the 49 varieties. 

Table 2. Total free sugars and starch content (g/100 g dry matter) of 49 varieties of oven-dried sweetpotato 
tubers." 

Total sugar Hexoses Fructose 	 Glucose Maltose 

6.24 ± 0.27 1.56 ± 0.09 0.55 0.02 	 0.37 ± 0.01 0.34 ± 0.02 
(3.68 - 10.40) a (0.86 -3.36) (0.31 -0.74) 	 (0.28 -0.51) (0.22 - 1.06) 

Sucrose 	 Reducing Sugar Starch Amylose as % Amylopectin as % 
of starch of starch 

2.27 ± 0.02 1.22 ± 0.08 37.01 ± 0.40 	 27.72 ± 0.35 72.77 ± 0.35 
(1.24 - 3.72) (0.46 -2.04) (30.80 - 41.80) 	 (21.0 -38.4) (61.6 - 79.0) 

"Figures in parenthesis are the range of values for the 49 varieties. Samples are being re-analyzed to confirm values 
obtained. 
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Figure 1. Diagramatic representation of the oven drier. 
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Two broiler feeding trials were conducted. In the 
first trial, sun-dried and oven-dried sweetpotato rox)ts 
replaced maize at 0%, 50%, and 100% in broiler rations. 
As shown in Table 3, sweetpotato reduced performance 
as compared to the maize control diet. Performance was 
however better with the oven-dried, as compared to the 
sun-dried, sweetpotato-based rations. Microbiaiproliferatesun-dried sweetpotato ro ns.Meato 
the production of mycrotoxins (Clerk and Caurie 1968). 

In a second trial, oven-dried sweetpotato partially
replaced maize at lower levels of 0%, 10%. 2(0%, 30)%,
40cl(. and 501/ in broiler ration. Per-formarce was op-
timal at 30% riplacement of maize (or 18% inclusion o 
sti at i n thbreplceentosaise(ow incalsio o. 
sweetpotato) in the broiler rations as shown inTable 4.h 

In another 70-day feeding trial with layers, 30 week 
old Harco birds were fed a maize control diet or one in 
which 50% or 100% oft aize was replaced with oveln 
dIried sweetpotato at three metabolizable energy levels 
of 2.45. 2.65, and 2.83 kcal/g in a3x3 factorial arrangc-
ment (Table 5). Performance was superior on the controlas coparedmedium 
mae ration asco d hers. Dustinss and high 
sugar content are factors possibly reducing performance 
at high level sweetpotato inclusion in dried poultryfeeds ('Tewe 1986). 

A 100-day feeding trial was also conducted with 
large white X landrace pigs at the weaner (7.7-25 kg) 
and grower (25-60 kg) phases. Sweetpotato replaced 
maize at 0%, 33%, 0,7%, and 100c%" levels. As shown 
in Table 6, performance was optimal O)1%at and 33% 
replacement with sweetpotato at the weaner and grower 
phases respectively. This shows that as for poultry, 
sweetpotato can only repace maize partially for satis 

As :;mall ruminants consitute a large proportion of 
stock paiticularly for the rural poor, a study on the use 
of sweetpotato for sheep feeding was conducted with 
West Africa l)warf X Yankassa crosses. As shown in 
Table 7, while feed "onsumption was better on the 
sweetpotato diet as compared to maize and cassava 
diet;, growth rate and feed conversion efficiency was 
slightly lower on the sweetpotato ration (<0.05). Diar-
rhoca was also apparent on the sweetpotato-based diet 
as was also observed for broilers and pigs. 

As of now, we do not know if the problems of' 
sweetpotato feeding for livestock can be explained by 
its high sugar content or microbial population of dried 
chips. Our studies have, however, served to identify 
some problems o€f usage of this root crop and vie proffer 
solutions. 

Identified Problems and 

Recommendations 
Dehydration and ensiing of root, vines, and leaves. 
Sweetpotato roots have i high moisture content which 
makes them quite bulky and difficult to transport in 
fresh form. There is a need to dehydrate the roots at 
production sites. Solar radiation is abundant in most 

parts of Africa and the vast potential of this energy 
source needs to be tapped for dehydrating this crop. Thequltofscprdtsnesobehckdoro
quality of such products needs to be checked for con
tamination with dust and microbes. Alternatively, 
driers can be fabricated locally as in this study for use 

wodrsadutiabnn. 
where wood or saw dust is abundant. 

In addditon to dehydration, this root crop can be 
ensiled along with its vines and leaves and the fresh 
product can be used for all classes of livestock including 
poultry, as is being practiced in Cuba. The ensiling 
p 
process also generates lactic acid which makes theacidic and hence unfavorable for the growth of 
some micro-organisms. The heat of fermentation 
produced durint esiling car reduce toxic components 
like the trypsing inhibitors; ent in raw srtveetpotatolk h rpi niios:,n nrm '''eptt
roots. Ensiled sweetpotato roots, leaves, and vines can 
therefore be suitable for feeding all livestock species. 
Sweetpotato is a suitable material for solar dehydration 
into a product that is acceptable as a livestock feed 
component. 
Breeding and selection for desirable biochemical 
characteristics. As wscported for our poultry and pig 
studies, performance was generally reduced with high 
levels of sweetpotato. The nutritional factors that have 
been implicated include the high soluble sugar with the 

possibility of an adverse effect of the gastrointestinal 
tract physiology and the presence of trypsin inhibitors 
particularly in sun-dried (non-heated) materials ('Tewe 
10-86). From the range of values obtained on the 
chemistry of the forty-nine varieties from the IITA, it 

should be possible to select sweetpotato of low soluble 
sugar content, and possibly low trypsin inhibitor levels. 
It should be noted that the presence of amylase or other 
starch digesting enzymes in the roots can determine the 
level of sugar in the final product, particularly if the 
roots are heated before or during dehydration. Levels 
of such enzymes need to be monitored in selected 
varieties. Moreover, as shown in Table I, some varieties 
of sweelpotato contain crude protein levels as high as 
maize. These can be selected to replace the scarce and 
expensive cereals in livestock feeds. 
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Table 3. Perfirmance, nutrient utilization, carcass traits, and economics of production of broilers fed vary. 

ing levels of sun-dried and oven-dried sweetpotato.a 

Sweetpotato level % 
Param .ters Sun-dried Oven-dried Sun-dried Oven-dried 

0 50 50 100 100 

Starter phase 

Weekly feed intake/bird (g) 	 331.45a 259.25b 271.63b 206.75c 214.13c 
Weekly weight gain/bird (g) 	 135.75a 69.50c 82.00b 39.00c 55.00d 
Feed intake/weight gain 	 2.442c 3.899b 3.811 b 4.967a 4.139b 
Mortality (%) 	 8 4 8 14 6 
Feed cost/live weight 
gain (NGN/kg) 	 1.61 2.76 2.41 4.36 3.23 

Finisher phase 

Weekly feed intake/bird (g) 	 545.25a 519.88ab 496.00b 443.25c 488.25d 
Weekly weight gain/bird (g) 	 146.88a 130.88c 124.25b 78.9d 88.00c 
Feed intake/weight gain 	 3.7122 3.995c 4.040c 5.683a 4.982b 
Mortality(% 	 6.67 13.34 13.34 20.01 16.68 
Feed 	cost/live weight
 

gain (NGN/kg) 2.17 2.58 2.53 4.17 3.47
 

"Values 	 in the same row followed by the same letters are not significantly different (P>0.05). 

Table 4. 	 Performance, nutrient utilization, carcass traits, and economics of production of broilers, on oven
dried sweetpotato as partial replacement for maize." 

Sweetpotato level % 
Parameters 0 10 20 30 40 50 

Starter phase 

Weekly feed intake/bird (g) 331.45a 298.50bc 306.00b 270.95d 288.88c 271.63d 
Weekly weight gain/bird (g) 135.75a I 13.25c I 15.13b 99.38bc 92.75c 82.75d 
Feed intake/weight gain 2.442c 2.609c 2.380c 2.785c 3.269b 3.81 Ia 
Mortality (%) 8 12 6 10 12 8 
Feed cost/live weight 
gain (NGN/kg) 1.61 1.76 1.85 1.91 2.24 2.41 

Finisher phase 

Weekly feed intake/bird (g) 545.25a 496.25b 499.38ab 494.38b 491.13b 496.00b 
Weekly weight gain/bird (g) 146.88a 142.19a 136.13a 139.13c 121.63b 124.25b 
Feed intake/weight gain 3.712c 3.759c 4.315bc 4.079bc 4.721 a 4.040c 
Mortality (%) 6.67 0 6.67 6.67 6.67 13.34 
Feed 	cost/live weight 

gain (NGN/kg) 2.17 2.05 2.16 2.16 2.51 2.53 

"Values in the same row followed by the same letters are not significantly different (P>0.05). 
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Table 5. Performance, nutrient utilization, and economics of production in layers fed varying levels of 
sweetpotato.a 

Metabolizable Energy level (Kcal/g) 
Parameters 

2.85 2.65 2.45 

Sweetpotato level (%) 0 50 100 0 50 100 0 50 100 

Cost of feedb'
 
NGN/t 775.3 656.6 560.3 728.8 634.5 545.3 640.5 595.0 349.5
 
NGN/100 eggs 
NGN/kg eggs 

Weekly feed consump
tion/bird (kg) 

Avg. initial body weight 
Weekly body weight 

gain 
Wc-kly no. of eggs 

produccd/bird 
Average weight 

12.29 22.4 38.13 17.86 19.68 22.21 21.01 13.28 18.05 
16 22 29 18 20 22 21 16 18 

1.2b 1.09a 1.03a 1.l8bc 1.l4bc 1.13b i.25cd 1.20c 1.24cd 
1.545a 1.70b 1.74c 1.61ab 1.62c 1.52a 1.67b 1.64b 1.595a 

.033a .022a .84a .036a .026a .033a .013a .022a .0252a 

5.025a 3.195b 1.515a 4.35 1c 3.675c 2.929b 3.91b 3.905d 3.775cd 

of eggs (g) 58. 1a 58.02a 54.46a 68.88a 57.3a 56.67a 57.96a 59.74a 61.16a 
Feed consumption (kg)/ 

egg produced 2.75a 2.68a 2.70a 2.76a 2.86a 2.76a 2.08b 2.86ab 2.89ab 
Feed consumption (kg)/ 

egg produced 222.9a 314.2b 579'0d 245. la 319.2a 320.1a 328.1b 286.8ab 328.56 
Metabolizable energy 

(kcal/g) 2.92c 2.84c 2.73b 2.77b 2.71 b 2.81 ab 2.58a 2.54a 2.49a 
Nitrogen retention (%) 55.9a 55.5a 64.8b 54.23b 67.58c 59.21 b 81.99b 69.8c 71.64a 

"Values in the same row followed by the same letters are not significantly different (P>0.05).
bNigerian Nairas. 

Improvement of physical limitations. Dried sweet-
potato is dusty and this factor limits the level that can 
be incorporated into dry rations. The dustiness causes 
respiratory disturbance, particularly in poultry, and feed 
intake is reduced. Pelleting, addition ofoil, gelatinizing, 
and possibly extrusion should be be investigated for the 
reduction of dustiness in sweetpotato-based rations. 

Rural adaptation strategies for enhanced utilization. 
More than 90% of food produced in tropical Africa is 
from the rural areas. Root crops constitute the most 
economical and "convenient" crop that is cultivated in 
this region. Stimulation of production through greater 
demand by end-users will not only increase the 
availability of these root crops. but it will also improve 
rural population incomes. In this regard, it is imperative 
that end-users of root crops should be acquainted with 
practical postharvest technologies that can enhance the 
utilization of the root crops for man and animal. End-
users constitute the major force that can create higher 

demand for these crops and thus, induce farmers to 
increase cultivation through the creation of a stable and 
favorable market. They are the group that can empower 
the ruial population. 

It is pertinent at this stage to reflect on the potentials 
of root crops for food security in Africa. I perceive a
 
situation in which the mother of all crops (or the root of
 
all crops or root crops as it is known) is calling on
 
Mother Africa.
 

Africa, what more can I do for you?
 
"I provided you with yam and you complain that it is
 
difficult to stake, nor can survive during wars.
 
"i gave you cassava and you complain that it is toxic,
 
bitter, the stems too bulky for planting and long to
 
mature.
 
"Now, I have provided you with sweetpotato. You can
 
eat the leaves and tubers and still feed the vines to
 
livestock and use them for planting. Even it matures
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Table 6. Performance of weaner and grower pigs on graded levels of sweetpotato meal-based diets.u 

Replacement (%) with sweetpotato meal 

0 33 67 10(0 SEX 

Weaner phase 
Average daily feed intake (kg) 0.81a 0.68ab 0.66ab 0.51c 0.04 
Average daily wt gain (kg) 0.44a 0.34ab 0.28bc 0.19c 0.03 
Feed efficiency 1.85 1.97 2.41 2.86 0.11 

Average daily feed intake (kg) 1.69 
Grower phase 

1.49 1.44 1.30 0.04 
Average daily wt gain (kg) 0.69 0.78 0.65 0.54 0.05 
Feed efficiency 3.02 2.50 2.86 2.55 0.09 

"Value; with the same letters in horizontal rows are significantly different (P<0.05). 

Table 7. Performance and nutrient utilization in growing sheep fed sweetpotato- and cassava-based diets. 

Parameter 


Daily DM gross intake (g) 

Daily DM corcentrate intake (g) 

Total daily DM intake (g) 

Daily weight gain (g) 

DM intake/unit wt. gain 

N-balance (g/day/W 0.734 kg) 

Digestible energy (% of gross energy) 


Maize 

257.4 
662.4 
919.8 
121.1 

7.6 
1.5 

81.59 

faster than all others. Still you complain that it is too 
sweet. 
"Now, I am telling you, select sweetpotato for low sugar 
content and high protein. After all, I have given you 
thousands ot varieties of sweetpotato. If you do this, you 
will never again complain of starvation nor the death of 
my dear children from food insufficiency and related 
diseases" (Nwakpa 1986). 

As we match through the dusk of this century into 
the (lawn of a now one, we certainly need to empower 
our rural populace who provide the bulk of food for our 
table. No crop can achieve this in Af-ica as readily as 
root crops. Certainly, sweetpotato must he accorded its 
rightful place for food security and sustainable develop-
ment in tropical Africa. 

Experimental variable 

Sweetpotato Cassava 

255.9 203.0 
843.9 708.3 

1,099.8 961.3 
119.9 122.2 

9.2 7.9 
2.06 1.67 

86.31 83.33 
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Cooking Characteristics of Three Sweetpotato
 
Cultivars Grown in Kenya
 

N. K. 0. Ojijo and E. G. Kartri 

Abstract 

Boiled sweetpotato root is a popular food in Kenya. In this study an objective method for determining 
the cooking times of sweetpotato roots was developed. Small sweetpotato pieces were cooked in boiling 
water and the degree of cookedness was assessed by both instrumental and sensory testing. The Instron 
Universal Food Testing Machine was used for puncture and back-extrusion testing. Results of these tests 
were analyzed against one another and also against the sensory assessment scores for the degree of 
cookedness. The puncture test yielded data tliat correlated highly with the sensory data in a typical power 
model relationship for all three test cultivars. Cooking times and the sensory acceptability of the cooked 
root could subsequently be predicted from the instrumental results. 

Key words: back-extrusion, cookedness, objective measurement, puncture test, sensory assessment, 
subjective measurement. 

Introduction 

Sweetpotato (/ponoca batatas) is cultivated in virtuallyall agro-ecological zThereallagee-coogialzones represented in Kenya, except 

the arid regions of the North-Eastern Province. Sweet-
potato had a key role as a security crop in the diet of 
many communities especially during periods ot u 
favo)rable climatic conditions when staple grain har-
vests are insufficient. The cultivation of this crop is 
solely on a subsistence scale in small backyard gardens 
or along highways. The average annual per capita 
production in Kenya has been estimated at 14.5 kg/per
son/yr (Ewell and Mutuura 1990), with a total annual 
production of 380,000 t (FAO 1999). 

The majority ol Kenyan communiti-s hoil the roots, 
peeled or unpeeled, and eat it with te. for breakfast and 
fermented porridge or fermented milk fir lunch or 
supper. Ir tihe coastal regions, the 'oots are boiled and 
consumed with coconut juice during the Muslim Iholy 
Season of RamaJan. T'he vines may also he used as a 
vegetable when co()ked in combinaton with other local 
green leafy vegetables and eaten along with ugali (thick 

porridge) for lunch or supper but mainly vines are used 
as livestock fodder. 

is an immense varietal diversity of sweet

potato in various parts of Kenya which provide a 
favorable pot ntial for selection and improvement of 
those varieties having desirable nutritional and culinary 
qualities. 

Problem Statement 

Traditionally, sweetpotato is consumed aftercooking in 
boiling water. When the root is boiled it softens and if 
overcooked may disintegrate. Overcooking should be 
avoided to reduce nutrient loss. Undercooking during 
the boiling process may he hazardous for the canned 
product and, although [he product is still palatable, it 
may contain high amounts of anti-nutrients. These anti
nutrients generally break down through propercooking. 
It is, therefore, necessary to cook roots for the optimum 
time. The degree of cookedness can be assessed subjec
tively by sensory measurement. This is achieved by 

Coffee Research Foindalion. P.O. Box 4,Ruiru. Kenya. and Department of Food Technology and Nutrition (DF'TN), University of 
Nairobi (U)N). P.O. Box 29053, Nairohi, Kenya, respectively. 
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pressing the root between the fingers, by biting with the 
inscissors (followed by mastication), or by puncturing 
the root with a sharp object. Inese methods cannot be 
relied upon in a commercial operation. 

Nutritional evaluation ofsweetlw,tato cuhivars that 


abound in Kenya has not been the subject for research 
at the National Agricultural Research stations. As a 

result, there is very little information available on local, 
as well as imported cultivars. 

In this study, three sweetpotato varieties, e.g., 
Nyakura, Nveri, and Katumani Sweetpotato 20 
(KSP20), were compared for their chemical composition 
(including nutritional constituents) and cooking charac-
teristics. It is our conviction that this study will augment 
concerted national efforts at improving sweetpotato for 
human fOod., 

Materials and Methods 

Materials 

Sweetpotato Cultivars 

The three sweetpotatocultivars were planted at the Field 
Station, Facultv of Agriculture, University of Nairobi 
('ONI, beteen 15 and 23 November. 1989. All 

varieties were planted on manually prepared mounds 
spaced approximately 0.7 in apart, using vine cuttings 
procured from an experimental nurser' plot at the sta-
tion anod also from the sweetpotato germpl asm collIec(ion anud al the ctumni ge sion ec-rvandReerchtato 
tin ma i triat ofatern rovnResarc.Th Staonin M achakos District of F.astern Province. "lhesoil type 
at the station can ,edescribed as Kikuvu friable loam 
with good fertility. Weeding was carried out about four 
weeks after planting and no fertilizer was applied. Har-
vesting of all three varieties was done approximately six 

months after planting. Rainfall was adequate over the 
growing season and the growing roots experienced no 
physiological stress. 

Cooking Characteristics 

Universal texture testing machine, Instron. Model 1122, 
which has a tension-compression load cell type 251 
312, Model No. A217-12, England, was used for gaug-
ing the cooking. 

Methods 

lotal Solids 

Pre-weighed samples were dried in a vacuum oven 

maintained at 65-70C to constant weight. Total solids
 

were obtained by difference (Ranganna 1977). 

Crude Fat 

Pre-dried sweetpotato samples were extracted with 
petroleum spirits (40-60'C) in aSoxhlet extractor under 
reflux for a minimum of 8 hr. The extract was 
evaporated in a vacuum in a rotary evaporator and the 
residue dried in an air oven at 1()5°C for I hr. After 
cooling, the dried residue was weighed and the dif
ference in weight (crude fat content) was expressed on 
a dry matter basis. This procedure was adapted after 
Ranganna (1977). 

Crude Fiber 

Exactly a 2 g sample, pre-dried in a vacuum, was 
digested in boiling 2.04N H?,S0 4 (sulfuric acid) for 30 
min and subsequently in boiling 1.78N KOII (Potassium 
hydroxide) for 30 min.The resulting residue was rinsed 
repeatedly with portions of ethanol, transferred qualita
tively to a porcelain dish, and dried at 105'C for I hr in 
an air oven. Dish and contents were weighed and trans
ferred into a muffle furnace. The sample was ignited at 
550'C to constant weight, cooled, and weighed. Crude 
fiber was obtained by difference and expressed on adry 
weight basis (Ranganna 1977). 

Crude Protein 

The Macro-Kjeldhal method outlined by Ranganna
(1977) was followed with modifications in the analytica re g ns 
cal reagents. 

A I g sample (pre-dried) was digested by controlled 
heating with 20 ml concentrated 12S04 in a Kjeldhal 

flask containing Kjeldhal catalysts and anti-bumping
pumice. After digesting to completion, an appropriate 

amount of' distilled water and some drops ofphenolphthalein indicator were added. The digest was 

distilled later adding a sufficient quantity of 40% NaOt I 
(Sodium hydroxide) Solution to make it alkaline. The 
released Ni'li (ammonia gas) was collected in 5) ml 0. IN 

ICL (hydrochlo,-ic acid) solution and residual 1ICL 
back-titrated against standard 0.IN NaOtl (Sodium 
hyroxide) solution. A blank was run alongside the 
samples and crude protein calculated as N x (.25, where 
,was obtained by asuitable stoichiometric factor. 
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Total Ash 

A previously dried weighed sample was ignited at 
500'C until a light grey or white ash of constant weight 
was obtained (Ranganna 1977). Total ash was obtained 
by difference in weights and expressed on ; dry weight 
basis. 

Total Carbohydrates 

The total carbohydrates excluding crude fiber were 
obtained by difference, 

Cooking Characteristics 

Sample Preparation 


Sweetpotato pieces (4 cm in diameter and 3 cm in 
height) were gored out of the tuber flesh. The cylindrical 
pieces were placed in wire baskets and cooked in boiling 
water for predetermined time intervals. The cooked 
pieces were then segregated for sensory and instrumen-
tal evaluations. 

Instrumental Evaluation 

of Cookedness 

Back-extrusion 

Cooked sweetpotato pieces weighing 320 g were 
uniformly stacked in aback-extrusion test cell. The test 
cell had a diameter of 101.6 mm while the diameter of 
the piston was 93.5 mm giving an annular clearance of 
S,24 1.2 mm2 .The stroke depth was 30cm and the stroke 
rate or cross-head speed was I(X) mm/mm. Maximum 
force required to accomplish extrusion was recorded. 
Five replicate tests were performed at room tempera
ture. This is a modification of the procedure for cooked 
potatoes applied by Kozempel (1988). 

Puncture Test 

A cylindrical loading indenter 7.5 mm in diameter was 
penetrated into sweetpotato pieces, at a constant cross-
head speed of' 100 mm/min, to a depth of"7 mm. Chart 
speed was also set at 10( mm/min. Twenty pieces were 
tested and yield point force recorded for each. Tests 
were performed at the geometric centers of pieces that 
had been cooled to room temperature (Adam et al. 
1980). 

Sensory Evaluation of Cookedness 

Sensory responses were used to determine the optimal 
cooking times for the three sweetpotato cultivars. The 
method used was adapted after that employed by Flarada 

et al. (1985) for texture determination incooked
 
potatoes. 

A nine-point scale (Table I ) was used to assess the 
degree of cookedness of the sweetpotato pieces. The 15 
panelists were regular consumers of sweetpotato. Each 
panelist recorded his numerical judgements for the same 
three sample pieces. Water was available for panelists 
to rinse particulate matter from the mouth between tests. 
The judgements for each given sample were averaged 
(for the three samples) and used for regression analysis. 
According to scaled categories, a numerical judgement 
of five corresponded to an optimally cooked sample. 
The time required to reach this value was taken to be the 
optimal cooking time as determined from the regression 
equations. 

Table 1.	Sensory scale ror evaluation of cooked
 
sweetpotato pieces.
 

I Extremely raw 
2 Very slightly cooked
3 Slightly cooked 

4 Nearly cooked 
5 Sufficiently cooked 
6 Very slightl., overcooked 
7 Slightly overcooked 
8 Overcooked 
9 Extremely overcooked 

Results and Discussion 

Root Composition 

Cultivar KSP20 had the highest crude fat content 
(1.35%) and total ash (3.66%). Dry matter content and 

specific gravity of roots seemed to exhibit a positive 
correlation. Nyer, had the highest total solids (34.98%) 
and the highest specific gravity (1.066). Nvakura was 
intermediate with total solids of 34.75% and a specific 
.ravity of 1.056. KSP2( had the least total solids 
(24.32%) and specific gravity (I .041 ). Total car
bohydrates were comparable in KSP20 and Nyeri, 
88.39% and 88.95%. respectively. The crude protein 
content was also similar at 3.95% for KSP2() and 
3.73% for Nyakura. Nyeri which had the least total 
carbohydrates (84.51/) was almost twice that of 
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KSP20 or Nyeri. Proximate composition of the three 

cultivars is summarized in Table 2. 

Table 2. 	Proximate composition of KSP20, Nyeri, 
and Nyakura. 

KSP2O Nyen Nyakura 

Specific gravity 1.04 1.07 1.06 
Crude protein" 3.95 8.44 3.73 

Crude fat" 1.35 1.15 1.20 
Crude fibers' 2.65 2.40 3.05 

3.40Total ash" 3.66 3.50 

Total carbohydrates" 88.39 84.51 88.95 

f% of dry matter. 

Cooking Characteristics 

Tables 3 and 4 show the back-extrusion force and yield 

point torce ir pieces of cuftivars KSP2(. Nyeri. and 

Nv,,':ura cooked for different time intervals. Table 5 

,,how, the regression analysis of averages of panelist 

responses to pieces cooked for various time intervals in 

boiling water. 

Table 3. Back-extru.;i-t; "orce at different cooking 
times. 

Force required to accomplish extrusion (kN)" 

Boilin ) KSP20 ________ ___-

time (mi) KSP20 Nyeri Nyakura 

5.0 4.159 2.8 
10 	 1.7 3.25 1.25 

-12 0.6 
14 0.53 1.20 1.25 

16 0.43 0.90 1.23 
0.83IX 0.56 0.70 

2(1 0.48 0.53 0.58 

"JkN= kilo Newtons. 

From the regression analysis in Table 5, three equa-

tions can be constructed for the respective cultivars as 

be I )w: 

Ri 1.029 + 0.257 t (I) 

R2 = 1.293 + 0.2071 	 (2) 
R, = 1.330 + (.196 t 13) 

In these equations, Ri, R2, and R3 are the average 
sensory scores for t:,;[120, Nyakura, and Nyeri, respec-

tively, and t is the cooking time in minutes. Since the 
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sensory score of 5corresponded to an optimally cooked 

sample according to the category scale in Table I, 

substituting this value for R in equations 1. 2. and 3 will 
give 15.5 min as the optimal cooking time for KS1120, 
1 min for Nyakura, and 18.7 min for Nyeri. It appears 

that the higher the dry matter content, the Ionge- the 
optimal cooking time. Nvcri which had the highest dryN 

matter (see Table 2) also had the longest cooking time; 
while KSP20 with the least dry matter content also had 
the shortest optimal cooking time. 

Table 4. Bio-yield point force at different cooking 
times. 

Bio-yield point force (kN) 

Boiling 
time 'min) KSP20 Nyeri Nyakura 

0 0.130 0.160 0.213 
2 0.095 0.122 0.149 
4 0.06C8 0.070 0.109 
6 0.038 0.035 0.036 
8 0.022 0.014 0.036 

10 0.012 0.014 0.028 
12 0.014 0.009 0.011 
14 0.011 0.007 0.016 
16 0.012 0.009 0.M05 
18 0.006 0.009 0.()9 
20 - 0.006 0.(X)9 

From Table 3. it can be seen that the center of the 
cylindrical pieces (Nyeri and Nyakura) cooked suffi
ciently after about 18 min. Any further cooking was 

do notunnecessary because rigidity and strength 

change. 	This agrees with the optimal cooking time as 

gauged by sensory evaluation in the case of both Nyeri 
and Nyakura. For KSW20, the time at which there is no 

further decrease in back-extrusion force for any addi

tional cooking is about 15 min. This also agrees with the 

optimal cooking time from sensory evaluation. In Table 
3, yield point force for KS1120 ceases to decrease any 
further at about 13 min, and at about 17 min for both 

Nyeri and Nyakura. These are not in as close agreement 

with the sensory data as were the back-extrusion tests, 

indicating that the back-extrusion test technique may be 

a better, more objective test for changes in textural 
properties in cooked sweetpotatoes than the puncture 
technique. 

The usefulness of the objective texture measure
ment technique can only be gauged by the 	degree to 

which collected data correlate with sensory 	data. Thle 
puncture 	data were better correlated with the sensor 
data than back-extrusion (Table 6). Also, the puncture 
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Table 5. Optimal cooking time of KSP20, Nyeri, and Nyakura by sensory evaluation. 

Regression Std. error 
constant of Y 

KSP20 	 1.02857 0.333 
Nvakura 1.29286 0.327 
Nyeri 	 1.33000 0.314 

Y= Average sensory score for degree of cookedness. 
R-= Regression coefficient. 
X = Cooking time (min). 

test was quicker. Back-extrusion exceeded the range of 
measurement during the earlier minutes of cooking. 
Data in Tables 3 and 4 were regressed to evolve 0w best 
mathematical models. Table 6 is the summary of the 
regression coefficients. A power model (log-log equa-
tion) fit the instrumental vs sensory data best. In this 
model, the puncture data showed better correlation for 
all three cultivars. The instrumental methods used did 
not correlate highly and a log function fit such data 
best. 

Fable 6. Regression coefficients for instrumentaland sen,,ory data. 

KSP20) Nyeri Nyakura 

Sensory vs. back-extrusion data: 
.quation Y = AX "t

A 67.93 293.92 43.16 
B -3.02 -3.84 -2.48 

0.81 0.98 0.78 

Sensory vs. puncture data: 
Equation Y = AX1' 

A 	 0.18 0.37 0.51 
B -1.83 -2.61 -2.55 
r0 	 0.95 0.94 0.93 

[lack-extrusion vs. punlcture data:Equatic onY = A+Blg dXa: 

A 1.37x 10-2 8.63x 1()-3 1.39x If( 2 
B 4.93x 10 1 3.92x 10 3 I. 4 7x 1( 
r" 0.51 0.78 0.63 

"Correlation coefficient. 

X Std. error of 
R2 coefficient coefficient 

0.980 0.257 0.0210 
0.971 0.207 0.0210 
0.970 0.196 0.0198 

Conclusion 

The instrumental methods used above are accurate and 
reproducible. However, the results are meaningless 
without the sensory responses. For field work or com
mercial operations, the Instron would have to be 
replaced by a simpler hand tool for more rapid results. 
A puncture probe would be most appropriate. 

The sensory assessment of cookedness can be best 
predicted from the instrumental data using the power 
equation. 

The force measured depends mainly on the dryTefremaue eed anyo h r,matter content of )e root. The methods described here 

will be useful for all tropical roots and tubers. 

Finally, there is a big variation in composition
between cultivars. More research work should be car
ried out to determine the nutrient composition of all 
available cultivars. 
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Trials for the Introduction of Sweetpotato 
in Bread Making in Burundi 

D. BerriosandM. Beavogui' 

Abstract 

M any African countries import large quantitites of wheat flour to satisfy the rapidly growing demand 
for bread among the expanding urban population. This represents a major drain on scarce foreign exchange 
as well as on food dependence. At the same time, many of these countries also produce sweetpotatoes. 
This paper describes efforts in Burundi to substitute locally produced sweetpotato in raw, grated form for 
wheat flour in the baking of composite bread. The techniques utilized are relatively simple. The necessary 
ingredients are all available locally. Pilot production and consumer testing have both proven quite 
satisfactory. 

Key words: postharvest technology, wheat flour, pilot production, consumer testing. 

Introduction 

The people of Burundi consumed 14,000 t of wheat 
flour in 1990. Nearly all of that wheat was imported; 
and 99% of that flour was used for making bread. In 
1990, it represented 1.759 million Burundese francs 
(F3U), or I'S$ 10.1 mi!lion. Considering the rapid 
growth of bread consumption in the country, this sum 
could increase drastically in the near future, takingaway 
an important part of already small foreign exchange 
resources. 

Even though the Government of Burundi is en
couraging dormestic wheat production along the Zafre-
Nile Divide, it is estimated that the local harvest will 
cover only 50(X(of the country's needs by the year 2000. 
There is, therefore, a need to find alternatives to simply 
importing more wheat flour. One possible approach is 
the promotion of' composite bread made by including 
,weetputato into the wheat flour mixture. 

Each year. Burundi harvests 650.0(X t of sweet-
potato. The crop is produced throughout the country and 

consists of many different varieties. The roots are sold 
between 5 and 12 F3U, which is 10-15 times cheaper 
than wheat flour. Moreover, postharvest losses of sweet
potato nation-wide are estimated to be as high as 50%. 
For these reasons, and following a proposal of a CIP 
consultant, it was decided to try the introduction of 
composite bread in Burundi. The recipe used, of 
Peruvizn origin (pan de camote), includes the incor
porationm of raw, grated sweetpotato in the wheat fl.;,r 
dough. 

Materials and Methods 

e 	 laboratory experiments, including preliminary con
sumer testing; and, 

e 	 pilot production, complemented by a large consumer 
test which included some commercial promotion. 

Physiologist. Intcrnational Poalto Center (CIP). Buiurhura. Burundi; and Chief Technical Advisor. Food and Agriculture Organiza
tion of the I[ited Natiomns (AO), Bujumhura. Burundi, respectively. 
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Laboratory Experiment 

Laboratory testing was necessary since it was not 
known how the locally produced sweetpotato varieties 
would perform during baking, nor what ould b- the 
best locally acceptable percentage of sweetpotato to 
wheat flour in the bread. 

These laboratory experiments were conducted at 

the Institut des Sciences Agronomiques du burundi 
(ISABU) at Gisosi Center. 

Raw Materials 

The wheat flour used was purchased at the local market 
from the usual importing company. 

Analysis of the flour indicated the following resu!,s: 

Zelenv test = 21 ml 
Chopin alvacograph P = 86.9 

P/L = 0.99 
w = 295.6 
G = 20.3 

Dry matter = 87% 

The sweetpotato used was variety Inou y'tnta-
ganha. During analysis, only a dry matter content of 
38% could be identified. Further testing could not belimiatios. om-Oher 
done because of equipment limitations.cottage 
ponents (sugar, yeast, oil, and salt) were procured in the 

local market and were considered to be of good quality, 

The final ingredients, amylase and ascorbic acid, were 

obtained from ISABU. 

Equipment 

The equipment used for preparing the dough for baking 
included: 

" Chopin alveograph 

" Grinder/multirobot 

" Mixing machine (Petrin) 

" Electric oven 

" Various containers and hand tools 

Process 

Several trials were made. These trials involved the 
baking of about I ,0) pieces of 70 g bread. The follow-
ing proces.i was used: 

Preparation or raw materials. Wash sweetpotatoesusing water and a brush; grind sweetpotatoes; weigh 

raw materials (flour, sweetpotatoes, additives); and mix 
with yeast in warm water (Fig. I). 

IVixing. Mix flour, sugar, amylase, and ascorbic acid in 
the mixing machine. Add yeast mixture; add water; add 
ground sweetpotato while still mixing; and add salt 

while mixing s the final step. 

Fermentation. Let the mixture rise for 25 min; cut the 
mixture into pieces and let it rise again for 25 min; and 

form the pieces of bread and let them rise again for about 
25 min. 

Baking. The baking was done as for normal bread at a 
temperature of approximately 250"C. 

Quality control. The main factors observed in quality 

control procedures were volume, color, smell, taste, and 
porosity. 

Pilot Production 

During the pilot production phase the sweetpotato bread 
was tested under real conditions. This was necessary to 
determine the best technological process to be used at a 
given production facility, fix the production cost, and 
obtain the opinion of the consumer. It was decided that 

the pilot production would be done in a neighborhood,
industry-type bakery in Bujumbura, since this 

is the way that inexpensive bread is baked in the rural 
areas of Burundi. 

Raw Materials 

The raw materials used were the same as those in the 
laboratory test. Therefore, it was considered that their 
technological, biochemical, and microbiological qual
ities were good and no new analysis was needed. 

Equipment 

The sweetpoato grinder used was a machine manufac

tured locally by a project of the Food and Agriculture 
Organization of the United Nations (FAO). The grinder 
was built by modifying the design of a cassava grater, 
and driven with a 220V electric motor which has a 
capacity of 2(X) kg of sweetpxotato per hour. 

The rustic ovens in the neighborhood bakery are 
made from bricks with the baking chamber on the top 
of the combustion chamber. The two chambers are 
separated with a piece of sheet metal which serves as a 
heat exchanger. The oven is heated by a wood fire. 
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Figure 1. Process for making sweetpotato breaw. 
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In addition to various containers and hand tools, the 
two major pieces of equipment used were the sweet
potato grinder and the rustic oven. 

Process
 

The following process was used: 

After washing the sweetpotato roots with water and 
a brush to remove surface impurities, they wereweighed. Twenty-five 'g of wheat flour, 10.5 kg of 
ground sweetpotato, and other additives were set 

aside. 
M First, the flour and water were mixed in a container, 

ano ne ground sweetpotato roots added progressive
ly.
 

sHand mixing was continued until the mixture be
came homogeneous. It was left to rise; after which 
pieces were formed. After rising again, the bread was 
baked for 15-20 min. 

Results 

The most appreciated bread obtained, using the pan de 
recipe, is the one in the shape locally called 

"sandwich." It is a 70 g piece made out of 70% wheat 
flour and 30% grated sweetpotato (fresh weight). In 

bread made with up to this percentage (30%), the sweet
potato taste was not perceived by consumers. 

In terms of quantity, the number of bread pieces 

obtained with the mixture 70/30 is less (0.05%) than the 
one with 100% wheat if an equivale:t amount of in
gredients are used. Nevertheless, the overall production 
cost with the 70/30 bread is over 15% lower. 

Large consumer tests have been very satisfactory 
as the bread was fully accepted. A commercial test was 
also done at the second stage. This test was advertised 
using posters and labels. Consumers bought the bread 
readily at the same price as bread made with 100% 
wheat flour. 

Given this increase in profit, the female owner of 
the neighborhood bakery where the test was organized
decided immediately to take over the production and to 
carry it out. The bakery, located in a suburb of Bujum
bura, is now producing pan de catnote on a regular 
basis. Since then, many other interested bakers have 
approached the project for assistance. 
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Conclusion • the country to save foreign exchange by importing 
less wheat flour; 

The pan de camote can be easily produced in the re
quired qualities by local, cottage-industry-type bak- * the farmer to have access to a new market for sweet
eries, potatoes; 

* the baker to increase profits by lowering the cost of 
It definitely can have an impact on the country's producing bread; and, 

economy. In fact, the promotion of pan de camote will 
help: * the consunicr (maybe) to buy cheaper bread. 
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The Use of Sweetpotato in Bakery Products in
 
Cameroon 

Adhiambo OdagaandRose Wanzie' 

Abstract 

Cameroon, like many African countries, uses scarce foreign exchange to import wheat flour. Cameroon 
also produces some 150,000 t of sweetpotatoes a year and there is considerable potential to expand output 
well beyond that total. However, prices for sweetpotato are low and demand for fresh roots limited. Thus, 
a key question emerges: if Cameroon's farmers harvest more sweetpotatoes, how will they be utilized? 
This paper documents the experience to date in substituting raw grated sweetpotato roots and sweetpotato 
flour in bread, cookies, doughnuts, and other bakery products. The results indicate that this is not only 
technically feasible but also economically attractive. Thus, considerable potential exists for generating 
additional uses for sweetpotato as well as reducing wheat flour imports. 

Key words: bread, grating, women's groups, costs, revenues. 

Introduction 
The use of sweetpotato grated roots and flour in bakery 
products particularly in bread making has been at-
tempted in several countries including the Phillipines, 
Trinidad and Tobago, Taiwan Province of China, 
Burundi, and Peru (Woolfe 1992). Sweetpotato is one 
of only two root crops for which improved varieties are 
available and widely cultivated in Cameroon. With an 
annual average production of 150,000 t, Cameroon is 
the leading producer of the crop in the West Africa 
region. Due to the success of a colloborative project 
between The International Institute for Tropical Agri-
culture (IITA), Cameroon's Institute of Agronomic Re-
search (IRA), and Gatsby International, sweetpotatoes 
are widely grown in the country. Postharvest utilization 
of the crop, however, remains limited, 

The Food and Agricultural Organization of the 
United Nations (FAO)United Nations Development 

Piogram (UNDP) project has developed a technique for 
processing sweetpotato roots into dried chips that are 

then milled into flour. The process has been introduced 
to a women's group in Babungo who are now producing 
dried sweetpotato chips. Recipes that utilize both 
sweetpotato roots for bread making and sweetpotato 
flour for cakes, biscuits, pastries, and local snacks have 
been developed and introduced to local bakeries and 
bakers. Data on various costs are being collected. 

This paper gives an account of an ongoing study on 
the viable use of sweetpotates in bakery products in 
Cameroon. The study developed composite 
sweetpotato/wheat flour recipes for bread, pastries, and 
local snacks and introduced them to local bakeries and 
bakers. An attempt is being made to analyse the eco
nomic benefits of such recipes and assess the viability 
oftheir long-term adoption and use. The paperdescribes 
what has been accomplished so far with regard to the 
two sweetpotato products in question: i) Sweetpotato 
flour; and, ii) bread made from freshly grated 

po roots. 

Some preliminary conclusions are also presented. 

Rockefeller Fellow/Social Scientist, International Potato Center (CIP), Cameroon (1991-1993), current address c/o The World Bank, 
AFTHR Division, Rm J-2008, 1818 H. St. N.W., Washington D.C. 20433, USA; and, Provincial Subject Matter Specialist
Post-Harvest, The Provincial Delegation of Agriculture, Bamenda, the North West Province, Cameroon, respectively. 
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Sweetpotato Flour 

Bread 

A local pastry chef was hired to develop recipes for 
popular local breads. Initially it was presumed that 
sweetpotato flour could easily be incorporated into 
bread making. Since bakers are used to flour, it was 
assumed that sweetpotato flour would be more accept-
able and convenient to them than fresh sweetpotato 
roots. Arecipe comprising 25% sweetpotato flour/75% 
wheat flour was introduced to a modem bakery in 
Bamenda. The first batch of bread baked turned out well 
but was rejected by consumers for several reasons. The 
sweetpotato flour bread looked like wheat bread which 
consumers are not familiar with in Cameroon. Since 
several of the distributors did not let their clients know 
that the bread contained sweetpotato, the products were 
rejected on sight. Those consumers who did taste the 
bread found it palatable though some complained that 
the bread was too crumbly and a little dry. The bakers 
also found the sweetpotato flour difficult to work with 
inbread making. They spent hours kneading inorder to 
turn out reasonable dough. This exercise has laid to rest 
an ongoing debate Lkmongst us on whether or not to 
endorse certain sweetpotato flour recipes. For now, we 
have decided not to recommend sweetpotato flour for 
bread making. 

High Value Bakery Products 

In the process of experimenting with the sweetpotato 
flour for bread making, it became evident that the flour 
was suitable for high-value baked products such as 
cakes, biscuits, and pastries. Consequently, a number of 
recipes using between 25-75% sweetpotato flour have 
been developed. 

Three modern bakeries have had the recipes intro-
duced to them. Staff of the bakery we are presently 
working with have been very impressed with the recipes 
for biscuits, doughnuts, and croissants containing be-
tween 25-50% sweetpotato flour. Although they ad-
viced us that high-value products such as those we have 
developed recipes for are not as popular in the Anglo-
phone North West province as in the Francophone re-
gions, they have been impressed at the quick rate at 

which all the products baked with sweetpotato flour 
have sold in their local retail outlet. 

Each bakery has received 50 kg of sweetpotato
flour. Data collection is well underway to enable us to 
calculate the economic benefits, if any, of using corn
posite sweetpotato/wheat flour recipes. 2 

Local Snacks 

In order to explore as wide a raage of products as 
possible, the feasability of incorporating sweetpotato 
flour into recipes for local snacks was also explored. As 
mentioned above, several women both in the rural and 
urban areas fry, bake, and sell a variety of local snacks. 
A recipe utilizing 25% sweetpoiato flour in making 
'puff-puff'-a local deep-fried doughnut-like snack, 
has been tested and well received, so too, one for 
fish/meat pie utilizing 40-50% sweetpotato flour. 

The 'puff-puff' recipe has been introduced by an 
extension worker to the group of women who are pro
cessing sweetpotato tubers into chips for milling into 
flour at Babungo and also to other women in Babungo 
who sell the snack locally. Eventually the recipe will be 
introduced to women in Bamenda and other parts of the 
province. Further experiments are being carried out to 
develop recipes for other local snacks. As news about 
sweetpotato flour have circulated, both projects are 
constantly receiving requests for the flour. 

Processing Sweetpotato Flour 

Any discussion about sweetpotato flour in Cameroon is 
incomplete without mention of the processing tech
niques used and production costs of the flour. Sweet
potatoes are amongst several other root and tuber crops 
produced ;n Cameroon. However, improved varieties 
are available for only two of these crops--cassava and 
sweetpotato. Inthe case of sweetpotato, the introduction 
and wide dissemenation of three IITA clones particularly 
T111 and 1112 has led to a tremendous increase in 
productivity. The improved varieties yield on average
20 t/ha versus 7-8 t/ha for the local varieties. Despite the 
success in promoting improved sweeetpotato varie
ties-the question of what to do with the increased yield 
is one that has been the focus of several discussions. 

2 Data collection has been slowed by a tense political situation in the last year which interrupted the normal running of all businLss 
enterprises. 
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In 1988 the Institute of Agronomic Research (IRA), 
Ngaoundere in the northern province of Adamawa, at-
tempted to produce dried sweetpotato strips to be used 
in the production of composite wheat/sweetpotato 
flour. Due to several factors-financial and technical, 
the project was discontinued. In 1989/90 the FAOJUNDP 
Pocthaw-;'est Food Losses (PFL) project installed a pilot 
plant for processing root and tuber crops at the Trials 
and Demonstration Center at Santa. Here they carried 
out trials involving practical processing techniques 
adapted to Cameroon conditions. They have been suc-
cessful in achieving their objective for the production 
of dehydrated sweetpotato chips (Mbakwa 1992). The 
process has been introduced to a dynamic cooperative, 
the Bassibissi Women's Group, based in Babungo in the 
Ndop Plain. After identifying this group, which is also 
involved in the production of sweetpotatoes, the PFL 
project built a processing plant on a cost-sharing basis 
with the women. Installation of the equipment took 
place as part of a training session. The training covered 
introduction to the equipment, installation of the equip-
ment, introduction to the processing technique, product 
hygiene, drying, packaging, and storage. All the flour 
used in the study has been produced by this group. 

The group follows a simple technique to process 
fresh roots into chips. It involves the following steps: 
WashingkPeelingSlicingBlanchingyCoolingf
Drying-Packing. Slicing is facilitated by the use of a 
pedal-driven slicer. Blanching prevents discoloration
pa-driseve slienaur. l fthe ent coatonlanching pv 
and preserves the natural flavour of the sweetpotatoes. 
The £liced sweetpotato chips are dipped in boiling
water (' )C) for 10 minutes. The water contains 0.5% 

sodium bisulphite and 0. 1%acetic acid. After blanching 

the potatoes are dipped into cold water for 5 minutes to 

cool down. The chips are solar dried on a raised plat-
form. Since the chips are air-dried, processing is limited 
to the dry season, between November and February. 
Today the group can competently produce dehydrated 
chips. 

We have been very concerned to collect data on the 
production costs of sweetpotato flour. Table I indicates 
production costs based on data from the pilot phase of 
product development. Drying was evidently a major 
constraint. Table 2 presents data based on dehydrated 
chip production at Babungo by the women's group. As 
the data clearly indicate, our major concern with regard 
to sweetpotato flour has been the viability of adoption 

given the relatively high-cost of the flour, 108-155 CFA 
per kilogram versus the low subsidized price of wheat 
flour (120-150 CFA/kg). 3 

This concern is mitigated by several factors. First, 
the recipes developed have been for high-value baked 
products which are the most expensive items in most 
bakeries. Second, there is a 40 to 70% reduction in sugar 
used in most of the recipes as a result of the high sugar 
content in sweetpotatoes. Third, the recent rise in the 
wholesale price of wheat flour and indications that they 
may be further increased very soon. And finally, the 
added nutritive value in using sweetpotato flour must 
not be overlooked. However, until enough data is col
lected for a cost-benefit analysis, we will be unable to 
fully assess the value of this product. Concerns about 
marketing and packaging must also be addressed. 

Sweetpotato Grated Roots 
At the time when the FAO/UNDP project was working 
on developing recipes for sweetpotato flour, they were 
given a video tape of an International Potato Center 
(CIP) recipe that utilizes grated sweetpotato roots in 

bread making. Awoman baker, who was renting a small,
local bakery, was approached to try out similar recipes. 
The results were quite encouraging. All the bread she 
baked was well appreciated by her customers and sold 
very well. After this informal ezercise this 'wet-mcthod' 
veywl.Atrhsifma :cietis't-tod 
was put on the back-burner until early in 1992 when the 
FAO/UNDP project and CIP decided to collaborate on a 
research initiative to examine the potential economic 
benefits of introducing composite sweetpotato 
flour/wheat flour bakery products locally. 

A decision was taken to introduce this method of 
bread making to a small "traditional" bakery in 
Bamenda. The bakery is located in Nkwen, one of the 
major quarters in the town. They bake only the square 
loaves, known locally as "English loaf" or "Kumba 
bread".4 They hand mix their dough and bake their bread 
in a brick wood-fueled oven. The dough is kneaded in 
a diesel powered machine. The bakery is rented by the 
chief baker who hires 3 laborers and another baker on a 
daily basis. Each month the bakery consumes an aver
age of sixty, 50 kg bags of wheat flour. 

The hired baker had worked with the woman baker 
who first used the "wet-method" to produce bread and 

3 Central African Franc, US$ I = 273 CVA; French Franc I =50CFA.
 
4 The french loaf or baguette is also a very popular type of bread but is not produced in this particular bakery.
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Table 1.Pilot phase production costs of sweetpotato flour. 
A" Bb 

Unit price Cost Unit price Cost 
Item Quantity (CFA) (CFA) Quantity (CFA) (CFA) 
Sweetpotato roots 450 kg 17 7,650 450 kg 17 7,650 
Labor 14 persons 300 4,200 9 persons 300 2,700 
Fuel 270 kg 10 2,700 270 kg 10 2,700 
Water 390 litres 0.216 84 390 litres 0.216 84 
Depreciation 760 304 
(bldg, slicer, etc.) 

Running costs 343 137 
Total costs 15,737 13,575 

Output: dried chips 125 kg 125 kg 
Cost/kg 126 
Milling cost 29 
Flour cost/kg 155 137 

Considering labor works five hours aday and there isa drying platform constraint. Labor consists of 4 persons for the 
first two days, I person for the third day, 4 persons for the fourth day, I person on the fifth day (drying).

Considering labor works for eight hours a day and there is no drying platform constraint. Labor consists of 4 persons for
 
the first two days and I person for the third day.
 

was thus familiar with the grated sweetpotato/wheat 
flour recipe. We were therefore able to use the bread 
from the first exercise with the bakery in April Iocarry 
out palatability tests to establish the percentage of sweet-
potato that would be acceptable to consumers. The 
data from the palatability tests has been analysed else-
where. Suffice it to say that there was no significant 
difference in consumer preferences for bread containing 
20% and 30% grated sweetpotato. Based on these re-
stilts we recommend a composite mixture that contains 
between 25-30% grated sweetpotato to local bakeries. 

The bakery has made and sold several batches of 
sweetpotato bread ranging from 25-35% of the dough. 
Most of the batches have been less than 50 kg in weight. 
Table I presents data comparing costs and revenues 
from a mixture of one bag wheat flour, the smallest 
amount the bakery mixes at any given time and one bag 
of wheat flour plus 17 kg of grated sweetpotato (i.e., 
25% grated sweetpotato on afresh weight basis). lia!ly 
we would have preferred to make acomparison between 

two similar weights, that is 50 kg wheat flour versus 35 
kg wheat flour and 15 kg grated sweetpotato (30% 
grated sweetpotato) for example. The baker howevei 
preferred to make his comparison in the manner pre
sented here (Table 3). The data clearly indicate that it 
was cheaper to produce sweetpotato bread than to pro
duce 100% wheat bread. This is due to the reduction in 
sugar, magarine, and water in the sweetpotato bread 
which is greater than the additional cost for sweetpotato 
roots, grating, and groundnut oil in this recipe. Since the 
sweetpotato bread dough was laiger it gave more units 
of bread and thus earned 3,000 CFA more than the wheatbread.5 The difference in revenue (4,461 CFA) that ac
crued from the 50 kg bag of wheat flour ph, Aed 
sweetpotato versus the 50 kg of wheat flour al svery., 
attractive. As we prepare to move the gratei n-2 bakery 
has been using to the next bakery, the manager is seri
ously considering investing in an electric grater and has 
approached us to arrange a meeting with a local manu
facturer.6 

5 It is important to note that the bakery does not have a scale to weigh the dough before baking as is normally done. Thus the weightfrom one unit to the next can vary by as much as 4 0g. This of course has implications for the overall returns from any batch of dough.
6 Tables 4 and 5 indicate the costs of locally manufactured graters and oven respectively. 
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Table 2. Producthon costs based on sweetpotato flour trials. 

A" Bb CC 

Unit price Unit price Unit price 
Item Quantity (CFA) Cost Quantity (CFA) Cost Quantity (CFA) Cost 
Sweetpotato roots 756 kg 14 10,811 2,436 kg 14 34,835 2,436 kg 14 34.835 
Labord 54 personse 300 8,500 173 persons f 300 7,000 173 personsf 300 57,000 
Fuel 302 kg 6 1,812 6,445 6,445 
Water 1,470 It 216 m3 318 52,651 It 216 m3 1,137 52,651 It 1,137 
DepreciationX 760 2,738 2,738 
Running costs 343 1,233 1,233 

Total costs 32,544 103,388 103,388 

Output: dried chips 327 kg 1,054 kg 879 kgh 

Cost/kg 99 98 118 
Milling cost I 1 II I I
 
Flour cost/kg 110 109 129
 

"This data represents actual data collected from the Bassibissi women's group in Babungo during five processing sessions 
between January 22, 1993 and February 15, 1993.

I This data represents 18 processing sessions by Bassibissi group between December 3, 1992 to March 9, 1993. The women 
stopped processing sweetpotato after this date because of the onset of the rainy season. Indeed the sweetpotatoes processed 
during the last three sessions (406 kg) were damaged and lost due to heavy rainfall (the following assumption has been 
made: the sweetpotito chips are equal to 43.28% of the fresh sweetpotato weight). 

"This data represents ihe 18 processing sessions as mtntioned in b,but estimating the production costs taking into account 
the 406 kg lost due to rain damage (the following assumption has been made: the sweetpotato chips are equal to 43.28% of 
the fresh sweetpotato weight). 

dAs mentioned in the text the Bassibissi women's group provide labor for processing of the sweetpotatoes as part of their 
group activities. If they were to ,elltheir labor in the rural market they would do so at a rae of 1,000 CFA each daily. The 
300 CFA rate is however used to calculate the opportunity cost of that labor. 

C An additional 23 days were required to dry the chips. Only one woman was involved. This task took less than a third of the 
time required for processing and the opportunity is calculated at 100 CFA per day. 

f 51 days were used to dry the chips at a cost of 100 CFA/day. 
' Building, slicer, etc. 
'The dry chips weight reflect the loss of 406 kg due to rain damage. 

Discussion 

In introducing this method of bread making to bakeries 
we had several concerns. Would the bakeries be discour-
aged by the large expense involved in investing in an 
electric grater? Would the extra tasks of washing the 
roots and then grating before mixing the dough pose a 
problem for bakeries? Finally, the question of availabil-
ity and supply of sweetpotato roots to bakeries also 
posed a potential problem. 

The bakers we worked wiih were very impressed 
with the method of bread making we introduced them 

to. The baker renting the property was keen to invest in 
agrater but was unable to do so because of financial 
constraints. The owner of the bakery has also indicated 
an interest in buying or having a grater marofactured 
for thebakery. The lack of liquidity on the part of bakers 
to have a grating machine manufactured for their enter
prise has hindered attempts to introduce this method to 
other bakeries as well. We reconmended a revolving 
fund to assist them and are presently examining the best 
way to proceed with such a credit scheme. 

The length of time required to wash (10 minutes) 
and to grate7 (5 minutes) was not viewed as a constraint. 

7 Inorder to facilitate the smooth running of the exercise we left the FAO/UNDP project's grater with PEC bakery. 
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Table 3. Costs and revenue for sweetpotato vs. wheat bread at the PEC bakery, Bamenda. 
Wheat flour Sweetpotato 

Price/unit Unit Total Price/unit Unit Total 
(CFA) (CFA) (CFA) (CFA) 

Costs 

Wheat flour (kg) 140 50.0 7,000 140 50.0 7,000 

Grated sweelpotato (kg) 20 - - 20 17.0 340 
Yea,t (kg) 1,890 0.3 567 1,890 0.15 283 

Dough improver (kg) 2,500 0.15 375 2,500 0.15 375 

Magarine (kg) 750 2.0 1,500 750 0.5 375 

Salt (kg) 150 0.3 45 150 0.25 38 

Sugar (kg) 150 5.0 1,500 150 2.0 600 

Groundnut oil (litre) 300 - - 300 1 500 
Water (litre) 500 30 300 500 16 160 

Fuel (litre)" 10 2,400 10 2,425 

Labor/' 1,250 1,250 

Other costsc 1,250 470 540 

Total costs 15,407 13,946 

Revenue 
Loaf A 200 30 6,000 200 30 6,000 

Loaf B 150 80 12,000 150 80 12,000 

Loaf C 20 200 4,000 35 200 7,000 

Total revenue 22,000 25,000 

Net Revenue 
Total revenue - Total costs 6,593 11,054 

a Firewood, engine oil, diesel and petrol for the grater inthe case of sweetpotato bread. 
bOne baker and three assistants. 
' Depreciation, management, marketing, etc. 

Instead, the long period of time required for the bread the "wet method". We huwever did not view this as a 
to rise posed some problems initially. After the baker major constraint and decided to gain bakeries views on 
became more comfortable with mixing the dough, how- the matter as soon as possible. Discussions with the 
ever, it became less of an issue to the extent that by the bakeries so far suggest that they do not view supply as 
time he was making his sixth batch he was no longer amajor problem at all and that they could easily arrange 
mentioning it. Mr. Atangana Benoit, the chef we are for a regular supply of sweetpotatoes at short notice 
working with, has suggested that this problem may be either from rural sites or locally from urban gardens. 
due to the fact that the dough ;s being hand-mixed. He The market data presented in Figure I indicate that 
suggests that if an electric mixer isused there will be no sweetpotatoes are available cheaply all year round. 
significant difference between the time needed for the 
100% wheat dough and composite sweetpotaio dough 
to rise. This proposition will be tested when we intro- Conclusion 
duce this method to modern bakeries who use electric 
dough mixers. This paper has presented results of a study on the 

potential for utilization of sweetpotato in bakery 
The extent to which bakeries will have access to products inCameroon. The study isbeing conducted by 

fresh sweetpotato to meet their demand all year round the Provincial Delegation of Agriculture in the North 
was identified as a possible disincentive to adoption of West Province and the Internaional Potato Center

• / 
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Figure 1.Sweetpotato prices in the Cameroon." 
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a II markets of the North West Province. 

Cameroon. Data collection has been slower than ini-
tially expected and isongoing. Nonetheless enough data 
has been accumulated from which some conclusions 
may be drawn. 

* 	 Sweetpotato flour is best used for high value bakery 
products rather than for bread making. 

* 	A women's group is engaged in processing of sweet-
potato into dried chips for flour during the dry season 
months November to February. Given the relatively 
high production cost of sweetpotato flour vis- -vis 
'.,,e low subsidized price of wheat flour, however, 
much work remains to be done to promote the use of 
sweetpotato flour for high value bakery products. 
Data collection to evaluate Zhe economic benefits 
of using sweetpotato flour has been hampered by 
the tense political situation in the past year and is 
ongoing. 

" 	The potential for the use of fresh iweetpotato roots 
in bread making is tremendous. Sweetpotatoes are 
available all year round at a very cheap price. The 
product developed and being introduced to bakers is 
very much appreciated by the consumers and the 
po'ential profit to the bakers isattractive. The use of 
this method of bread making does, however, require 

- Mean 
- Min 

A- Max 

I I I I I I I I I I I 
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investment in agrater. Given the present economic 
recession in the country and so long as arevolving 
fund scheme is n,t introduced, the bakers will only 
use the technique until the grater being loaned to 
them is removed by the project. The project has 
therefore allocated funds to be used on a revolving 
basis to provide graters to bakeries. 

Finally, it must be noted that the consumption of 
bread and other bakery products is much higher in 
Francophone areas of Cameroon. This study isbeing 
carried out in the North West Province of Cameroon, 
an Anglophone region. The data presented in this 
paper therefore are only suggestive of what may be 
obtained in other parts of the country and indeed 
in other parts of Africa where the consumption of 
bread and other wheat flour products is as high as in 
Cameroon 

Our research effort has been boosted by national TV 
coverage of sweetpotato processing into chips and flour 
to product development and extension to bakeries. We 
are confident that by the end of the year the full cost
benefit data for bakery products using sweetpotato will 
confirm what we believe to be the great commercial 
potential for utilization and adoption of sweetpotato in 
local bakery products. 
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V. Setting Up Pilot Plants
 

The pilot plant phase is a critical step in the product development process. At this stage, all the 
senarate components involved in product, equipment, process, and market research must be 
integrated, then optimized to constitute a functional, economically viable enterprise. This section 
reviews the various activities undertaken in the pilot plant phase and presents criteria to consider 
in their successful integration. It also includes a retrospective analysis of the pilot plant experience
with cassava in Nigeria and in the Congo. As potato and sweetpotato processing in Africa is 
rather limited-in part for lack of information about existing processes and products in other 
regions of the developing world, the section concludes with an account of product development
work involving production of mixes made from solar dried potatoes in Peru and transparent 
noodles from sweetpotato in Vietnam. 

Christopher Wheatley provides a set of guidelines for successful Pilot-scale Operations.
These refer to plant construction, experimental and semi-corrunercial operation, test marketing,
and feasibility stud . He notes that specific issues such as organizational structure of the pilot
plant operation, raw material supply, product quality, and promotion must be addressed as well. 
The guidelines include criteria for helping implement each of these activities. Wheatley stresses 
the need for continuous monitoring of product production and marketing such that in 12 months 
a commercially viable enterprise can be established. 

Cassava processing is a major activity in Africa where cassava constitutes approximately 60% 
of the diet. Transformation of the crop is essential because of its perishability and because its toxic 
substances must be reduced, if not eliminated, to make cassava fit for human consumption. Yet 
traditional processing is inefficient because of the significant losses during transformation and
high labor inputs. In Pilot Testing of Improved Cassava Processing Technologies in Nigeria: A 
Case Study, Y.W. Jeon and L.S. Halos briefly review the strategy employed at the International 
Institute for Tropical Agriculture (ITA) to develop, evaluate, and diffuse new processing tech
niques. As they explain, this approach embraces the food system as a whole rather than specific
practices (e.g., drying) or activities (e.g., processing versus utilization). 

S. Tr&che and J. Massamba's Report on the Study and Improvement of Cassava Utilization in 
the Congo describes the results of a research program whose main objective is to adapt cassava 
processing to consumers' demands in the context of increasing urbanization. The authors empha
size the results of their work on cassava consumption and processing as well as its use in weaning
foods. For example, they note that because of the properties of its starch, protein-enriched cassava 
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flour could constitute an important weaning food. Among the program's limitations are the time 
needed to foster effective technology transfer and the highly location-specific focus of these efforts. 

In Potatoes, Mixes and Soups: A Case Study of Potato Processing in Peru, Gregory J.Scott, 
David Wong, Maria Alvarez and Alberto Thpac Yupanqui analyze attempts of several institutions 
to improve simple potato processing over the last 15 years. Traditional potato products and 
processing techniques are briefly described. Efforts to improve the techniques are evaluated. The 
development of new products is also examined. The lessons learned from this experience cover 
three broad areas: technology, marketing, and finance. According to Scott et al., the most 
important of these, perhaps, is the need to identify clearly at the outset the relevant product 
characteristics and the target market segment. 

Sweetpotatoes have traditionally been transformed into a variety of processed products in 
Asia. Given the interest in low-cost processing procedures for sweetpotato in Africa and the lack 
of information about such practices in Asia, Dang Thi Lan and Sarath Ilangantileke describe the 
Utilization of Sweetpotato for Transparent Noodles in Vietnam. Their work involved an 
analysis of traditional practices for making transparent noodles and subsequent efforts to 
improve them. Their proposed improvements proved not only technically possible in Vietnam 
but also of acceptable quality based on a sensory evaluation. 
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Pilot-scale Operations 

Christopher WheatleyI 

Abstract 

A critical step in the product development process takes place at the pilot plant phase. This paper reviews 
the activities undertaken here including: plant construction, experimental and semi-commercial operation, 
test marketing, and afeasibility study. It addresses specific issues such as organizational structure of the 
pilot operation, raw material supply, product quality, shelf-life and packaging, preliminary marketing
studies, and product promotion. Continuous evaluation of plant (process and equipment) and product
(marketing) performance isstressed throughout. The experience acquired isseen as contributing to the 
establishment ofatechnically and financially viable enterprise inthe course of about 12 months. Examples 
are cited based on work with specific root and tuber products. 

Key words: processing, roots and tubers, markets, experiments, applied research. 

Introduction 

Overall Objective 

This paper looks at the development of a new or im-
proved prototype of a root/tuber-based product into 
commercially successful product; the benefits of which 
will accrue to small farmers in a given region. 

Specific Objectives 

Four key factors must be evaluated to develop and 
operate apilot plant. They include: 

* 	 determine the technical and financial feasibility of 
the new process being used by a farmers' coop or 
small-scale industry; 

" 	asses. the quality and availability of raw material 
(fresh roots/tubersi: 

r assess the quality and acceptability of the final pro-duct; and,Daag 

determine the demand fo" the product. 

Strategies 

Holistic Focus 

The key strategy within the context of an integrated 
project for product development is the simultaneous 
consideration of three components: production, pro
cessing, and marketing (Fig. I ). It is not possible, for 
example, to discuss marketing in isolation from pro
cessing because the activities undertaken in these areas 
are interdependent. The actual sequence of activity :m
plementation isshown in Figure 1. 
Human Resource Development 

Farmer groups need to learn much more than wie tech
nical aspects of processing the raw material. They must 
acquire skills in operating the plant, monitoring opera
tions and costs, negotiating, controlling quality, analyz
ing markets, etc. 

Monitoring and Evaluation 

Data gathered throughout the initial experimental opert 	 ee th o g o thei iile p rm na o e ation and the semi-commercial phase make it possible 
to determine the feasibility of operating on acommer-

Processing specialist for %wcetpotatoesfor Southeast Asia, International Potato Center (CIP), c/o CRIFC. JaI~n Merdeka 147. Bo2or 
16111. Indonesma. 
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Figure 1. Position and subdivision of the pilot project in the context of an 
integrated cassava project and product developmenL 

t Integrated Projects: Product developrnv: 

Macroplanning Ideas 
icroplanning Research 

Preparation of Pilotprjc 

Coeration of pilot plant 

Experimental
Pilot Semi-commercial 

Project 

Test market 

Feasiblity study 

phase-- lCommercial 

cial scale and whether the plant should be expanded or 
others built. 

Site Selection 

Prior to starting the pilot project, it is necessary to 
identify the site for locating the plant. Selection criteria 
are shown in Table I. The objective of reviewing these 
criteria is to select the best option for locating the pilot 
plant; in ether words, where there is a sufficient supply 

of quality raw materials not too distant from the plant 
(transportation of bulky fresh roots is costly). There 
should be good roads for transporting the raw material 
and for shipping the final product to its principal market 
(which ideally should not lv too far away). If the plant 
operates only scasoreily, i.e., during the dry season, 
then the condition of the roads during the rainy season 
is ntct important. 

If at all feasible, the pilot plant should be located 
where there is a group of farmcrs who have had some 
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Table 1. Site selection criteria. 

Raw material 
" Availability (harvest mo/yr) 
" Current and future surpluses 
" Existence of competitive markets (e.g., fresh cas-

sava) 
" Quality factors (e.g., dry matter content, hydro

cyanic acid levels) 
" Concentration and distance from plant (affects 

transportation costs) 

Processing 
" 	Infrastructure (e.g., water, electricity, access roads) 
" 	Local capacity for building the plant 
" Local capacity for building and maintaining 

equipment 

Farmer organization 

" Type of association (e.g., cooperative) 

" Members' level of education 

" Extent of interest in project 


experience in working together on a cooperative basis. 
The purpose is to test the new technology and if there 
are organizational problems, it will not be possible to 
make a valid test of its feasibility. At the same time, there 
must be strong institutional support for both technical 
and organizational aspects in order to ensure that the 
group functions well. Obviously, it will not be possible 
to find all these favorable conditions at one site. The 
criteria may not have equal weight or importance; for 
example, the provision of electricity at the site may be 
essential, but that of a paved road less so. The weightsassigned to each criterion will depend upon the product
and process employed, 

Design of Integrated Project 

The next step is to combine the prototype process and 
product to be introduced with the region and site selec-
ted into an integrated project. This is basizally a plan for 
adapting the plant design and other elements to the site 
where the plant is going to be built. The elements to be 
considered are shown in Table 2. 

Construction of Pilot Plant 

Inaddition to steps inherent in any type ofconstruction, 
which goes froin the preliminary land preparation to 
general cleaning following construction, it is necessary 
to consider other requirements such as installing water 

.	 Availability of support (e.g., labor, land) 

.	 Organizational capacity (e.g., leadership, level and 
quality of participation in decision-making, ma
nagement of conflict) 

Institutional support 
. Institutional presence and relative strength of each 
. Interest in project 
. Delineation of responsibilities 
. Assignation of funds for fulfilling responsibilities 
. Technicians and f. ld staff with adequate technical 

knowledge 
. Availability of adequate and opportune credit 

Market
 
. Ease of access from the plant
 
. Ease of commercial contact
 
. Stability (constant vs. seasonal)
 
. Size and future growth potential
 

and electricity, building access roads, and manufactur
ing and installing equipment. 

Once all the equipment has been installed, it is 
necessary to make trial runs in order to optimize their 
functionality, efficiency, etc. In order to optimize equip
ment functioning, some adjustments also need to be 
made because there are always minor details that need 
to be ironed out. 

At the same time, personnel who are going to workin the pilot plant should be carefully selected. If the plant 
is going to be run as a cooperative or association, thenit will be necessary for the members to reach an agree
ment as to who the operators will be in accordance with 
the complexity of the process (the minimum feasible 
number so as not to inflate operating costs). Above all,
it is important not to include expenses for an administra
tive head or secretary at the beginning when the volume 
of production does not justify it. Once the personnel 
have been selected, a training plan should be drawn up 
(Table 2). 

Experimental andSemi-commercial Operation of: Plant 

The most important activity of a pilot project is the 
experimental and semi-commercial operation of the 
plant. The former consists of testing the equipment, raw 
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Table 2. Elements to be considered in a pilot project. 

" 	Establishment of plant capacity in accordance with the market and production of roots/tubers in the plant's zone of 
influence and the funds available. 

" Preparation of the site for building, including study of topography and soils; need for levelling land; permits for 
installing electricity and/or water. 

" 	Design of the pilot plant, infrastructure, and equipment in accordance with the capacity and characteristics of the 
lot selected. Where the construction requires echnical assistance from professionals such as aichitects or 
interventors, a bidding process should be implemented. 

" 	Development of atraining plan for plant operators, including important concepts of quality control, hygiene
 
(especially for foodstuffs), and bookkeeping.
 

" 	Design of amarketing plan that takes into account the most attractive markets. 

material, and operators to the point where the process is 
efficient and the final product is of an acceptable qual
ity. This means that trial runs must be conducted, for 
example, to identify optimum variables for the process 
and determine acceptable characteristics of the raw 
material. Once the plant's operating parameters have 
been established and it ispossible to produce consistent 
quality, then it is feasible to proceed with operations on 
asemi-commercial scale. The product can be sold regu-
larly in order to obtain information regarding its accept-
ability. The most important aspects of these two 
processes are discussed for both stages. 

Organizational Aspects 

There are two critical organizational factors that can 

affect the success of the pilot plant effort: 

" 	existence ,f astrong farmer organization; and, 

" 	appropriate support for that organization in the form 
of technical and organizational backstopping, as well 
as financial support. 

If these two elements are not present throughout 
this critical phase of the project, everything can fail even 
if the technology is viable and profitable. Thus, it is 
preferable not to implement pilot projects with recently 
formed groups because the introduction of anew tech-
nology and the need to work together as ateam isrisky 
in agroup that has not yet been consolidated. It takes an 
experienced group who know how to work together to 
carry out the complex series of activities inherent in 
processing and commercialization. If this is present, 
then failure for reasons other than processing, product, 
or market is mtch less probable. 

Raw Material 

Supply. Supply of raw material should be organized so 
that the roots/tubers are not in the plant for longer than 
isabsolutely necessary before they are processed (e.g., 
for one or two days in the case of cassava). Rapid 
perishability of fresh cassava has a strong impact on 
final product quality. if the plant requires adaily supply 
of fresh roots, it should coordinate daily deliveries. This 
complicates the supply side of the operations, especially 
if the volumes of raw material are not great during the 
initial phase of plant operation, which could result in 
dead freight. Other root crops are less problematic in 
this respect. Nevertheless, root storage times prior to 
p,'ocessing should always be minimized in order to 
speed capital flows. 

The cost of transporting fresh roots isalways high 

because they are 65% or more water (although this is 
eliminated later in most processes). For that reason it is 
important to construct the plant in a zone where there is 
sufficient raw material within ashort radius of the plant. 
In the event there is little current production (i.e., the 
plant was built on the basis of future production poten

tial), then the cost of transporting raw material over 
greater distances will have to be financed during initial 
operations. 

Harvesting periods. Studies need to be made to deter
mine local harvesting times, which can vary grmatly 
from one micro-region to another, depending upon the 
months with adequate rainfall for planting and the initial 
development of the plant. Some areas have two harvest
ing times ayear; and, others with regular rainfall makes 
it possible to harvest and plant throughout the year. The 
same applies to irrigation districts where roots/tubers 
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are planted. Plant operating time of course will depend 
on harvesting periods and can be reduced even more if 
other conditions exist (for example, little rainfall mak-
ing it possible to dry products naturally using the sun). 
Price. Root and tuber crops have several actual and 

potential markets. The new product from the pilot plant 
will complement existing markets. In most of the Latin 
American countries, the largest market is for fresh human 
consumption; in Brazil, it is forfarinha, aroasted flour. 
Prices offered for fresh roots vary agreat deal during a 
normal year, being lowest during the most important 
harvesting season. Preliminary studies can estimate a 
tentative price that the plant can pay for its raw material. 
Procuring raw material for operating the plant will 
depend on whether this price iscompetitive with prices 
on thc fresh market. This could limit the supply of raw 
material to the peak harvesting period; or, inthe case of 
plants located in a subsistence agriculture zone, there 
will be no competitive market and the supply will con-
tinue with the harvests. In general, aprocessing plant
that depends on the supply of low-cost raw material will 
have more success when it islecated away from massiveccntrs herethefrehmaketservs a a 
consumption cailabl e f esh 
magnet for available food stuffs. 

Quality. Another factor related to the supply of raw 
material isproduct quality. In general, there are fewer 
critical quality factors for aprocessing plant than for the 
fresh market where preferences of intermediaries and 
consumers can be quite demanding. While it isfrequent-
ly proposed to supply apilot plant with roots/tubers that 
are 	 unacceptable for the fresh market, processes and 
products that require ahigh dry matter or starch content 
do not permit the indiscriminate use of non-commercial 
or poor quality raw material, 

Initial functioning of the pilot plant will determine 
whether prevailing factors such as quality, price, trans-
portation distance, harvesting periods favor acontinuous 
and opportune supply of raw material. 

Processing 

Experimental operation. During this phase the neces-
sary adjustments are made in the equipment so that the 
plant operates at maximum efficiency according to design.
Insome cases, this isamatter of days; inothers, defects 
in construction (most often in a prototype machine, 
which is the first of its kind) may require more time and 
money to modify. Several options for a process may 
also need to be tested to determine which is the most 
efficient and easy to manage: for example, artificial 
drying, with or without atempering period, 

Among the most important factors determining pro
fitability in many processes is the conversion factor 
(quantity of raw material required to produce a given 
amoun, of final product). A good, i.e., alow, conversion 
factor depends upon the quality of the raw material, drymatter content (high), and the efficiency of the process. 

The experimental stage ends when the process is 
functioning well and the operators are skilled in its 
management. 

Semi-commercial operation 

When the supply of raw material permits acontinuous 
operation without further modifications and/or adjust
ments in the process, semi-commercial operation begins. 
During this phase, the following aspects are evaluated: 

9 	operators' ease in managing the process; 
* 	 efficiency of labor; 

* 	 effectiveness of operators' training; 
performance of the equipment under continuous use 
including energy consumption, efficiency, and per
formance; 

o 	need for further research related to equipment or its 
handling; 

@possible bottleiiecks in the process; and, 
* 	actual operating costs. 

By the end of this phase, all necessary adjustments 
to 	 the essofanagemens , a l a r us e nts 
tte pces mngen and or uselwillfhavbeen completed. Often plant workers themselves find
 
practical solutions to problems and can contribute valu
able comments and ideas with respect to other aspects
 

of pilot plant operat.an. Mechanisms should be sought 
for incorporating their contributions into the evaluation 
process. 
The Product 

During the experimental phase of plant operation, it is 
not enough to optimize the process by taking into ac
count the efficiency of the machinery. The quality and 
quantity of the final product are also important. 

Product quality results from the interaction of raw 
material and the process. Inthe case of cassava the most 
important parameter., are dry matter and/or starch con
tent, hydrocyanic acid (HCN), the presence ofaflatoxins, 
and/or pathogenic microbes; and, in the case ofproducts 
for direct human consumption, product taste, texture, 
and appearance. For other root and tuber crops, relevant 
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anti-nutritional factors, e.g., alkaloids, trypsin inhibitors, 
or nutrients such as protein and vitamins must be in
cluded. In the case of products where norms have been 
established by law or national quality standards exist, 
analysis or quantitative determinatioi of those norms 
need to be part with these evaluations. (For example, if 
the HCN content isbelow 50 ppm or the microbial count 
for fecal bacteria is0.) Should the product not consis-
tently meet quality standards in the experimental phase 
or under lab conditions in the preliminary stages, the 
reasons for irregular performance should be sought-
whether they lie in the raw material being utilized or in 
different conditions of the process. With respect to the 
level of microbial contamination, the erivironmental 
conditions of apilot plant located in a root crop produc- 
tion zone are going to be very different from those in a 
lab. It isespecially important to insist on rigorous con-
trol of personal hygiene and of equipment to maintain 
the cleanliness required for many products of human 
consumption. Nevertheless, many traditional products 
made from root crops have high levels of contamination 
and completely lack any sanitary controls. It may also 
be necessary to obtain asanitary license when the pro-
duct is for human consumption. 

In tne case of products destined for human con-
surnption, organoleptic characteristics are important. 
Organoleptic and acceptance tests should be conducted 
in order to confirm whether the new prc,duct isaccept
able to both buyers and consumers. There are two ways 
of conducting this type of test: under controlled condi-
tions, or normal use. The advantage of the former, 
conducted in the lab with some sensorial analysis, isthat 
the results are clear, and reliable data can be obtained 
with respect to the taste or acceptability as compared to 
another product (the traditional one or the competitor). 
On the other hand, giving samples to homemakers for 
tasting under normal meal conditions gives abetter idea 
of its acceptability. However, recipes and preparation 
can easily vary; hence, the ease of making comparisons 
between products is lost. As an intermediate option, a 
consumer panel can be formed to evaluate one or more 
samples so as to compare results. Panels of this type can 
be costly to set up. The same type of tests (i.e., lab, at 
home, or panels) are also pertinent for studying other 
product characteristics such as shelf life or forms of use. 
It is important that the new product: 

* bc acceptable to the consumer; 

" be acceptable vis-a-vis competitive products: and, 


" 	fulfill the desired characteristics (e.g., nutritional, 
organoleptic). 

Shelf Life and Packaging 

The commercialization chain-short as it may be-al
ways requires some sort of product durability, to which 
must be added the storage time ,ntil the final user 
consumes/uses it. It is important that the product char
acteristics do not undergo any significant change during 
this period of time. Factors that can affect the product's 
useful life are as follows: 

* 	 product moisture content, 

a relative humidity during storage; 

e level of contamination by fungi, bacteria, and iisects 
during processing; 

e type of packaging used; and,
 
0 Size of packaging (product weight/unit).
 

Packaging is a barrier between the product and its 
environment. As it may be porous, it can permit the 
interchange ofgases (C02, 02, H20) and can be penetrated 
by insects and rodents, which in turn facilitate con
tamination by microorganisms. Hence, it is important 
that the packaging not only be of areasonable price and 
easy to obtain, but also serve to protect the product 
sufficiently for the desired storage time under the en
vironmental conditions found at the storage sites. 

In the case of aroot crop processing plant, it is not 
enough to conserve the product until its sale. Training 
may be required to consider product quality beyond the 
moment of purchase so that intermediaries and the final 
users encounter no problems. Consequently, packaging 
that isnot the least expensive, but rather one that permits 
the greatest storage time, may be necessary. 

In the case of products that are transformed by 
drying to moisture levels under 14%, there are no stor
age problems because of fungal growth, particularly of 
aflatoxins. In the case of the feed rations market, corn
mercial firms mill the chips immediately after purchase 
so packaging is not critical. Where purchases are made 
by state enterprises in order to regulate prices and mar
kets, storage time can be long so that the packaging used 
becomes important. It may be best to use new packaging 
in this case. 

Processed products for human consumption such as 
flours, noodles, and cookies require packaging that resists 
insect (weevil) attack, above all if product turnaround 
time is slow. Conserved fresh cassava, for example, 
requires a polyethylene bag as an integral part of the 
conservation technology. 
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During semi-commercial operation, product quality 
will have become stable and operation costs more control
led. At this point, the market can be developed in accordaice with the results obtained in the demand study. 

Several options for presenting the product need to be 
explored: 

" 	size/weight per purchase unit-, 

" 	 type of packagiiig; 

" 	design of packaging (logo, brand name, etc.); and, 

" 	 price per unit. 

The reaction of the market to these alternatives can 
be very useful in defining some of the alternatives. Once 
the brand name has been chosen, it is important to 
register itlegally. (It is also important to check whether 
it has already been registered by another firm before 
going to the expense of getting the dies made.) With the 
investment in promotion, the brand name increases in 
value; and it is important that the owners of the plant 
(e.g., cooperative members) benefit from that investment. 

Termination of the Semi-commercial Phase 


When there is sufficient information available for con-
ducting a feasibility study with respect to mounting a 
full-scale rural industry based on the pilot experience,
then the semi-commercial phase ends. The plant gene
rally has to function for an entire year during all the 
months foreseen as feasible for processing. In the event 
that the year is abnormal (little production or high prices 
and low supply of raw material for the plant), it may be 
necessary to ex end operating time to another harvesting 
season. This re;uires financial information on produc-
tion costs, prics, and volumes of sale. It is also neces-
sary to include financial costs in the study even if they
are not required for the pilot plant stage. 

When the semi-commercial operation ends, it is ex-

pected that: 


" 	 the supply of raw materials isconstant; 

" 	 the process is functioning efficiently; 

" the operators are trained and working efficiently; 

* product quality is good and uniform; and, 

" 	 the market is in accordance with the forecasts and in 
the process of expanding. 

Test Marketing 

A 	product that is destined for the consumer marketrequires activities which organize its distribution and 
promotion above and beyond what is required for a 
product to be utilized in industry. These activities are 
quite complicated and costly; therefore, before launch
ing a full-scale commercial project, it is advisable tobegin with atest market. This consists of manufacturing 
a product for distribution and promotion on a limited 
scale, albeit in a location typical of the total potential
market. The distribution system and the commercial
scale promotional activity therefore can be tested at 
moderate cost, but within a reduced radius of action; so as to determine the feasibility of launching production 
on a larger scale. Table 3 shows the requirements for a 
test market. 

Possible options for product distribution within an 
urban market include: shops, institutions (schools, army
stations, etc.), supermarkets, shopkeepers, coops, res
taurants, and stalls in wholesale or retail markets. 

It is easier to deal with a market that is made up of 
only a few high-volume clients, than with one consisting of numerous clients, each purchasing only a small 
amount. Nevertheless, the largest market may be amultitude of low-volume buyers. Options for distribut
ing the product in this case are as follows: 

a set up an enterprise specialized in distributing pro
ducts in urban centers; 

o contract a private distributorship on anon-exclusive 
basis; 

o 	 distribute the product to a central warehouse oper
ated by a shopkeepers' association (they may have
 
to be organized around that concept); and,
 

a obtain warehouse space at a wholesale market where 
shopkeepers go to purchase other food. 

Each of these distribution systems has its advant
ages and disadvantages. It is important to identify the 
one that keeps distribution costs at a minimum so thatthe price of the product is low enough to compete with 
other products on the market. 

When promoting the product, it may be necessary 

to 	advertise. The design and execution of a publicitycampaign--even with simple, low-cos media-requires 
experience to make the most efficient investment of 
money. 
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Marketing 

Two markets exist for pilot pla' 'products: industry and 
individual consumers. Their characteristics are funda-
mentally different. Moreover, the marketing process is 
distinct for each. 

The industrial market consists of selling the ?roduct 

to enterprises for a second transformation or in :orpora-
tion into another product. The consumer mark:;t consists
tio seino athe product. theno further changes through of selling the product with nonuerchangestonros 

a wholesale distribution channel. The industrial market
isincte thresmplst re gnerllyfewentrpnsesis the simplest since there are generally few enterprises 

and itispossible to have direct contact with the purchasing 

heads of each one. Moreover, their purchasing decisions 

are based on logic, price comparisons, availability, and 
performance of all the suppliers. Inaddition, the month-
ly unit of purchase can be very large, equal to, or greater 
than the plant's production capacity. 

The consumer market, on the other hand, is quite 

complex because it is necessary to sell the product to 
thouand, pssily onsuerswhoaremllinsof 

ta bens bossiblydemio ofblicityconues ho re 
dailY being bombarded with publicity abut competing 
products. Consumers may make their purchasing deci-
sions on the basis of illogical factors such as product 
image and status. In order to reach the consumer on a 
large scale, an efficient distribution system isnecessary 
at terminal markets, as well as the resources and capacity 
for carrying out mass product promotion. These two 
activities are not commonly understood by groups of 
small farmers; thus, other organizations have to be 
created for product distribution and promotion. 

To date, the only improved fresh cassava product 
developed for the consumer market in Colombia has 
been that of conserved fresh cassava. It may also be 
possible to commercialize cassava flour and starch in 
this market. 

Marketing studies. After selecting a site for the pilot 
plant, it is necessary to carry out a marketing study 
focusing on markets nearest the plant. The scope of the 
study depends on the product. In the case of fresh 
cassava on the Atlantic Coast of Colombia, the urban 
market of Barranquilla was studied; foi cassava flour, 
national, regional (Atlantic Coast), and local markets 
were analyzed (Janssen 1986). For aconsumer market, 
the study should include intermediaries, final outlets, 
and consumers; for the industrial market, only potential 
clients. 

Cassava flour provides an interesting example be-
cause it is a potential substitute for a very well-known 
raw material-wheat flour. Potential clients are manu-

facturers of foods such as crackers and cookies, pasta, 
processed meats. and breads. These manufacturers are 
not familiar with the characteristics of cassava flour 
because they are somewhat different from those of 
wheat. The study was therefore designed in two stages. 
First, apreliminary survey was made on the useof flours 

in general; and, second, samples were distributed. These 
followed i asubstitution trials in various products, 

sbttto rasi aiu rdcs olwdb 
survey on thegeneratedtrial results,in purchasingand a reviewthe ofnewthe amountof interest product. 
T u ver concrete inor a in the p ential u cto 
Thus, very concrete information on the potential use of 
cassava flour in a wide gamut of products was obtained 
without having to conduct laboratory trials. 

Product marketing. The marketing study is the basis 
for a plan for selling the product produced by the pilot 
plant. During the initial takeoff and experimental opera
tion of the plant, product quality is not uniform. Op
timizing the process leads to an improvement in qualityand operational efficiency. It is important that the first 

t in ient be fioptamperiasedy
samples purchased by the initial clients be of optimal 
quality. Production that does not meet quality require
ments should not be sold to this market. Thus, dried 
cassava was sold to the animal feed market until it was 
of a quality acceptable for the cassava flour plants. A 
project should not expect an experimental plant to be 
profitable. There should be sufficient funds to cover 
occasional losses. 

These first sales to an industrial market require a 
detailed follow-up. It isimportant to know, for example, 
the client's: 

9 level of satisfaction with the product; 

. use of the product; 
e evaluation of its quality; 

e comparison with other raw materials; 

* opinion of its price: 
e estimate of demand and potential for increased pur

chases; 

view of the consumer's reaction to the final product: 
and, 
desired unit of purchase and frequency of delivery. 

In the case of a consumer market, it is preferable to 
begin with a limited geographic area, distributing to 
several shops nearby or to achain of supermarkets. This 
facilitates gathering some information without having 
to use many resources. 
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Table 3. Rcquirements for a test market. 

" A continuous supply of the product or sufficient inventory to meet the the expected market demand 

" A product of the quality specified 

" An attractive promotional price 

" Promotional materials ready for distribution and airing, toether with an advertising campaign based on them 

" A distribution system in place for the product, not only for the initial volume, but also for its expansion within a 
short time period 

" A distribution system capable of feeding back the information required by the project to judge its success or not, 
including weekly data on volumes delivered and sold by shop. This information should be complemented with 
data on purchases by a sample of consumers, which would provide the rate of repeated purchases compared with 
initial purchases. 

The most important elements for promoting a pro-
duct on the consumer market are: 

an attractive, duly registered brand name that reflects 
the product's advantages; 

* 	 a logo; and, 

" 	 aslogan, 

Advertising media include: 

" 	 the package (with the logo, slogan, and recipes, in- 
structions for use, packing or expiration dates, name, 
and sanitary license); 

" 	 material for the point of sale: promotional materials 
such as shelf talkers at the supermarket, posters for 
shops, leaflets, etc.: 

" 	 supermarket promotors/sales representatives; 

" 	 newspaper advertisements; 

" 	advertising billboards; 

• 	 radio commercials; and, 

" 	 TV commercials. 

Although an advertising campaign that uses all the 
foregoing media is very costly and unfeasible for most 
integrated projects, costs can be reduced and an impor-
tant impact made if the following are done: 

clear identification of the initial target market (for 
example, low-income housewives from the poorest 
residential districts), so that only those media that 
reach them (e.g., a radio commercial on the station 

that most of them listen to) are used, thereby not 
having to spread limited resources too thinly; 

• 	 promotion of the product on the news and other 
programs of public interest to consumers; and, 

e 	 special campaigns for shopkeeers (leaflets explain
ing the benefits of the product, not only for the 

consumers but also for them) so that they themselves 
promote the product directly with their clients. 

According to Kotler (Fig. 2), if initial purchases are 
good and a large percentage of the buyers repeat pur
chases, the product is a success. If initial purchases are 
high but only a few are made a second time, then the 
concept of the product is good, but it does not meet its 
promises-in other words, the consumer is disillusioned. 
In the case of initially low purchases br, most of the 
consumers buy it again, then the product is good but 
there are problems in distributing or promoting it. In the 
last case where both initial sales and repeat purchases 
are low, the product should be abandoned. 

Conducting a test market trial is difficult, but it is 
equivalent to a commercial-scale launching withouthaving to risk much investment. For that reason, it 

should be carried out as part of pilot project when the 
final products are ready for the consumer market. 

Feasibility Study 

At the end of the piiot-level experience, an assessment 
is made of the results to date, including a financial 
analysis based on the assumption that the financing of 
the project would involve interest payments equal to 
those that would have to be paid in the commercial 

395 



Figure 2. Illustration of Kotler's hypotheses regarding product success. 

Repeat purchases 
High Low 

Good product 

High 	 Product concept but 
success poor product 

quality 

Initial
 
purchases
 

Distribution Product
Low or promotion failure 

problem 

Source: Kotler 1986. 

phase of the project. Table 4 shows the elements that This model includes financial costs even though 
should be included in the feasibility study. they are not incurred during the pilot stage. Calculations 

are based on the same interest rate as the one that would 
On the basis of the information gathered on the raw be charged for the later expansion phase of the project, 

material, processing, and on the end product and its as well as the same loan conditions including the initial 
commercialization, it is possible to construct a model to grace period. The return on the capital invested should 
determine the plant's profitability. 

Table 4. Elements for the feasibility study. 

The process itself: Quantification of the markets based on the pilot process, 

" Analysis of ways to reduce costs, adjusting the scale taking into account the following: 

of the infrastructure or equipment on the basis of . Price behaviors of the product and its competitors.
 
their utilization and function during the pilot plant
 
phase. . Transportation and warehouse costs.
 

" 	Redesign of the plant with commercial-scale . Experiences, both positive and negative, of the 
capacity and calculation of budgetary requirements businesses or distributors who buy the product in 
based on the pilot plant experience, order to define parameters such as levels of 

Raw material specifications for defining parameters of substitution in industrial markets.
 

acceptable quality. . Months of production during the year.
 

Specifications for operating the equipment. 	 . Conversion factor for fresh to processed product.
 

Specifications for the final product based on those for
 
the raw material, the process, and in accordance with o Price for raw material and availability during
 
market requirements detected in the semi-commercial the year.
 

phase.
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be greater than that obtained if the funds were invested 
on the financial market (financia' rate of return). 

This model also makes it possible to conduct a 
sensitivity analysis by varying the prices of the raw 
material, operating costs, the conversion factor, etc., in 
order to determine how the financial rate of return 
would iespond to these changes. It isalso important that 
the project be in a position to absorb arise in the cost of 
the raw material and still make aprofit. If the feasibility 
study ispositive, then the decision is made to proceed 
to the commercial phase, which isdealt with in a sub
sequent section of this volume. 

Conclusion 

Pilot-scale operations constitute a critical step in pro-
duct development. They serve as a testing ground for 
products, procedures, and personnel prior to initiating
commercial processing. This paper has reviewed the 
various dimensions involved in operating apilot plant 
from design of the overall project to construction of the 

facilities, to experimental operation, to semi-commer
cial plant activities. Particular attention is paid to the 
experimental operation of the plant. Issues here include:
organizational structure (i.e., farmers' organizations), 
the supply of raw material, processing and promotion, and 
sale of the test product. Successiul completion of the 
pilot-scale phase culminates with research for expand
ing pilot scale operations to full commercial level in 
which the knowledge and experience acquired inthe piiot 
phase are utilized to evaluate the commercial potential 
for specific products and processes. 
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Pilot Testing of Improved Cassava Processing
 
Technologies in Nigeria: A Case Study
 

Y. W. Jeon andL. S. Halos1 

Abstract 

This paper reviews the technology development strategy for cassava processing at the International 
Institute for Tropical Agriculture (IITA) in Nigeria. The strategy focuses on minimizing losses, increasing 
labor productivity, improving product quality, and providing favorable working conditions for the 
processor. Special emphasis is placed on alleviation of the drudgery of the task for women. Improved 
processing technologies were installed in five villages in Nigeria. After one year of operation, losses were 
gradually reduced by 54% and processing time dropped by 70%. 

Key words: equipment, women, cassava. 

Inhoduction 	 Technology
Development Strategy 

Processing has been an integral part of cassava utiliza
tion because of the crop's poor storability and the need The current state-of-the-art of cassava food processing 
to reduce, if not eliminate, the toxic substances that dictates that the strategy for technological development 
make it unfit for consumption. to improve system efficiency should focus on minimiz

ing losses, increasing labor productivity, improving 

Cassava processing is a major activity for the peo- product quality, and providing favorable working con

ple in Nigeria-and in most parts of Africa-because ditions for the processor thereby making the industry 

cassava constitutes approximately 60% of their diets. more beneficial in the broadest sense. 

Yet, food processing carried out at family or village 
levels has been mostly traditional. These methods are Recognizing that cassava contains very high mois
inefficient because of tremendous losses during pro- lure in addition to its bulkiness, the difficulty in trans
cessing and high labor inputs. These problems persist porting and the excessive amount of loss due to 
primarily due to the lack of appropriate postharvest deterioration and handling must he eliminated. This can 
facilities, be done efficiently and profitably by processing the 

tubers soon after harvest at, or near, production sites. 

To address this situation, scientists at the International 
Institute of Tropical Agriculture (IITA) have designed The strategy also examines the food system as a 
simple, low-cost, labor-saving devices using locally whole rather than specific or isolated commodities, 
available materials affordable to even small-scale pro- techniques, or processes. The aim is to provide a sus
cessors. These technolog:es have been tested at various tainable and "balanced" operation. Researchers at IITA, 
operating levels in different parts of Nigeria and are therefore, embarked on developing a postharvest equip
attaining popularity. ment package for farm- and village-level operations. 

Head, Research Specialist, respectively, Postharvest Technology Unit, International Institute of Tropical Agriculture (IITA), P.M.B.
 
9320. lhadan. Nigeria.
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The design of the technological package has been 
based on the required capacity and the nature of end-
users. While the present organizational setup and social 
norms constrain a village-level operation, development 
of technology for a group operation is also being pur-
sued. In an economy under stress, individual invest-
inents can be difficult and organized groups have more 
access to government support programs. 

In Africa, where processing is done mainly by 
women, a special emphasis is placed on alleviating thedrudgery of the task for women. 

Testing and Evaluation 

The package of cassava processing technologies in-
cludes the peeler, grater, fermenting stand, dewatering 
device, chipping machine, grinder, stoves, and gari 
fryer. 

Capacity ratings of the equipment are based on an 
average yield of 10 t/ha harvested on a staggered basis 
to supply the requirements of processing centers, rang-
ing from 0.5 tlday, for a manual operation, to 5.0 tday 
for a semi-mechanized operation. 

The technical features of the different equipment 
are being evaluated in the research center, after which 
they are packaged and tested under field conditions. 
Field testing and evaluation provides information on the 
technical and economic feasibility of the project. Dur
ing field testing, modifications are being made to adapt 
the technology to the environment. Development work 
is continuing with the direct involvement of end-users 
to ensure a better understanding of' the impact of the 
technology and its environment. 

Site Selection 

The selection of the pilot sites is a critical process. Once 
needs in a locality are perceived or a problem message 
is communicated to the research center, a comprehen
sive survey of the area is undertaken to analyze and 
prioritize the needs accordingly. 

Village and Family Study 

At the beginning of development activities, background 
information in the form of family and village profiles 
are collected to establi:h design criteria and a database 
which is used in the analysis of the technology's impact. 
Information such as family income and their sources, 
expenditures and their nature, agricultural production 

data and potentials, and technical information such as 
available equipment, capacities, and operational re
quirements are collected. A local staff is hired and 
trained to do the survey and observations at the site. 
Data are recorded in adiary-typenotebook and analyzed 
in the research center. 

Performance Analysis 
The developed cassava processing technologies werepackaged, installed, and tested in five villages in Nigeria 
at different levels of operation (Table I). 

The objective is twofold: (1) to generate informa
tion and feedback on machine performance for further 
development, and (2) to assess the impact on system 
efficiency in terms of product recovery and labor pro
ductivity. Some socioeconomic implications are also 
considered because the technology is being introduced
into a unique social structure. 

Processing centers equipped with the improved 
technologies were established for women's groups and 
groups of commercial processors. These centers focus 

on process improvement, providing better quality food, 
eliminating the constraints of individual food process
ing, and increasing the income of small-scale proces
sors. 

Effect on Loss and Labor Input 

The introduction of the package of technology in the 
village processing center improved system efficiency in 
terms of reduction in losses and labor input. After one 
yearof operation inthe centers, the losses were gradual
ly reduced by 54.7% and the processing time dropped 
by 70%. 

Table 1.Operating levels and production capacity 
of cassava processing operations. 

lDesign capacity 
Operating level (tubers, t/day) 

Family operation less than 0.5 
Women's group operation 1.0 to 3.0 
Commercial operation 3.0 to 5.0 

Village operation up to 5.0 

1/,) 
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The improvement in system performance is at-
tributed not only to the individual technological com-
ponents but also to system arrangement, attitude 
change, and training. Their effect is equally important 
in terms of labor input. The reduction in losses is con-
tributed mainly by the technology. 

System arrangement improved material and ac-
tivity flow in the centers. The centers also provide a 
venue for the processors to understand the process as 
related to their traditional practices. This creates aware-
ness and apparently has contributed to a change in 
attitude. Training and familiarization on the func-tioainalienay ad iff t chn logce f he ren es 
tionality and maintenance of the different technologies
contributed to efficiency. 

Seventy five percent (75%) of homemakers' time 
once spent for traditional processing is now available 
for other productive tasks. This can partly account for 
the increase in hired labor contributions. 

Socioeconomic Impact 

The impact of the technology package on the well-being 
of users is now evident. Interestingobservations are: (I) 
the widespread adoption of a Food Exchange Scheme 
which has evolved because the village processors are 
better equipped to process more and better food; and (2) 
a notable change in the quality of life of the villagers. 

The Food Exchange Scheme 

The scheme is designed to provide better quality food 
for the family and eliminate the drudgery of traditional 
processing. Itwas first introduced to the women's group 
processing center in Moniya, Akinyele Local Govern
ment Area, Nigeria. The Food Exchange Scheme, il-
lustrated in Figure 1,eliminates individual or family-based 
processing. Processing activities are now concentrated 
in the processing center equipped with the improved 
technologies. The women process cassava foods in the 
center regularly and maintain a store of processed food 
products such as gari, lafun, andfoufou. 

The arrangement minnizes losses, eliminates un-
necessary labor input, improves product quality, and 
allows womcn to devote morm time to their families and 
participate in other income g".lerating activities. Wom-
cn and children come to the center to work and get paid, 
or simply to exchange food for the family. The center 
gives out an additional one kilo of any desired products 
to the consumer over that normally produced through 
individual processing in exchange for an equivalent 

weight of fresh cassava tubers. The remaining quantity
 
is sold to defray operating costs.
 

The center has been a model in revolutionizing the
 
small-scale processing industry. It has been expanding
 
operations and increasing capacity up to 3-5 t of fresh
 
tubers daily which are processed into food, as well as
 
non-food products.
 

The intrductio ne mod processtc
 
nologies has created awareness among the processors
 
of production potentials and facilitated the adoption of
 
the Food Exchange Scheme. The Food Exchange
Scheme has been found to be viable in most rural
 
settings in Nigeria and is being adopted in the villages.
 

Improvement in the Quality of Life
 
The effect of the technology on the socioecononiic
 
status of the processors has been favorable. Areduction
 
inpostharvest losses, labor input, and fuel consumption
 

resulted in incnrases in the volume of production of
 
better quality products sold at competitive prices.
 

An increase in activities in the center brought a
favorable change in the quality of life of villagers. The 
improvement is manifested by better and healthier en
vironments, more itncome-generating activities, more 
active participation in civic and social functions, and 
better opportunities for children's education. 

The "holistic" or system approach coupled with 
applied research are effective strategies for the design 
cf any development program. This approach made pos
sible the development of the appropriate cassava post
harvest technologies which are now finding their way 
to end-users. 

The Chairman of the Women's Group Cassava 
Processing Center commented: 

"All these equipment save time, money and reduce 
the health hazards to our women processors. These 
improvements have resulted in the production of more 
and betterquality of processed foods with less laborand 
inshorter time. Women are now happy, have more food, 
and can earn money from the once burdensome food 
procn eanonu f9 o1). 
processing." (Laniyonu 1991 

Conclusion 

Cassava processing is a major activity in Africa where 
cassava constitutes approximately 60% of the diet. 
Transformation is an integral part of cassava utilization 
because of the crop's perishability and because its toxic 
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Figure 1. Cassava food exchange by women's group in Oyo State, Nigeria. 

. Ex~cessirigose 

LHigh . labor input 
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To farmer 
rLabor saving•More & better food 

eHigher income s 

To center 
tMinimum losses.Better & uniform product 

Reduce production cost•Employment opportunity 

Equal Di.,tribution of Benefits 

substances must be reduced, if not eliminated, to make 
it fit for human consumption. This paper has briefly 
reviewed the strategy employed at IITA in developing, 
evaluating, and diffusing improved cassava processing 

technology. In addition to minimizing losses, increasing 
labor productivity, and providing favorable workiiig 
conditions, the itrategy also embraces the food system 

as a whole rather than specific or isolated commodities. 
Testing in five villages in Nigeria showed a 54% reduc
tion in processing losses and 70% drop in processing 
time after one year. The effect of the technology on the 

socioeconomic status and quality of life of the proces
sors has also been favorable. 
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Report on the Study and Improvement of
 
Cassava Utilization in the Congo
 

S.Trche and J.MassambaI 

Abstract 

A research program whose main objective is to adapt cassava processing to consumers' demands in the 
context of increasing urbanization was begun in Congo inJanuary 1989. The program uses amultidisci
plinary approach, associating Congolese and French research institutions with an institute ofdevelopment,
to undertake both descriptive studies and experiments in order to propose innovations. The descriptive
studies are both on traditional cassava processing and consumption and on the biological and physico
chemical mechanisms of cassava. Anticipated innovations were to reduce the difficulty of processing
roots1 i,ofoufou and chikwangue, the main cassava foods in the Congo, and also to propose new products. 

Research methodology consisted of conducting surveys inrural and urban areas, laboratory and pilot-plant 
assays, quahty control testing in laboratories, sensory evaluations, and feasibility studies. The results 
obtained to date and presented ia this report are mainly relateu to descriptive aspects, the knowledge of 
which is necessary for formulating and beginning innovations. However, technological processes have 
already been proposed for a chikwangue semi-mechanized production unit and for a cassava-based 
weaning food pilot-plant. 

Key words: cassava, chikwangue, consumption,foufou, gruel, processing. 

Introduction 

The Congo imports considerable quantities of corn by- * Project staff have made an accurate inventory and 
products frnm which ensues a serious ('epend,':.ce upon description of traditional ways of cassava process
toreign foodstuffs. Moreover, faced wiuh the country's in- ing and consumption in the Congo in order to iden
creasing urbanization, extreme foodstuff mutations are tak- tify those endogenous variants and innovations likely
ing place. Insuch acontext, wethink itnecessary tocarnyout to spread once possible improvements have been 
research on traditional utilization of cassa, a,tne main food made. 
staple of the country, and to propose improvements which Researchers increased their kiowledge of microor
are likely ocoincide with those foodstuff mutations. ganisms, particularly of the role of the lactic flora 

during the process of retting and of their influenceThe Research Project upon the nutritional and organoleptic qualities of 
Final products.Research Objectives 
Project staff studied the optimization of process

The project is based on four fundamental activities which parameters at different steps of foufou flour and 
correspond to the main objectives: chikwangue production. 

Rcswon.qhle, lb. (dltu.lessur la Nutrition etIAlientation (UR4F), Institut Francais de Recherche Scientifique pour le
DMvelopprinent en Cooperation (ORSTOM), BP 191, BrazzaviIc, Congo; Nutritionist, DpartenentBPA,FacultS des Sciences
 
(UNMGI,fil' 69,BrazzavIle. Congo.
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e 	 Feasibility, acceptability, and nutritional studies 

were made of new cassava-based products: weaning 

food, forti fiedfoufou flour, and chikwangue.
 

Project Organization 

General Information 

The project is part of a wider program carried out with 

partners in Africa, South America, and Europe. That 
program is entitled: "Improvement of the quality of 

cassava-based fermented foodstuffs." It has been fi-
nanced by the Economic Community (EC) (programme 
CEE-TS2A-0226) since January 1989 and is expected to 
conti .e until May 1992. The project also enjoys finan-
cial help from the French Ministry of Research and 
Technology and from the Transformationdes Products 
Agricolasel Alirnentaires(TPA) network, 

The work has been done in various locations. Fa-
cilities at the following institutes were used: 

" 	Institutfrancais de Recherche Scientfique pour le 
Dilveloppenenten Cooperation(ORSTOM), Brazza-
ville, Congo: ( I ) Laboratoire d'Etudessur la Nutri-
tion el 'Alimentation (LENA) and (2) Laboratoire de 
Microbiclogie(LM); 

" 	Faculti des Sciences (Bra.zaville, Congo): (I) 
Laboratoire des Etudes et des Recherches sur la 
Physiologie, l'AlimentationietlaNutrition(LERPAN) 
and (2)LaboratoiredeBiotechnologie(l.13T); 

S(Inlstitut de Recherche pour i'Appuicau 
Dveiloppeen Agricoie en Zones Tropicales, 
drazzaville, Congo) AGRICONGO: (I) D;partenent 
des Tronsfrrtations Agro-aiimentaires and (2) 
D)partemnent des Etudes Econoniqucs:and, 
ORSTOM (,France): (I) Laoratoiretie 
Nutr n Monpclr, aresults 
Nutriion oile N) and (2) Laboraoire de. 
Phyvsiologic et Mdtahotismne Ceilulaire (LPMC). 

External Collaboration 

l.ahoratories at different research institutions have 
hosted researchers from the Congolese General Direc-
tion for Scicntific Research (DGRST), as well as students 
from the Institute for Development Research (IDR) as 
part of the project. There has also been close collabora-
tion between all research organizations and the Nutri-
tion Services of the Congolese Health Ministry. 

Aspects of Processing and 
Consumption 

Overview 

Surveys using representative samples have been carried 

out in both rural and urban areas to study traditional 

ways of cassava processing and consumption (Trche 
and Massamba 1989a, 1989b, 1989c, 1989d, 1989e, 

1990, 1991a, 1991c; Massamba and Trche 1989, 

1991b; Tr~che 1990; Bourangon-Dit-Ontali 1991). At 
the same time, special interest has been taken in wean

ing practices (Trche 1989; Cornu et al. 1991; Trche 
Dinga 199 ;Bouquet and Adam 1990). 

Studies on thz retting process-an important stage 
of cassava processing in Central Africa--consist of 
characterizing both the bacterial microflora and the 
products of their metabolism. Retting effects on end 

products have been studied using sensory tests (Tr&he 
and Massamba 1989b; de Labbey 1989; Tr che et al. 
1991; Brauman et al. 1991a, 1991b; Ampe et al. 1991; 

Adoua-Oyila 1991; Tciiiloemba-Poba 1991). 

Sensory evaluation studies have also been made to 
optimize the parameters for making chikwangue and 
foufou flour. These have mainly been done on the prod
ucts of the semi-mechanized chikwangue production 
unit built by AGRICONGO (Ngo 1989; Trbche et al. 
1991; Adoua-Oyila 1991). 

The main objectives of work done on cassava
based weaning flours have been to solve problems 

resulting from the low caloric density (dietary bulk) and 
the poor nutritional quality of traditional gruels 
(Avouampo et al. 1991; Legros and Tr~che 1991; 
Miambi et al. 1991; Gi imarchi and Tr&che 1991; Trhche 
and Giamarchi 1991; Trche et al. 1991). 

For this report, we have chosen to display some 
obtained from our work on cassava consumption 

and processing and its use in weaning foods. 

Cassava Consumption and Processing 

Survey data on cassava processing and consumption in 
rural areas have allowed evaluation of the consumption 
frequencies of different cassava final products and pro
vided the information necessary to create flow diagrams 
of the main processes (Massamba and Trche 1989; 
Tr&he and Massamba I989b, 1991 c). The flow dia
gram for chikwangue and foufou from cooked roots is 
shown in Figure I. Survey data show a strong environ
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mental influence on the ways that cassava isconsumed 
(Massamba and Tr che 199 1b) (Fig. 2)and processed
(Triche and Massamba 1991c). Three environmental 
factors explain this: (I) natural constraints, (2)commu-
nication difficulties, and (3) sociological, cultural, and 
economical characteristics of households. 

The part that cassava-based products play in wean-
ing practices and the nutritive value of traditional gruels 
have been studied (Cornu et al. 1991; Triche and 
Massamba 1991b; Dinga 1991; Bouquet and Adam 
1990). The results of these studies show the product's 
low protein and energy content (Table I) and need for 
improvement, 

Surveys carried out in Brazzaville with workers in 
small urban factories, which turn cassava retted roots 
into chikwangue and foufou, are still in their early 
stages. These surveys, however, have already enabled 
an assessment of the percentage of households in differ-
ent districts of Brazzaville which are transforming cas-
sava. Supply, work organization, and type of end 
products of these operations are summarized in Table 2. 
Presently, project staff are monitoring the operation of 
60 of these small factories, 

In collaboration with researchers from 
AGRICONGO, prices of the main staple foods, chikwan-
gue, foufou, plantain, corn, potato, bread, and rice sold 
and consumed in Brazzaville, have been recorded since 
Januar, 1Q91. Based on this research, comparisons of 
prices on a dry weight basis show that cassava products 
are still competitive in urban markets (Table 3). The 
average price of chikwangue at C.CFE 36.1 is less than 
all other prepared foods, 

In Brazzaville, characterization of chikwange 
consumers' preferences (Adoua-Oyila 1991) brings to 
light relationships between some cultural, economic, 
and sociological factors and ways of consumption. 

Cassava Flour in Weaning Foods 

!ncreasing the energy density of gruels is possible by 
limiting the swelling of starch by using amylases. Ex
tensive studies on the utilization of different sources of 
amylase have been performed (Tr&he 1990; Miambi et 
al. 1991; Giamarchi and Tr che 1991; Triche and 
Giamarchi 1991; Tr che et al. 1991). Because of the 
properties of its starch, protein-enriched cassava flour 
could constitute an excellent weaning food for develop
ing country infants. Fouler-Guilluy (1991) has studied 
making weaning food from cassava flour. This flour has 
had the cyanogenic glycosides removed through the 
process of retting and is complemented by adequate 
plant protein sources, e.g., soybean or kidney bean. 

At the moment, the best procedures to reduce di
etary bulk seem to be adding appropriate alpha-amylase 
sources: malted cereal flour at the household level (Fig. 
3); and industrial food-grade enzyme at the cottage 
industry level (Fig. 4). Another possible solution would 
be fermenting roots underconditions favoring the action 
of amylolytic microflora. Future research efforts should 
be made in this direction. To continue work in this area, 
a pilot plant for cassava-based weaning foods is being 
set up with the help of the Institute of Research and 
Development, AGRICONGO (Avouampo et al. 1991; 
Legros and Trbche 1991). 

Constraints and Limitations 

The main constraints are those usually come across in 
the transfer of laboratory results to small-scale experi
mental units and from these units to the real environ
ment. The most important of these are time constraints,
and collaboration in follow-up research with entrepre
neurs (businessmen) interested in using developed in
novations. Mediation by AGRICONGO has partly solved 
this latter problem. 

Table 1. Influence of basic ingredient on concentration and protein content of traditional gruels. 

Gruel concentration Protein n content 
(g dry weight/l00 g) (g dry weight/l0 g)

0Products n Averageb n" AveragebI 

Cassava 176 15.75b 124 1.84a 
Corn 211 14.49c 135 5.21 b 
Other local products 9 24.63ab 9 11.07c 
Imported flours 27 18.04a 27 9.79c 

n= Numher of determinations. 
hValues inthe same row followed by the same letter are not significantly different (P> 0.05). 
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Figure 1. Flow diagram for chikwangue. 

Retted peeled 
roots 

Removal of tle central fiberI
 
Pressing (32%) 
Crushing (41%) 
Draining (47%) 
Pause (17%)

I
 

Removal of fiber RemovA of fiber Other ways of 
with a ard (30%) by filtration/ decantation (65%) removII of fiber 

Draining (25%) Draining (100%) Draining (14%) 

Pounding (6%) Laminating (89%) Other ways ofkneading 
kedn
 

Pause 118%) 

Shaping (23%) Shaping (77%) 

Wrapping in a I 
leaves (99%) PackingI (86%) 

Cooking in Cooking in First cooking (100%) 
charcoal (19%) water (81%) Coolint (9%) 

* Kneadinj (100%) 

Chikwangue Shapingl(10%)
 
produced from single cooking Wrapptg in
 

leaves 98%), 

Cooking in Cooking 
charcoal (2%) in water (98%) 

rod Chikwangue 

produced from double cooking 

408 



Figure 2. Consumption frequencies of different products derived from cassava roots in the Congo. 
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Figure 3. Effect of addition of malted sorghum flour on the gruel concentration at the viscosity level of 2 
Pa.s. 

25 Cassava + 
Sorghum 

20
 

.15 - Maize + 
" Sorghum 

- 1Maize Cassava 

"0 

25 

Without malted 
sorghum flour 

With 10% malted 
sorghum flour 

409 

-///, 



Table 2. Working order of cassava processing 
small factories in Brazzaville. 

(%of total) 

Household operations for processing: 

Foyfou 
Chikwangue 

0.68 
1.93 

Chikwangue factories 
- Number of processing operations by month: 

0-4 

5-8 

8 


- Type of raw products 
Raw roots 
Whole retted roots 
Retted paste 

- Raw product origin 
North (by stream) 
South (by rail) 

- Amount of chikwangue sold every week 
2()-69 
70-139 
140-300 

35.2 
60.0 

4.8 

0.3 
1.0 

98.7 

57.7 

42.3 

40.1 

49.7 
10.2 

The main limitation of the project lies in the fact 
that it has a highly location-specific focus. One way to 

foster more acelerated adaption of available innovations 
would be to expand the coverage to the Greater Central 
Africa area. 

Table 3. Staple food prices in Brazzaville (on a dry 
weight basis). 

Type of food 

Chikwangue 

Average price 

Foufou 

(cassava) 


Plantain 
Corn 

Potato 
Bread 

Rice 


Costa 
(F.cfa/10Og) 

Ngudi-yaka 34.5 
Fabrique 42.1 
Moungouele Horth 36.1 
Moungouele BZV 39.1 

36.1 

Dry retted roots 18.9 
To sell retail 45.8 

86.7 
Grain 37.6 
Fermented dough 100.7 

249.0 
47.7 
28.6 

"F.cfa I M = US$ 0,0037 

Figure 4. Effect of the addition of industrial amylase on gruel concentration at the viscosity level of 2 Pa.s. 
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Evaluation of Results 

We are making good progress in our work. Results 
obtained based on the project's objectives are adequate. 
There is, however, still much work to be done concern-
ing the transfer and the diffusion of identified or final-
ized technological innovations. 

Future Prospects 

Exploitation ot data obtained within the framework of 
identifying processing and consumption patterns in 
Congo has to be completed. A quantitative estimation 
ot" cassava consumption in urban areas remains to be 
done. Transfer of results obtaiiied from our studies on 
the retting of cassava roots remains incomplete. 

A means of financing is being sought to support the 
work necessary t optimize foufiou flour and chikwan-
ue, production and determine the feasibility, accept-

ability, and nutrition o fortified cassava-based 
products. A new project is envisioned which would be 
directed toward development. 
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Potatoes, Mixes and Soups:
 
A Case Study of Potato Processing in Peru
 

GregoryJ. Scott, David Wong, MariaAlvarez, 
andAlberto Ttpac Yupanqui I 

Abstract 

Simple potato processing is an age-old Peruvian tradition. Present day techniques beargreat resemblance 
to those utilized many hundreds of years ago. Recent interest in improving potato processing was spurred
by production and marketing developments, particularly those concerning product development for mass 
consumption in urban markets. Efforts to improve traditional processing coveced both products and 
processes. Initial work on potato drying processes gave way to experiences using potato products in mixes 
with other Andean products, building of apilot plant and the introduction of appropriate, simple machines. 
Transfer of the technology through a rural development project resulted in a series of modifications 
intended to develop adequate processed products, alter plant size and design, and improve final product
processing. Although the project was not replicated in its entirety for financial, technical, and organiza
tional reasons, new ideas and useful knowledge were disseminated. 

Key words: postharvest technology; equipment; pilot plant; marketing; rural development organization: Peru. 

Introduction importance because their preparation requires less time 

and energy, their shelf life is longer because they are 
Potatoes have been processed in Peru and Bolivia for less perishable, and their utilization promoted through 
hundreds of years. This activity permits potato con- mass media advertising. Such activity is also seen as a 
sumption long after harvest and facilitates their trans- way to give rural families an additional source of em
port and exchange for other products. During the last ployment and income by expanding the market for 
two decades, interest in improving traditional process- increased potalo production. 
ing techniques has grown, particularly in years of abun- This paper analyzes attempts of several institutions 
dant supply. While potato remains a traditional part of at improving simple potato processing over the last 15 
the rural diet in many Andean countrie ., the vast ma- years in Peru. First, traditional potato products and 
jority of consumers have moved to the cities. Conse- processing techniques are briefly described. Second, 
quently, stpplying urban areas with food has become efforts to improve these techniques are evaluated. The 
an increasingly important concern; and efforts to reduce third section deals with the development of new pro
transportation costs, as acomponent of marketing costs, ducts through mixing of potatoes with other staples. The 
a major priority. Furthermore, food consumption habits closing section summarizes the lessons learned for those 
have changed, with processed products taking on added interested in developing similar piojects in the future. 

Leader, Postharvest Management. Marketing Program. International Potato Center (CIP). P.O. Box 5969, Lima, Peru: Professor of
Business Administration, Universidad del Pacffico, P.O. Box 4683, Lima, Peru; Gerente de Crddito. Fondo de Desarrollo Campesino,
Coordinadora de Organizaciones Campesinas c lnstitjci~i- Agiias. Tiz6n y Bueno 847, Lima II, Peru; Consultant, c/o CIP. The 
opiniorns -%prcssed in this study do not necessarily refiect those of their respective institutions. 
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The Potato in Peru 

Production 

Potatoes cover 10% of the total cultivated area in Peru. 

Only corn coversalargerarea(15%).Duringthe 970s, 
average annual cultivated area was approximately 
268,000 ha. In the 1980s, harvested area fell to an 
average 196,000 ha per year. Average annual produc-
tion was 1,735,000 t in the 1970s. It fell to 1,619,000 t 
in the 1980s. Avenge yields per hectare rose from 6.5 t to 
8.3 t over the same period. Despite this increase, yields 
remain well below the technically feasible 30 t/ha. 

Potatoes are grown in all Peruvian regions. How-
ever, 95% of the potatoes are grown in the highlands 
(sierra). Only 4.5% are grown on the coast, and 0.5% in 
the Amazon jungle region (Scott 1980). In the high-
lands, potatoes are grown on 20% of the total planted 
area, compared to 17% for corn. In the central high-
lands, in particular in the Department of Junin, cast of 
Lima, the capital city, (Map 1) potatoes cover 48% of 
the total harvested area. 

Potatoes are grown by small, medium, and large 
farmers depending on (I) area planted; (2) type of 
production; and (3) utilization patterns. Small farmers 
plant less than one ha of potatoes, in combination with 
other crops and mainly for home consumption. Medi-
tim-size farmers plant up to 3 ha of potatoes, generally 
in combination with other produce but are market-
oriented. Large growers are profit-oriented and special-
ized in seed and ware potato production. They plant up 
to 100 ha. Approximately 90% of all potato growers in 
Peru are small farmers, 9% are medium-size farmers, 
and only 1%are large growers according to available 
estimates (Ibid.). 

Due to the agroecological diversity of the country, 
potatoes are grown in Peru all year round. Hence, they 
are harvested in at least one producing area at any one 
time during the year. However, due to varying soil and 
climatic conditions of the producing areas, only po-
tatoes from a piarticular area will reach Lima markets at 
any given time of year (Gomez and Wong 1989). For 
example, during the first half of the year potatoes are 
harvested in Junin, in the central highlands, while the 
harvest in Moquegua, in the south, takes place in the last 
quarter. This ensures a constant supply of fresh potatoes 
to the Linia market. 

Marketing 

Commercial potato production has grown in relative 
importance in Peru with the decline of subsistence
oriented potato cultivation as in the southern Peruvian 
highlands. Improvement and expansion of roads have
fostered the development of regional and interregional 
commerce. This led in turn to an increased interest in 
new potato uses, products, and markets. 

The search for new markets is also due to the 
peculiarities of potato marketing in Peru itself. Given 
the long distances from producing areas in the highlands 
to consumption centers on the coast. transportation costs 
long have been an important component of marketing 
margins. The relative importance of theFe costs has 
mushroomed in recent years with the sharp rise in fuel 
prices. Thus, processing that could shrink the large 
(80%) water content of the potato would reduce the 
depressing effect of transportation costs on farm-gate 
prices. Processing technologies could also help farmers 
manage the release of surpluses onto the market in 
response to favorable price movements. By using tech
nologies to preserve potatoes when prices are low, farm
ers could sell potato products at a later time when prices 
are high. 

Demographic and income changes have also spur
red interest in processed potato products. Traditionally 
processed potatoes are an important component of the 
family diet in the highlands. However, these products 
typically are consumed on the coast only on special 
occasions (Werge 1979). Therefore, though there are no 
detailed statistics in this respect, regional variation in 
consumption patterns reflect the fact that traditional 
potato products vary greatly in quality and presentation 

(color, appearance, and purity) as well as price. The 
absence of suitable technologies to reduce watercontent 
has generally meant higher consumer prices for pro
cessed potato products in urban markets on the coast. 
Consequently, a potential market for inexpensive, good 
quality, potato products was identified contingent upon
the improvement of processing technologies to produce 
a better and cheaper product. 

Traditional Processing 

Although potatoes have been processed in Peru for 
several hundred years, little has been written about the 
products and processes involved. Yamamoto (1988) 
argues that many contemporary scientists see these 
products as part of a traditional activity with little rele
vance to modern life. 
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Map 1. Peru: Location of potato production. 
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Nevertheless, Werge (1979) identified two main 
reasons for the continued prevalence of traditional po-
tato processing. One is to obtain aproduct from potatoes 
that cannot be consumed fresh. For example, bitter 
potatoes used to make chuito must be processed due to 
their high content of glycoalkaloids; damaged and rot
ten potatoes which cannot be consumed directly, must 
also be processed. Secondly, storage is a vital concern 
in areas where the potato is an important component of 
the diet, but where seasonality prevents uninterrupted 
consumption of fresh tubers. Under such circumstances, 
part of the potato harvest has to be processed to ensure 
a constant supply of food. 

Traditional potato processing also has several im
portant advantages over other techniques. First, these 
processes do not require the use of inputs other than 
solar energy, water, and labor (usually family labor). 
This fact is particularly relevant in environments like 
the upper Peruvian highlands (puna), where natura: 
(i.e., firewood) or generated (i.e., electricity) sources of 
energy are scarce. Additionally, these processing tech-
niques provide employment for family labor immediately 
after the harvest season when local job opportunities are 
scarce. 

The extent of us ofsuch technologies was revealed 
by a survey among a sample of 1,200 farmers in the 

Mantaro valley, an important potato producing area in 
thecentral highlands (Francoet al. 1979). Resultsof that 
survey showed that 33% of those interviewed were 
chuiio producers, II %produced dried potatoes, and 2% 
produced starch. 

The potato products obtained with traditional tech
nologies listed by Yamamoto (loc. cit.) include: lojora, 
kachu-chuiho, tunta, moraya, mnosqo-chuho, toqosh, 
ciuiio, dried potatoes (papa seca), and potato starch 
(ahnid6n de papa). However, the first six products are 
merely different forms of papa seca. Thus, only three 
major types of traditional processed products are made 
from potatoes: chutlo, papa seca, and starch (Fig. I). 

A comparison based on the accounts found in 16th 
and 17th cer.tury chronicles and observations of present
day processing techniques reveals fw, if any, changes. 
Processing of potatoes in the Peruvian highlands takes 
place in June and July during the night-frost season. 
Lojota and kachu-cwiuo are obtained by selection of 
bitter potatoes which are then frozen in the open air, 
thawed, ground, and cooked (Table I ). However, larger 
tubers must be used to obtain chtio. The potatoes also 
must be sun-died, making the processing generally 
longer. Chuilo is used in soups and porridges (mazamor
ra), and annual per capita consumption is estimated at 
5-6 kg. Consumption is greatest in the rural south of 

Figure 1. Potato processing in the highlands of Peru and Bolivia. 
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Table 1. Processed potato products in Peru and Bolivia. 

Product Type of potato 

Lojota Mainly bitter 
Kachu-chufio Small 
ChOio Small and medium 
Tunta Mainly bitter 
Murava Damaged potatoes 
Mosqo-chufio All 
Toqosh Mainly bitter 
Chuio Not bitter 
Dried potato Not bitter 
Starch Not bitter 

Source: y'4;:*,.,t; ,'988. 

Peru (Scott 1986). Tunta, moraya,and mosqo-chuhioare 
obtained by immersion of tubers in running water. The 
processing of toqosh does not require drying. 

The processing ofpapa seca requires boiling of the 

chosen tubers, peeling and slicing, sun-dryin4 and grind
it& into small pieces (Werge 1979). According !oBena-
vides and Horton (1979), statistics for the I970s reveal 
that production of papa seca was mainly in the depart-
ments oflfa Libertad (59%),Junin (21%), Lima (l%), 
and Ica (3%). Also, papa seca typically is used only for 
the preparation of a dish served on special occasions 
(e.g., carapulcra). Thus, increased consumption of papa 
scca results from simple population growth rather than 
higher per capita consumption. 

Potato starch is obtained by mashing potatoes that 
are then soaked in water for several days. The water is 
changed regularly, and the starch precipitates. After 
straining with a fine mesh cloth, the starch is sun-dried. 
Potato starch isused as athickener, and to make desserts 
and cakes. 

Development of 
Improved Technology 

First Attempts 

Given the growing interest in the commercial potential 
of traditional po)tato products, and the variable time 
required to make them. scientists at the International 
Potato Center (CIP) became interested in finding faster 
drying methods for papa seca. These improvements 
were intended to allow producers to increase and ac-
celerate production, diminish production costs per kg, 

Time needed 
for processing Storage 

1-2 days No 
1-2 days No 
2 weeks Yes 
I month Yes 
I month Yes 
3 months Yes 
2 weeks-I year Yes/No 
I month Yes 
2-3 days Yes 
1-3 days Yes 

and ensure a larger commercial supply for the one 
traditional processed potato product thought to have an 
untapped market potential. This concern led to the de

velopment of the black [ox technology. 

The Black Box 

This technology consists ofa simple, black wooden box 
with a removable plastic lid that can be used as an 
improved solar drier. It was envisioned that the black 
box would reduce dehydration time while preserving 
the nutritional and culinary properties of the potato. A 
number of experiments were carried out in Concepcion 
(3,200 m) in the Mantaro valley in June and July, 1977 
to compare black box performance vis Avis traditional 
drying methods. Participant farmers supplirdl the tubers. 

The black box was tested against drying methods 
such as drying oti jute cloth, other thin fabrics, and 
layers of straw. One-kilot lots of lx)tatoes were placed in 
the black box and or the other drying surfaces. The 
samples were weighed daily to assess loss of water 
content until total dryness; was achieved4. Farmers helped 

to determine any noticeable differences between results 
obtained with the black box versus other drying methods. 

Iritial water loss was significant with all techniques 
used. ilowever, no method showed clear superiority in 
drying speed. Furthermore, farmers did not perceiv!' 
differences in quality amongst techniques. One negative 
aspect of the black box was the lack of adcquate yen
tilation. Humidity was trapped by the plastic lid. 
Removal of the cover did not result in substantial ina
provements as compared to the other methods. Addi
tional findings showed that tuber size was of foremost 
importance for all techniques employed. 
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More importantly, although manufacturing of chuio 
and papa seca was seen as highly labor-intensive, the 
degree of difficulty varied at different stages of the 
process. For example, in tile case of papa seca, the 
peeling of potatoes after cooking was seen as the most 
labor-intensive stage of processing. The participant farm
ers did not consider :he labor required fOr sun-drying of 
the potatoes as a constraint. Nor did they think that 
sun-drying was too time-consuming, or that faster dry
ing techniques would be an important innovation. 

The Muquiyauyo Experience 

In a related experience, the rural community of Muqui-
yauvo in tile Mantaro valley showed interest in reaching 
an agreement with the National University of Agricul-
ture t develop large-scale production of papa seca. 
This lead to the purchase of heavy equipment and the 
building of appropriate infrastructure. However, these 
facilities were never utilized as planned due to tile high 
market price oflpotatoes and the small consumer market. 
At the same time, factory management and coordination 
of technical assistance required too m ch dedication oi 
!hc part of participant farmers. As a consequence, the 
plant was abandoned for all practical purposes. Scien
tists learned two main lessons from this experience. 

First, new potato products had to be developed that 
would be less vulnerable to seasonal potat( supply and 
price fluctuations. This innovation would allow the 
plant to operate with a continuous supply of low-cost 
raw material. It would also ensure asustainable flow of 
finished product for interested buyers. Second, con
sumers should be able to use these products in more than 
just one way of food preparation. This marketing 
strategy was intended to increase utilization, per capita 
consumption, and the demand for processed potatoes. 

The M6 Mix 

Work started on the development of highly-nutritious, 
low-cost processed potato products using combinations 
or mixes of local crops as an outgrowth of the above-
mentioned experience. Low income consumers were 
chosen as the target beneficiaries of these efforts for two 
reasons. ('lt"s mandate as a non-profit international 
Organization calls fOr the center to assist less well off 
groups. Furthernore, these consumers arc the largest 
segment ft the local market. Gaining, access to this 
market segment, it was reasoned, would allow larger-
scale operation and, thereby, reduce unit production 
costs, 
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Plans were made to: (1) experiment with several 
crop mixes; (2) build a pilot plant; (3) test consumer 
preferences; (4) conduct marketing studies; and (5) 
carry out abrief study of the economic feasibility of this 
type of processing. 

Experimenting with Different Crops 

Small farmers and potential rural processors in the 
highlands of Peru irow a variety of crops including 
quinua, lupine, broad beans, oats, and barley, among 
others. These crops were evaluated for their compati
bility with potatoes, and the resulting mixes were tested 
for their organoleptic acceptability by consumers. The 
highest ranking prototypes were then evaluated fortheir 
nutritional characteristics. 

The M6 mix was rated as the most acceptab'e. It 
consists of 30% fresh potato comained with rice, oats, 
barley, and corn flours. It zan be reconstituted by adding 
approximately one liter of water for every 80 g of dry 
mix. Tile product then has to be boiled for 25 main until 
thickening to be used as a breakfast cereal, with other 
savoury foods, or as a dessert. 

The approximate nutritional value of the mix is 
measured by its 10.6% protein and 333 kcal calorie 
content per 100 g of mix. The probable protein efficiency 
measure using the Food and Agricultural Organization 
of the United Nations (FAO)/World Health Organ
ization (WHO) method is 86%, compared to 82%, 70% ", 
and 41% for potato, rice, and broad beans, respectively. 

The Pilot Plant 

A pilot processing plant was built at the CIp's high 
altitude experiment station outside the city of Huan
cayo. Constniction work concluded in July 1984. The 
facilities include adrying area with acapacity to process 
I tof M6 per week. The processing plant itself includes 
four main components: (I ) a reception and storage area 
for potatoes and other supplies; (2) a processing unit; 
(3) a drying chamber: and (4) a finished product store 
(Fig. 2). 

Processing unit. The processing unit is 14.35 i long 
and 9.78 m wide. The walIs are made with local ma
terials, i. e., eucalyptus boards and trunks. Twodrainage 
ditches on the cement floor allow easy cleaning of the 
facilities. The aluminiun sheet metal roof has a few 
fiberglass-covered openings for lighting above the work 
areas. 



Figure 2. Processing plant and work flow chart. 

EXIT 

Legend: 

I. Platform scale 7. Press 13. Cart conveyor
2. Closet 8. Water source 14. Dry box closet 
3. Closet for pots and plastic ware 9. Mixer 15. Drying shelves 
4. Potato peeler 10. Masher 16. Fiberglass deposit
5. Kerosene stove 1I. Strainer 17. Sacks with finished 
6. Inspection table 12. Hammer mill product 

Source." Booth ('tal. 1986. 

Drying chamber. The solar energy collector in the 0.10 m sidewalls prevent potatoes from falling off the 
drying c, :te is made of eucalyptus boards and mud table. A formica sheet tabletop allows easy cleaning. 
bricks (adobe). The ceiling and tbc i~oitI ,,'all are cov
ered with no. 14 plastic (PVC) conduit pipe. The floor is Cooking pots. Cooking is made in 40-liter aluminium 
polished cement, and the walls and floor are painted drums with two side-handles for easy manipulation. 
black for greater solar heat absorption. The remaining
walls have six windows 0.5 m above the floor for Stove. The steel angle bar stove is 0.5 x 0.5 m 2 and 0.6 
improved ventilation and an air extractor helps remove m high, and is provided with two kerosene burners, a 
saturated air. In the drying chamber, two metal racks at kerosene tank, and a pump. Fuel consumption is 80(0

3each end of the drier arc used to place trays with the cm per hour. 

homogenized, humid mix ready for drying. 
Potato grinder. The grinder is a drum with a helix axle, 
a rotating knife, and a perforated disc. An external handEquipment crank enables the grinder to be operated manually. The 

te pocesingequimen lanThe ocaion f inthe is disc has 3 mm holes. Output is about 75 kg of potatoes 

depicted in Figure 2. The equipment includes the fol- pehor 
lowing. Mixer. The stainless steel mixer has a double mixing 

Peeler. The mechanical peeler is a galvaoized metal helix along the rectangular body. At the bottom a dis
drum with a roitatine botto m. The abrasive surfaces penser allows to empty the container. The mixer rests 
inside the drum help remove the peel. The peeler's on four steel legs and is driven by a 2.4 hp, 220 volt 
approximate capaicitv i.s per300 kg of peeled po tato es electric motor. Capacity is 50-100 kg at a time, and ideal 
hour and it is po>wered by a I .X hp, 22(1 volit elcl.,tric mixing time is half" a minute. 
motor with a 1.32 kw/ho)ur energy consum~ptio)n. 

Masher. The work surface of the potato masher is made 
Inspection table. Inspectio)n and rectificatio)n of peeled of a circular cutting dish to which the product is sent 
potatoes is carrie(I ouit on this 2x I in table. Two wo rkers through a tunnel. The material is mashed by the rotation 
on each side of thectablecperform potato inspection while of the dish and sent to the bottom. Capacity is 200 
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/hour and the machine isdriven by a I I hp oil engine, 
Oil consumption is900 cc per hour. 

Processing 


The production of mixes involves asimple process (Fig.3). The potatoes are boiled and mashed. Cereal and 
legumhe ptatos arehen ded to t shemd. p a mas. 
legume flours are then added to the humid potato mash. 


The humidity of the potato mash is transferred to 
the mix thus making drying easier. Drying can be by 
solar radiation or artificial means though at a higher 
cost. The approximate quantities of raw material and 
processed raw material appear in Table 2. 

The processing plant designed for this project had 
a I to 2.5 t operating capacity. One ton of the processed 
product yields 50,000, 20 g or 250 ml rations of re-

hydrated mix which can feed 396 six-member families 
three times aday for aweek. 

After harvest, the potatoes are stored at approximately 
12"C. Processing takes place once tubers have been 
selected and bad tubers discarded. 

Washing and peeling. Dirt and other foreign matter 
must be washed away from tubers. Peeling ismade with 
a peeling machine with a 0.5 m3/hr water jet. The 
undulating bottom turns and pushes the potatoes against 
the abrasive walls, and makes the potatoes rub against 
each other. The resulting softening of the skin makes 
the dirt and the skin fall off the tubers to the bottom 
where they are then removed by the water jet. Tubers 
not properly peeled are rectified by hand. Maximum 
peeling capacity of the machine is300 kg/hr and energy 
consumption is 1.324 kw/hr. Chemical peeling with 
sodium h' droxide (caustic soda) may also be used. 

Figure 3. Flow diagram for production of M6, 1-2.5 tper week. 

Mill 

Wash - Peel - Wash 

Wash/peel 
mechanically 

Cook o.Grind 

Sift 

I 
0 Mix - . Dry 

Source: Booth et al 1986. 

Table 2. Input requirements (kg) per 100 kg of M6. 

Raw matter Potato Rice Lima beans 

Requirements 170 17 21 

Oats 

21 

Barley 

23 

Corn 

12.5 

Salt 

4 

Processed Potato Flours 

Raw matter 
Requirements 

Source. CIP. 

mash 
120 

Rice 
16 

Lima beans 
16 

Oats 
16 

Barley 
16 

Corn 
12 

Salt 
4 
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Cooking. Washed and peeled tubers are placed in 40 
kg-capacity pots. It isadvisable to place the potatoes in 
15 liters of boiling water at the most, Total cooking time 
depends on the variety of potatoes though usual;y amix 
of varieties will require, on ave;age, 2 hrs for a maxi-
mum 40 kg-capacity pot. 

Grinding. This is performed manually using two meat 
grinders, 

Mixing. Cereal and legume flours are mixed with the 
potato mash as follows: ( I ) 60% humid potato mash; (2) 
8%broad bean flour; (3)8%rice flour; (4)8%oat flour; 
(5)6%corn flour; (6) 8%barley flour, and, (7) 2%salt. 
The ingredients are homogenized in the mi".er. 

Shredding. After mixing the product is shredded into 
1-2 mm granules for easy drying. 

Drying. The fine mix isplaced on wooden trays at arate 
of 5 kg/m 2 for 52% average humidity of the mix. The 
trays are placed on metal shelves in the drying chamber. 
Temperature in the chamber is 40"C, average ambient 
humidity is 30% and wind speed is 0.4 m/sec. The plant 

Table 3. M6 consumer acceptability tests. 

Location 

UNI-Lima restaurant 
( 1,800 people) 

Low-income restaurant 
Ate Vitarte (9W0 people) 

Low-income restaurant 
Lurigancho (350 people) 

Low-income restaurant 
130 people 

University of Cajamarca 
(O people) 

S,,urce: Centro de IDEAS. 

has a500 kg drying capacity and an output of 250 kg of 
M6 mix every 48 hrs. 

Consumer Acceptability Tests 

As part of the evaluation of the potential product, 1,000 
consumers were asked to taste the mix. After ademon
stration, they received a half kilo of the mix. The mix 
also was consumed for a whole year at a community 
restaurant (comedor popular) in a low-income neigh
borhood in Huancayo. Results of both tests showed 
good consumer acceptability (Booth et al. 1986). 

Other consumer acceptability tests were carried out 
at 12, low-income municipalities (pueblos j6venes) in 
Lima; for two years at the low-income restaurant "Sefior 
de los Milagros" also in the capital, and with 2,000 
school children in the central highlands for two months. 
These consumers reported that the product's taste and 
texture were highly acceptable (Table 3). Acceptance 
among sample homemakers was increased by the pro
duct's high nutritional content. 

Use of M6 Result 

beef stew (thickener) 
carapulcra (side dish) 
fish stew (thickener) 

good 
good 
bad 

chicken stew (thickener) 
carapulcra (side dish) 
noodle soup (thickener) 
vegetable soup (substitute) 
cream soup (substitute) 
milk drink (substitute) 
beef stew (thickener) 
beef soup (substitute) 

good 
good 
good 
good 
good 
good 
good 
bad 

chicken stew 
cream soup 
drink 

good 
good 

cream soup (substitute) 
porridge (substitute) 

good 
good 

drink (complement) 
fritters (complement) 
porridge (substitute) 

good 
good 
good 
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Socioeconomic Feasibility 

Analysis of the economic feasibility of the mix assumed 
an investment of US$ 15,000 to be financed by aloan 
at an annual interest rate of 12.5%. This investment 
excluded the cost of the land. The proposed selling price 
for the M6 was set at US$ 1.00. Approximate produc-
tion costs were estimated at US$ 0.60, depending on 
production levels. However, calculations done for the
feasibility study were intuitive. 

An anthropological study of food consumption habits 
in shanty towns around Lima aimed at assessing the 
possibility of including M6 in the d..ily diet of low 
income consumers (Benavides and Rhoades 1987). Re-
suits of that study showed that processed products are 
relatively expensive, and underscored the skepticism 
prevalent among some CIP scientists as to the real
potential of M6 for this group of consumers. OtherspotntartheMe fi s o smrswerhi pp . whesargued these findings were too pessimistic. Meanwhile, 
the process was refined and arrangements made for 
commercial testing by transfer of the technology to a 
local, non-governmental organization, the Centro de 
Investigacion, Documentacirn, Educacirn, Ascsora-
miento ,Servicios (IJEAS). 

ansfer ofTechnology 

Centro de IDEAS is aprivate research and development
organization d to the iof l stand-aiion vorientation 
ards among low income urban dwellers, and the devel
opment of agricultural and handicraft production. These 
efforts take into consideration the conservation of na-
tural resources, national food security, and the use of 
integrated development policies. 

Since its inception, Centro de IDEAS has placed 
great emphasis on rural development by making alter-
native policy proposals to increase productivity and 
production, develop alternative agricultural technolo-
gies, foster the efficient utilization of natural resources, 
and support grassroots organizations. In its search for 
new chalienges, Centro de IDEAS chose to promote the 
deveiopment of agroindustry. This led to a growing 
interest in processing to increase agricultural .'alue-
added and open new markets. The Agroindustry Pro-
gram therefore was created in 1985 to develop solutions 
to rural problems. 

The Centro de IDEAS Project 

By 1985, the Agroindustry Program at Centro de IDEAS 
proposed aproject to build four small plants for process-

ing potatoes and Andean cereals. The project's goal was 
to test the technical and economic feasibility of rural 
agroindustry. The project was funded by a U.S.-based, 
non-governmental organization, Appropriate Technol
ogy International (ATI). CIP scientists helped Centro de 
IDEAS staff prepare project documentation and establish 
links with ATI. 

The proposed project had four objectives: 
* Introduce small-scale technology suitalle to rural 

areas that would be profitable and could be replicated 
elsewhere; 
Process highly nutritious and cheap potato products 
for low-income consumers; 

e 	 Increase small farmer income by creating a new 
market for excess potato supplies; and 

a 	Establish arural simple processing training center forl 	 wic m epe 

This experience went through five stages: assimila
tion; development; investment; implementation; and 
replication and impact. 

Assimilation of CIP Technology 
The above-mentioned Industria de Derivados Alimen

ticios del Agro (IDEAGRO) project was implemented in 
the frame,'ork of Centro de IDEAS principles, i.e, antoward low-income people and possibility 

of replication by other enterprises. The project included 
an engineering study based on CIP's design, a basic
financial analysis, and a market study. 

CIP's initial process and equipment design was 

accepted, although it did not include technical specifica
tions for the processing of cereal and legume flours. A 
second drying chamber was added, and plant capacity 
was expanded to 9.6 t from the original 4 t. 

IDEAGRO proposed asimple organization in which 
Centro de IDEAS would be the owner and set the general 
policies, while IDEAGRO would be the project operator 
with acapacity to make autonomous decisions on sales, 
supplies, production, and other matters. Project staff 
included an industrial engineer or afood technician, an 
administrator, a plant manager, a secretary-sales assis
tant, and eight factory workers. Sales personnel were 

not included. The project did not take into consideration 
accounting and managerial aspects of the operation. It 
overlooked legal requirements as well (e.g., building 
and municipal authorizations, sanitary and quality con
trol regulations, and registration of trademarks). 
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One pilot plant was to be built in Huancayo and 
three others in Puno, Cajamarca, and Piura. Investment 
for the first plant was estimated at US$ 33,833. This 
included US$ 8,750 for equipment, US$ 7,000 for land, 
and US$ 18,083 for construction. Working capital was 
estimated at US$ 10,00. The investment was higher 
than originally planned by CIP because it included the 
cost of land, buildings, a hammer mill, and a large-
capacity potato press. 

The most optimistic cost and return estimates as-
sumed growing sales, constant positive margins of around 
US$ 0.22 (at a product price of US$ 0.86 and variable 
costs of US$ 0.64), and no price distortions. Morerealistic estimates showed negative net income. Centro 
de iDEAS considered that given the experimental and 
training nature of the project, optimism should prevail. 

The marketing study complemented work already 
done by social scientists at CIP, though with slightly 
different results. Consumer acceptability tests were car-
ried out at student cafeterias at the Universidad Na-
cional de Ingenierfa in Lima (UNI-Lirna and the 
University of Cajamarca, as well as at low-income 
restaurants in the Lima districts of Ate, Vitarte, and 
Luigancho. Although responses were generally favor-
able, negative comments pointed to a smell of oil, or a 
disagreeable smell in the food; rancid or bitter taste; and 
poor yield and bad thickening qualities of the product. 
IDEAGRO issued recommendations to improve the pro-
duct in all three respects. 

The marketing strategy proposed by Centro de IDEAS 
emphasized sales in Huancayo, in the Mantaro valley, 
and to state institutions such as schools and restaurants 
for low-income consumers through public sector con-
tracts. The reasons for this strategy were two-fold. These 
sectors constitute the largest share of a potential con-
sumer market. This segment of population was in most 
urgent need of food assistance. 

Development of New Products 

Project strategy changed radically after six months. 
Some underlying assumptions associated with M6 pro-
duct caine under criticism. Initially, the product did not 
suit consumer tastes. Introducing the product to the 
market would imply heavy promotional expenses. 
Finally, the product could not compete in price with 
other processed p,'oducts (i.e., those made with in-
ported wheat). I-or these reasons, among others, new 
time-saving, quality products were to be developed, 
Marketing efforts shifted from the countryside to big 

cities. Production at the plant was to be increased from 
9.6 to 16 t. 

The decision to increase production was based mainly 
on financial considerations. The price of M6 could not 
be significantly increased as it was directed to low-in
come consumers. However, escalating costs reduced 
project profitability (net profit/sales) from 28.2% to 
2.81%. Higher prices could be charged for the new 
products since they were aimed at higher-income con
sumers thereby allowing profits to rise to previous 
levels (23.5%). Maintaining the initial strategy would 
have led to a default on loans. 

The M6 mix became M5.This product is made of 
potato, rice, peas, barley, and corn. The marketing strat
egy required that all ingredients be precooked. Oatswere not used due to supply difficulties, and peas re
placed broad beans to eliminate the slightly bitter after 
taste. Cooking time for the new mix was reduced from 
25 to 15 min. 

Versatility was still considered one of the product's 
main features. However, what was initially perceived as 
an advantage, gradually became a problem because 
potential consumers did not clearly identify the product 
with any specific use. This, in turn, created marketing 
difficulties as the product did not fit easily into existing 
food consumption patterns. Changes introduced in the 
mix did not contribute to overcome this difficulty. How
ever, other product characteristics, such as ease of prepa
ration and high protein content, were regarded as highly 

desirable. 

Market surveys indicated that consumers objected 
to the size of the granules and the undefined taste of the 
mix. Thus, rice flour was removed to eliminate rough
ness. A new mix M4 (Ricarina) resulted from new 
product testing made possible by the use of CIP's plant. 
M4 was made with precooked potato, corn, barley, and 
pea flours. Another product (Chicolac) was developed. 

It consists of potatoes, corn, milk, sugar, and chocolate 
(Table 4). New products (split, precooked peas and 
broad beans; pea and broad bean powdered soups; peeled 
barley and wheat; quality papa seca; potato powderedsoup and potato semolina) were also developed and 
introduced in well-known regional markets (Huancayo). 

The process of experimentation and new product 
development was accompanied by an evolution in pro
ject goals. Gradually, the improvement of living stand
ards among the poor, peasant productivity levels, and 
rural food security received lower priority. Instead, the 
project increasingly focused on profitability and the 
need for self-financing to sustain operation. 

425 



Table 4. Transformations of the M6 mix. 

Stage Name of Product Ingredients 

First M6 potato (30%) 
barley (14%) 
corn (14%) 
rice (14%) 
lima beans (14%) 
oats (14%) 

barley 
barly 

corn 
peas 

Third Chicolac 	 potato (4%) 

corn (70%) 
milk (18) 
sugar (4%) 
chocolate 
powder (4%) 

Source: Centro de IDEAS. 

IDEAGRO eventually implemented three product 
lines: potatoes, cereals and legumes, and complemen-
tary production lines. Potato processing technologies 
included peeling, cutting, cooking, drying, grinding, 
and straining. Techniques for cereals included cleaning 
and selection, roasting, peeling, ventilation, grinding, 
and screening. Complementary iroduction techniques 
included mixing, dosage, sealing, and packaging. 

Potato processing required the use of peelers, steam 
cookers, solar drying chambers, fuel drying chambers, 
and mills. Cereal processing required stone removers, 
roasters, wheat peelers, fans, stone mills, hammer mills, 
and screens for straining. Complementary processing 
used mixer;, dosers, and seal packers. 

The new products and processes required a 540 m2 

area for facilities. Additional potato processing equip-
ment consisted of a brick and cement solar drier to 
replace the rustic CIP design: afuel drier; steam cookers 
to replace the kerosene stoves; and, a stainless steel 
cutter. Additional equipment for the processing of other 
grains were a sorting machine with interchangeable 
screens, a roaster, and a hammer mill. 

Investments 

Plant modifications to accommodate the expanded line 
of' products meant the required investments almost 

doubled from US$ 43,833 to US$ 97,115. Higher costs 

accounted for 57% of the additional investment; only 
43% was due to larger plant size and new processes. 
Higher costs resulted from exchange rate control mea
sures, an undervalued currency, and hyperinflation. As 
a consequence of these budgetary changes, working 
capital fell as a percentage of the total investment. This 
became aprogressively more severe problem. 

Direct investments in the IDEAGRO projec, were 
estimated at US$ 162,451 of which US$ 97,116 were 
supplied by ATI and the rest by a loan from the Banco 
Industrial del Perfi (Peruvian Industrial Bank). This 

amount did not include personal services, such as thoseprovided free of charge by CIP scientists and Centro de 

IDLAS staff members. 

ATI funds for Centro de IDEAS were loaned to 
IDEAGRO. Repayment of the loan would go towards a 
revolving fund to finance other enterprises wishing to 
replicate the experience. In fact, IDEAGRO would pay a 
negative interest rate and thus make a financial profit. 

However, by June 1989, the revolving fund amounted 
to only US$ 7,609 out of total funds of US$ 97,116 
provided by ATI. This partly reflected the economic 
crisis the country as a whole was experiencing. 

IDEAGRO was started at acritical ime. From 1986 
to 1989, Peru's Gross Domestic Product (GD11) fell at a 
9% annual ite. A 26% negative growth rate was re
gistered in 1988 alone. The September 1988 economic 
crisis and government's adjustment measures coincided 
with the beginning of IDEAGRO's financial difficulties. 
Although the agricultural sector grew at a 12% annual 

rate during those same four years, this was achieved 
through an artificial increase of purchasing power 
financed by the depletion of the country's foreign cur
rency reserves. 

Price distortions due to inflation generated varia
tions in product terms of trade, particularly after 1988 

when annual inflation skyrocketed to over 1,7(X)%. 
Prices for tubers, other vegetables, legumes and wheat
all inputs or substitutes for iDEAGRO's products-were 
considerably affected. For example, the price index for 
the first nine months of' 1988 rose faster for wheat than 
for potatoes (I 18( to I1)%). During 1989, the price 
index for potatoes shot up while wheat showed little 
change (I 35% for potatoes and 101% for wheat). 

The real monthly interest rate charged by banks was 
approximately 2%as aresult of rapidly accelerating 
inflation. This led to a decrease of the real worth of 
credit funds during those years. The agricultural sector 
was also subjected to massive imlprts of'staples (wheat 
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and rice), subsidized fertilizer prices, a severe drought 
at the end of 1989, and agricultural support prices, 
Ironically, these support prices did not benefit IDEAGRO; 
rather, they contributed to unstable input prices. 

Marketing 
IDEAGRO's marketing strategy must be analyzed bear-
ing in mind the meager information available on prices, 
consumer tastes and preferences, marketing channels, 
advertising, and sides for the above-meni--rcd products. 

Prices. Data are available only for papa seca. Prices 

vary depLnding on the segment of the market where the 
product is sold. The better quality-including more 

attractive packaging, of [DEAGRO's papa seca resulted 
in higher prices, when compared to prices at Lima's 
municipal markets and small retail stores. In super-
markets, IDEAGRO's papaseca competed directly with 
expensive Sureia" and slightly cheaper "Dieprosa" 
papa s'ca. 

Consumer tastes and preference. Gomez and Wong 
(1987)examinedtastesand preferences forchuhio,papa 
seca, a potato powder to make creamy soups and 
.-emolina. Their study asked 199 high-, middle-, and 
low-income Lima consumers their opinion about papa 
seca, chuio, and imported potato flakes. Questions 
included product awareness, quantities purchased, fre-
quency of and reasons for buying, preferences, and 
potential substitutes. All three types of consumers are 
aware of papa seca. Those products are consumed by 
70% of the high-income consumers and 90% of the 
middle- and low-income consumers. However, high-in-come consumers buy dried potatoes occasionally (once 
a month or less); middle-income consumers buy them 
every 15 days, while low-income consumers may buy

potatoes weekhly. 


Stated reasons for buying papa seca products are 
their filling flavor, nutritious value, good taste, and 
habit. Negative considerations include dirt and foreign 
matter found in the contents, bitterness and granule size 
(too large or too small). Potential substitutes for papa 
seca are beans, lentils, and split peas. IDEAGRO's pro-
ducts had not vet been introduced at the time of the 
survey, but they are free of these negative characteristics. 

Surv,-y data for imported potatoes flakes can shed 
some light on consuimer opinions about potato powder 
t make creamy soups. Potato flakes were known to 
160%,80%, and 70% of the high-, middle-, and low-in-
come consumers respectively. However, only 80%, 
50%. and 30% of the corresponding consumer groups 

bought the product. Frequency of purchase ranged from 
occasionally for the low-income buyers, to weekly for 
middle-income consumers, to at least once a month for 
high-income households. Ease of preparation, good taste, 
nutritional value and high yield were amo,.i, the reasons 
mentioned for buying imported potato flakes. While 
IDEAGRO's potato powder seems to have too strong a 
taste for Lima consumers, the imported prodluct was
cosie oo acic.me-mde mahed potas 
considered too acidic. Home-made mashed potatoes, 
rice, and mashed sweetpotatoes were mentioned as sub

towards high-income consumers, IDEACRO's market
t ans became nroer each met 
ing channelsmarketbecametonarrower.be reachedInitially eacha segmentspecific 

Marketing channels. With the shift in market orientation 

of the was through 

market as the mucipa milk aisiic
 
marketing channel. The tmunicipal milk distributior 
program in Huancayo was to serve as an outlet for 
low-income consumers. Small retail stores in Huancayo 
were to sell these products to middle-income groups.
Supermarket chains were the marketing outlet chosen 
for high income, Lima consumers. By the end of 1989, 

IDEAGRO's marketing efforts cncentrated just on Lima's 
high-income consumers. In this regard, one supennarket 
sales manager stated that IDEAGRO's products ranked 
better in terms of product quality, packaging, presenta
tion, and price than those of their competitors. However, 
he thought that these products were for low-income 
householders and consumers from the highlands, i.e.. 
the types of buyers who were not among the super
market's target public. 

Adverising. Papaseca, chuho, potato powder to make 
soups, and other products (roasted split peas and broadbeans, pea and broad bean cream soup, and peeled 
barley and wheat) are marketed by IDEAGRO under the 
"Abri!" brand name. Significant impact and consumer 
acceptance were achieved for the Abril brand throughsales promotions in supermarkets. Chicolacdemonstra

tions were made for officials in charge of the Huancayn 
milk program. At the Huancayo agricultural fair, 
IDEAGRO's products won first prize in the agroindus
trial category. 

Poor sales were considered to be the result of insuf
ficient knowledge among homemakers of the ways to 
use Abril products. This in turn led to the preparation of 
recipe leaflets for distribution in shops. 

Sales. Gomez and Wong ( 1987, estimated the potential 
size of the Lima market at 113 t of papaseca and 7 t of 
potato flakes per month. MDEAGRO's average monthly 
siles from January 1989 to June 1989 were 8.17 t (Table 
5).
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Table 5. IDEAGRO production and sales 
(1988-89). 

Production 

1988 Ene 1.50 1.51 
Feb 4.50 4.51 
Mar 570 5.77 
Abr 4.30 2.06 
May 12.40 5.59 
Jun 18.70 15.18 
Jul 15.00 12.63 
AgoSet 21!.20

13.90 
22.86 
10.97 

Oct 5.70 8.47 
Nov 18.70 11.17 
Dic 18.30 11.20 

1989 	 Ene 13.86 
Feb 2.43 
Mar 6.68 

Abr 8.58 

May 7.45 
Jun 6.19 

1.66 8.17 

Source: Seminario 1989. 

Data supplied by ahigh income, supernarket chain 
on sales and shopping frequency for papa seca, potato 
powder, and semolina in August 1990 may be used to 
estimate total sales. This supermarket chain buys 609 to 
800 half-kilo bags of papa seca per week, i.e., ap-
proximately 1.6 t/mo, showing an increase from the 
average monthly buying volume of 0.5 t in 1987. How-
ever, IDEAGRO supplied only 80 to 100 bags, or 12% of 
these purchases. Due to political difficultieq inthe cen
tral highlands in 1989, IDEAGRO adopted alower profile 
which contributed to a decline in sales and a loss of 
market share. Weekly potato powder and semolina pur-
chases by the supermarket consequently fell to 50 half-
kilo bags for each product, i.e., 0.1 t/mo per product. 

Average monthly producticn was approximately 12 t. 
This figure rises to 15 t per month if the first four months 
of 1988 are excluded (Table 5), thus revealing that plant 
capacity was underutilized by about 50%. 

Management 

IDEAGRO also suffered from management problems. 
When decisions were required at critical times, Centrode IDEAS staff procrastinated. This was partly a function 

of how each viewed the project. While Centro de IDEAS 
personnel assumed an educational posture, IDEAGRO's 
management was profit-oriented. One IDEAGRO man
agement member felt that the main problem was the 
simultaneous holding of top-level positions by some 
staffers at both institutions. This amplified the differen
ces in goals and strategies in the two organizations. 

From May to December 1988, the piant employed
30 workers mostly under Government-sponsored, emer
gency employment work contracts (Programa de Em
pleo de Emergencia). Two other workers were in chargeof marketing and distribution. By the second quarter of 
1990, only six workers were left. 

According to one of the members of the board of 
directors and the manager of the company, the project 
never reached profitability. However, only financial 
aspects of the project can be analyzed. The lack of 
reliable data is due partly to inflation-induced price 
distortions and the absence of adequate reporting during 
the time of operation. IDEAGRO's profits were made 

possible only thanks to the ATI loan in local currency. 
The interest rate for this loan eventually fell below the 
inflation rate, thus allowing the operation to show a 
financial profit on paper. 

Three factors prevented profitability in an opera
tional sense. First, money was lost by giving credit to 
customers, i.e., delays in canceling accounts payable 
meant IDEAGRO had to assume the loss associated with 
rampant inflation. Next, salaries were paid even when 
the plant was not in operation. Finally, prices for 
IDEAGRO's products were not increased at the same rate 
as other prices. 

The company was unable to honor its short-term 
debt for several reasons. First, investments in fixed 
assets absorbed most (75%) of the company's total 
assets. In similar businesses in Peru, this percentage 
rarely exceeds 25% thereby leaving considerable work
ing capital. Some capital was also used to supply credit 
to customers. However, as payments by customers took 
up to two months, these company funds were unavail
able to run (or expand) the operation. 
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Replication and Impact 

The processing facilities have not been replicated to 
date. Farmers, in particular, showed little interest in 
plant replication. According to IDEAGRO staff, this was 
foreseeable from the outset since the project was ori-
ginally conceived as a pilot program, leaving ample 
room for experimentation with different processes, pro-
ducts, and markets. However, replication was neither 
directed nor institutionally oriented. It was rather the 
result of a "trickle-down effect." 

The experience was successful in the dissemination 
and partial replication of equipment, processes, products 
and marketing strategies by processors, equipment 
manufacturers, and retailers. The scale of operations at 
the Centro de IDEAS facility made it an interesting 
alternative for small entrepreneurs with the resources 
and managerial skills to start a business and adopt 
innovations. Thus, at least five companies copied 
IDEAGRO's product presentation and marketing strat-
egies. Three of these companies now supply the same 
supermarkets where IDEAGRO first sold its processed 
products. 

As an outgrowth of the project, wholesalers were 
forced to improve their quality control procedures and 
adopt sales strategies depending on prospects in dif-
ferent segments of the market. Potential plant, process, 
and product replication by farmers was made easier in 
that new products were already being marketed. Equip-
ment manufacturers who built machines for IDEAGRO 
benefited from the experience acqdired through manu-
facturing improved hammer mills. This type of impact 
stopped when the technology development process was 
interrupted. However, in early 1992 IDEAGRO's plant 
was again operating. This time with purchasing orders 
from the local affiliate of an international relief or-
ganization to produce more processed product than 

current capacity permits. Requests for information about 
village-level processing ar have sprung up again, 

Lessons Learned 

The experience with potato processing in Peru gene-
rated lessons in three broad areas: (I) technology; (2) 
marketing; and, (3) finance and management. 

Technology 

I. Actual improvements of existing technologies re-
qiiirc time not only for the transfer of the presumed 
improvements but also to develop new processes 

and products that will respond to changing market 
conditions. Some scientists assumed that the devel
opment of the M6 mix and the construction of the 
plant would mean the technology was ready to use 
(Seminario 1989). IDEAGRO's experience shows 
that a long road lay ahead. 

2. 	 More technical work was required because the re
ceivers of the technology did not possess industrial 
production experience, nordid the transferngagents 
have much experien-e in this domain. 

3. 	 The original design was for a small-scale plant. 
However, such scale of operations proved unprofit
able. Consequently, utmost care must be put in the 
consideration of both economic and technical re
quirements for appropiate plant-size (Alvarez 1990). 

4. 	 Although technological aspects are important in 
this kind of project, they must not become an ab-. 
solute priority and impede consideration of other 
factors.
 

Marketing 

5. Initially the project included only potato products, 
e.g., papa seca, chuno. Later mixes (e.g., M6) were 
developed in which the potato was the most impor
tant ingredient. In the last stage of the project, 
potatoes were only a minor ingredient in the pro
cessed products (Chicolac) being produced and 
marketed. These modifications became necessary 
as changes in the 'rc aad avwiabi!ity of notn.-es 
meant that potato mixes and potato powder for 
soups could not compete with other low-price, pro
cessed products. However, a huge market exists for 
some processed potato products as evidenced the 
growing demand inPeru for french fries and chips.
 

The black box, M6, and IDEAGRO all started with
productionof the product followed by efforts tosell 
it. All three experiences point to the strategic im

portance of thinking about the marketing aspect 

first. Product characteristics and the target market 
segment as well as sources of inputs and marketing 
channels of" processed products must be clearly 
identified at the outset. 

6. 	Market segmentation poses an additional challenge. 

In the case of IDEAGRO, three products aimed at 
three different groups of consumers were intro
duced, though emphasis was placed on the lower 
end of the income scale. This proved too ambitious. 
Projects probably need to concentrate at least ini
tially on one product forone segment of the market. 
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Priority needs to be given to the product capable of 
generating enough profits to get the business going. 

7. 	 IDEAGRO also attempted to influence the supply

side of the process. Procurement of raw material 
was done directly from producers, not from estab-
lished wholesalers. Experience later showed that 
this meant higher costs and unstable supplies (Al-
varez 1990). The plant was built in a farming area 
to be closer to producers. IDEAGRO staff later found 
that easy access to markets, marketing facilities 
(e.g., the Huancayo wholesale market), and chan-
nels were much more effective for procuring sup-
plies. 

8. 	 A marketing program needs to include not only 
buying and selling activities but also advertising, 
package design, and quality control. 

9. 	 The IDEAGRO experience also shows that consum-

ers' 	perceived needs play an important role in pro-
mix 	hadduct development. For example, the M6 mxhdde 

versatility as one of its main attributes. However, 
this led to confusion among consumers who could 
not assign it any specific, clearly defined use. 

Finance and Management 

10. 	 Credit was not a problem for IDEAGRO, but heavy 

investments in plant and equipment generated cash 

flow difficulties. More realistic cost an(, cash flow 
estimates would have helped anticipate, and there-
by overcome, this problem. 

II. 	 The cost of customer credit was high. More impor-
tantly, it was not taken into consideration when 
capital requirements for operating the plant were 
esti mated. 

12. 	 It was not easy for a non-profit organization to 
compete with other well-established businesses. 
Although IDEAGRO eventually adapted to market 
competition, the project would have benefited from 
a priori consideration of this fact by the clear sepa-
ration of responsibilities and staff between IDEAGRO 
and (Centrode ID-AS. 
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Utilization of Sweetpotato For TransparentNoodles 
in Vietnam 

Dang Thi Lan andSarath langantileke' 

Abstract 

A survey was done to study utilization of sweetpotato in Habac Province and Hiephoa district in 
Vietnam. Sweetpotato was found to be the second most important crop in this province and used mainly 
for fermented animal feed and sometimes processed for food especially when other staples were in short 
supply. Important processing methods to utilize sweetpotato were observed and were mostly for the 
production of chips, fermented animal feed and in some cases, limited processing of starch into noodles. 
In general, the major constraint to increased production of sweetpotato was the lack ofutilization processes 
and technques for the edible root. 

The production of transparent noodles was selected as the most promising method of utilization. 
Processing parameters for noodle production on asmall-scale were evaluated by laboratory experimen
tation. The process of liming, or chemical treatment, was the best method to obtain the whiteness in the 
produced tarch, as compared to the method existing in Vietnam. The starch prepared by the existing 
method was dark and not acceptable for making noodles. The experiments to obtain the best processing 
conditions for quality noodles revealed that the optimum pioportion of gelatinized starch to be mixed to 
produce good quality noodles was 30%. The tests of physical parameters on dry, and cooked noodles such 
as whiteness, strand diameter, hardness, WAI, and solids loss indicated that optimum soaking temperature 
and time combinations and the optimum drying temperature and methods were soaking at O*C for I to 5 
hr (or 30*C for 30 minutes), and drying at 45°C (or solar drying) respectively. A sensory evaluation was 
done and the acceptability of quality compared favorably with the physical tests. 

A complete process flow for transparent noodle production, including equipment needs and optimum 
processing conditions for asmall-scale noodle production process was recommended. 

Key words: processing, starch, noodles, small-scale processing. 

Introduction contribution, producing much needed calories. Large 

parts of Asia and the Pacific region, including Vietnam 
Given its ease in cultivation and its nutritional value, have atropical climate which issuitable forsweetpotato 
sweetpotato has heen identified as a crop with great cultivation. The role it can play in the region is immense,rea hutbeeyettiiunexplored.th 

potential to meet the food requirements of the world, but yet unexplored. 

particularly in the tropics. Statistics from, the Food and Although sweetpotato is identified as acrop which 
Agricltural Organization indicate an average produc- has great potential particularly in meeting food require
tion of 128.4 million metric tons from 1986 to 1988, ments of the poor in Asia and in the Pacific region, 
ranking sixth among food crops (FAO 1989). As a f-ood sufficient attention has not been paid to its development. 
crop, it is capable of making a significant nutritional Traditionally, sweetpotato has played an important role 

Head, Postharvest Section. Potato and Vegetable Research Center, Institute for Agricultural Research, Hanoi. Vietnam; and, Stor
age Specialist. CIP. Region VII, c/o Asian Institute of Technology, G.P.O. Box 2754, Bangkok 10501, Thailand. 
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as a foodstuff in mosi of these countries. However, 
sweetpotato has a short storage life, generally less thn 
four weeks, in the tropics. The thin skin of the 
sweetpotato is easily damaged during harvest and 
postharvest handling making the crop highly perishable. 
It is therefore usually consumed soon after harvesting. 

Sweetpotato is traditionally a very popular staple 
crop in Vietnam and the total area under sweetpotato 
cultivation is 4.8% of the total area of food crops. The 
production of sweetpotato equals 9.7% of the total 
production of food crops. Sweetpotato is the third most 
important crop produced after rice and maize. The 
average yield per hectare of sweetpotato in Vietnam was 
estimated at 6 tons, which is lower than yields reported 
for Japan, Korea, and some other countries (Table I). 

Ho and Van der Zaag (1987), presented primary 
information about production and consumption of har-
vested sweetpotato, and reported that sweetpotato is 
widely adapted to all eight regions of Vietnam. Approx-
imately 75% of the root harvest is stored fresh for or. 
month and up to a maximum of three months in the 
home, on the floors or suspended from the ceiling. Post 
harvest slicing and solar drying are done with the re-
mainderof the harvest. The dried chips are stored in clay 

pots for an indefinite period. Hoanh et al. (1990) indi
cated that of the three major constraints to sweetpotato 
production for northern Vietnam, the lack of suitable 
processing technology into popular food products was 
most significant. 

In Vietnam, prduction, marketing, utilization, and 

processing of root crops including sweetpotato are con
sidered as one of the important components in the 
Foodstuff program of the Third Major Economic Pro
gram. Studies made on sweetpotato in Central Vietnam 
include a survey of farmer practices and constraints 
conductedbyKimetal.(1990)thatemphasizestheneed 
to develop new processing methods on a priority basis 
and therefore the need for research on processing of 
sweetpotato into noodles, cracker!;, cake, and alcohol. 

Studies on low-cost technologies for sweetpotato 
processing at the village level in Vietnam by Nghiem 
(1989) revealed technologies that could process fresh 
roots into intermediate products, without the nece-ssity 
of drying the product in the villages. These processed 
sweetpotato products, such as wet starch can be pro
cessed into pure itarch, high quality noodles, bread and 
cakes, starch paper, gluco-synip, chips, and alcohol at 
the household level. A newly developed low cost tech-

Table i. Area harvested, average yield, and production of sweetpotato in Asia and the Pacific. 

Country / Area harvested 
territory (000 ha) 

China 6,371 
Japan 63 

Korea 29 
Bangladesh 51 
India 176 
Indonesia 226 
Malaysia 3 

Philippines 162 
Sri Lanka 12 
Thailand 41 
Vietnam 400 
Papua New Guinea 105 

Asia tHtal 7,593 

World total 9,258 

Yield Production Consumption 
(kg/ha) (000 t ) (kg/person/year) 

17,369 110,660 n. a. 

22,222 1,400 II .4 

25,655 744 17.5 
10,924 558 5.2 
8,241 1,453 1.8 
9,062 2,048 11.8 

11,935 37 2.2 

4,802 778 13.2 
6,250 75 4.6 
8,901 368 6.7 
5,250 2,100 32.6 
4,526 473 132.9 

15,927 120,927 n. a. 

14,081 130,335 n. a. 

Source: FAO Production Year Book 1988; Statistic Indicator For Asia and Pacific 1989. 
n.a. = not available. 
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nology for sweetpotato noodle has been reported, 

(Nghiem 1989). The process is divided into 2 steps: (i) 

starch or flour preparation from fresh sweetpotato roots; 

and, (ii) noodle preparation from sweetpotato starch.
 

Vietnamese people consume large quantities of 

noodles made from rice, white flour, cassava, caita, and 
mungbean. Currently people consume cana noodles 
which have an excellent cooking quality but have very 
low nutrient values and are hard to digest. The develop
ment of noodles from sweetpotato will satisfy the mar-
ket demand for high quality noodles in Vietnam. 

Very little detailed published information and data 

are available on postharvest handling and utilization of 

sweetpotato in Vietnam. Therefore, more research is 

necessary on these important aspects in order to im-

prove the existing processes to upgrade the quality of 

these products. This could be achieved by research on 

better and improved noodle piocessing technologies at
 
different technology levels aimed to suit the socio-eco-

nomiC conditions of the population. 


The overall objectives of the present study were: (i) 
to analyze the utilizatiot: potenial for sweetpotato in 
Vietnam; and (ii) to study existir.g processing methods 
in order to develop a small-scale noodle processing 
system from sweetpota, for a selected district in Viet-
nam. The specific objectives included: a) the study by 
survey of the potential for sweetpotato utilization in the 
Fliephoa district of lahac Province of Vietnam; b) the 
study of a popular transparent noodle making process 
for utilization of sweetpotato which would be suitable 
for adoption within the socio-economic environment of 
a village community of Vietnam; and c, the develop-
ment of a small-scale production system for a selected 
district in Vietnam. 

Methodology 


Survey for Utilization Potential ofwaefo2-hrndcae. 

Sweetpotato 

The study was be made to determine the potential for 
developing the utilization of sweetpotato and to deter-
mine possible markets in the district of Hiephoa. Two 
villages, Maitrung and Hungson were selected and sur
veyed by means of aquestionnaire. 

The important processing parameters for transpar-
ent noodle production, process component flow and the 
existing production and product quality were analyzed 
in detail. mnprovements to the existing systems were 
sought based on the information obtained. The s5cio-

economic aspects of the processing system in the vil
lages and the districts were studied to determine the 
feasibility of introducing new technologies. 

Development of a Noodle Production Process 

The development process was divided into two parts. 
The starch making process came first; and, second was 
the noodle-making process. 

Method of Starch Preparation 

The machine used in the study for grating the sweet

potato consisted of a cylinder made from good hard
wood. Many rows of nails, 6-8 cm long are fixed on the 
wooden cylinder. The nails are made from discarded 
steel cables. The cylinder is turned at a high speed of 
about 3,500 rpm, resulting in a grinder/grater with a 
capacity of about 100 kg per hr. 

Preparation of starch by existing methods in 
Vietnam (Method 1) 

Sweetpotato varietes SP I, SP 2, and SP 3, grown in 
Thailand, were bought from a wholesale market in 
Bangkok. SP I has a red skin and yellow flesh. SP 2 has 
a red skin and white flesh. SP 3 has white skin and 
yellow flesh making starch. The starch was made by 
the method described by Nghiem (1989). The existing 
starch-making process is given in Figure I. 

Preparationof starch by the general method 
(Method 2) 
Another 120 kg of sweetpotato (Sr,1.SP 2, and SP 3) 
were made into starch using the general method, or 
method using lime treatment (Method 2) as shown in 
Figure 2. 

The following steps were used to make the starch: 

S 	Cleaning: fresh sweetpotato roots were soaked with 
water for 2-3 hr and cleaned.
 

* 	 Lime treatment: saturated lime water was used to 
keep the process of grating and sieving alkaline (p-I 
8.6 to 9.2). 

* 	 Grating: 100 kg of fresh sweetpotato were grated 
using the wooden grating cylinder having cable steel 
wires to grate the sweetpotato pieces. 

a 	Separation: the grated sweetpotato was sepa-fited 
using the separator. The separator divided the mate
rial into coarse material and slurry. 
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Figure 1. Method I for making starch out of Figure 2. General method of starch preparation 
sweetpotato. (Method 2). 

Cleaning of the roAt 
Sweetpotato
(fresh roots) 

Grating sweetpotato to fine mass Mixing with 
Cleaning 

Flour 

Isolating the milksap by chemical 
mixture (mix grated sweetpotato 

with chemical mixture solution of 2% 
for 10 in). The level of solution 

should be above sweetpotato Lime 
treatment 

Grading 

Starch filtration throgh a cloth s Separation 

Sedimentation Rinsing 

Drying in an oven at 600C until 
a moisture content of 9 to 10% 

Drying in 
oven at 60'C 
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" 	 Rinsing. the slurry was passed into asedimentation 
contain'r and set still for I to 4 hr depending on the 
concentration of the slurry. After the starch settled to 
the bottom of the tank, water was added into the 
container to rinse the protein. The starch was rinsed 
at least three times in order to obtain a good quality 
noodle. 

* 	Drying of starch: the wet ilour was dried either 
under the sun or in a hot air oven to reduce the 
moisture content to around 9%. In the experiment, 
wet starch was dried in the oven at 60'C. Adehydra-
tor may be used before drying. The water content of' 
starch was reduced to about 40%. 

" 	 Chemical treatment: The starch from SPI, SP2, and 
SP3 was treated by chemicals. The chemicals used 
and the procedure of treatment were based on the 
existing method in Vietnam. Water was added into 
dry starch and the starch slurry was treated with 
H2SO4 until it reached a pHl of 3.5-4.0. The slurry was 
then mixed with KMnO4 solution until a pink color 
appeared. After 5 to 10 minutes, NaHS-03 solution 
was gradually poured into the slurry until it became 
white. The slurry was sedimented in a tank rinsed at 
least 5 times and then dried. 

After chemical treatment, the starch was used for 
measurement of whiteness, chemical analysis, and for 

the production of transparent noodles. 

The quality of starch was assessed in terms of the 
following factors: Whiteness; moisture content; crude 
protein; fat; ash, crude fibre; carbohydrate; and percen
tage starch. 

Method of Noodle Preparation 

The following operational steps wvere used. (Fig. 3): 
was" 	Mixing with gelatinized starch: The starch 

cooked in water until it was gelatinized. This mixture 
was mixed with ungelatinized starch in a Z blade 
mixer fr about 20 min. 

" 	Extrusion, hot water treatment, and cold water 
treatment: After mixing, the starch paste was ex-
truded through astainless steel cylinder having holes. 
Each hole had a diameter of 1.6 mm. The strands of 
the extruded mixture were allowed to descend into a 
hot water bath underneath, maintained at 90-95"C. 
The starch mixture transformed into a ncodle in the 
hot water and was then transferred to cold water for 
20 minutes. 

Drying :The noodle was then dried in the open air 
on bamboo poles or in a hot air oven at two temper
atures until the moisture content was reduced to 
12-14%. 

Study on the Effect of Mixing with 
GOcatinized Starch 

The starch was mixed with gelatinized starch in ratios 
o,40%, 30% and 20%, respectively, then extruded, 
passed though hot and cold water, and dried as outlined. 
Dried noodle samples were kept in an open tray for 5 
days to let the moisture content come to equilibrium. 
Each sample was packed in a sealed plastic bag until 
quality evaluation. 

Quality evaluation was done to select the best mix
ing proportion foroptimum quality. The best gelatinized 
starch ratio was used in further studies. 

Studies on the Soaking Timre and 
Temperature on Qualit" fNoodle 

The starch was mixed according to the best proportion 
of gelatinized starch, based on experiments from above. 
The mixture was extruded, and passed into hot water for 
1.5 min.The noodles produced were divided into twobatches and soaked in water at 30*C and at OC for
sokntieof0h( ecd),5had0hr 
soaking times of 0hr (30 seconds),5 hr, and 10 hr.
 

Studies of Drying Temperature on the 
Quality of Noodle 

Samples was dried at45"C and 60"C in an oven and also 
solar dried. Drying was done until the moisture content 
was in a range of 1 !c14% w.b. The samples were set 
in an open tray for 5 days and then packed in sealed 
plastic bags to maintain the moisture content until the 
test for noodle quality was made. 

Methods for Quality Evaluation 

Evaluation of Dry Noodle 

The dry noodle was evaluated for moisture content, 
diameter; hardness; and water absorption. 

Evaluation of the cooked noodle 

The cooked noodle was evaluated for diameter; water 
absorption index (WAI); th- solid loss; hardness (Back 
extrusion test, Banjong 1986). 
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Figure 3. General method of noodle preparation. For cooking, the noodles were dipped first in boil
ing water for I min and then in cold water. Plain cooked 
noodles were served to the panelists for evaluation. 

The statistical difference among the panel test 

scores for the samples and each effect of quality were 
Sweetpotato 

determined by one way analysis of variance and 
Duncan's multiple range test at 5% significance level.

flour 

Survey on Sweetpotato Utilization 
Mixing withgelatanized The survey was done in Habac Province of North Viet

nam. Habac is a small province in the northern mounflour 
tains and produces a large quantity of sweetpotato, 
ranking third amongst other provinces in the country. 
Habac Province has the highest reported sweetpotato 

yields among all the provinces in North Vietnam, pro-Extrusion 
ducing about 8.5 tlha. Sweetpotato is the major and 
traditional ciop grown in Hiephoa district and is at 
present mainly used for animal feed by simple process
ing such as slicing and boiling. Tile emphasis placed on 

Hot water 	 sweetpotato yields in the survey area indicates the im
treatment 	 portance of the crop as feed for animals and as a main 

staple for human consumption by using it as a buffer at 
times when there is a lack of rice and cash crops. 

Cold water The price of sweetlxotato fluctuates seasonally and 

treatment varies from one region to another. On average, the price 

of one kg of rice isequivalent to the price of 2.5 to 3.5 
kg of sweetpotato. On a starch equivalent basis, the 
sweetpotato is more efficient than rice for the same fixed 

Drying 	 price. The average price for December to February 
1991, was 290-300 VN D/kg (0.042-0.044 US $/kg) in 
the survey areas and the price of one kg of rice was 
equivalent to 4.3 kg of sweetpotato. 

Packing 	 Between 30 and 90% of the sweetpotato roots pro

duced in the surveyed area are used for animal feed. 
Between 10 and 25% is used for human consumption, 
and about 0 to 30% that is left in the househalds is sold 
in the fresh market. Most sales of the sweet )otato roots 
for consumption take place after household needs are 
satisfied. However, at times the roots may be utilized to 
make sweetpotato cakes, but very little is otherwise 
processed. Afew families ferment sweetpotato in order 
that it could be used as animal feed mainly for pigs. 
Some households make alcohol with sweetpotato for 

Sensory Evaluation 	 home consumption. However, cassava is now preferred 
as a base to make alcohol, because of the better quality 

Apanel consisting of volunteers was used to test the dry 	 product in terms of taste .and color. In the survey area, 
and cooked noodle. The questionnaires were evaluated 	 sweetpotato was not used to make noodles. The farmers 
by scaling and ranking methods. For dry noodle, the 	 interviewed indicated that they stored sweetpotato roots 
panelists were asked to evaluate color, clustering, gen-	 on floors and had no special structure for storage under 
eral feel, and the acceptability, 	 fresh conditions. The storage life of sweetpotato is 
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relatively short and not more than three months in the 
winters of North Vietnam, so the problems of process
ing and storage of sweetpotato have been identified as 
important factors to be addressed for future develop
ment of sweetpotato production and utilization. 

All farmers interviewed indicated that the major
constraints to efficient sweetpotato production and 
postharvest handling systems are the lack of proven
processing technologies. In this instance, the estab
lished methods for processing the roots into sweetpotato 
cake, alcohol, and fermentation of roots for animal feed 
should be improved and the manufacturing processes 
for noodles and other, value added food products shou'd
be explored. 

Status of Transparent Noodle Making 

A large quantity of noodles of varying kinds, including 
transparent noodles, are consumed in Vietnam. Some 
surveys in Vietnam have estimated that the average 
quantity of all different kinds of noodles consumed is 
12-20 kg/capita, annually. Among the noodles con-
sumed, the transparent nood3 (or glass noodle) is the 
traditional dish which is consumed in most impcrtant 
domestic functions such as weddings, and New Year 
celebrations. In North Vietnam, the biggest market for 

transparent noodles is in Hanoi and traditionally many 

noodle production units in villages situated around
 
Hanoi supply the city with noodles. Some villages spe
cialize in processing flour into starch inorder to supply
the noodle processors. 

The production of transparent noodles was studied 

in Cuda village which specializes in noodle production.
 
About 70% of the families are involved in the produc
tion of transparent noodles. The production of starch
 
was also studied in Tanhoa village, in the Hoaiduc 

district of Hanoi Province, situated about 20 km from
 
Cuda. 

Almost all the commercial transparent noodles found
 
in the market are made from cana flour; only a small 

proportion is made from mungbean. The production of
 
transparent noodles from cana starch is about 60-70% 
lower in cost, than if mungbean is used as the raw 
material. Processing issmall scale, and the noodles are 
handmade, resulting in non-uniform quality. Producing 
transparent noodles from cana involves 2 steps. These 
are the initial starch production from cana root and then 
the conversion of the starch into noodles. (Fig. 4). 

Although most of the commercial transparent noo
dles are made from cana starch, there are some con-
straints to producing such noodlcs. The nutritional 

Figure 4.The production process for cana noodle. 

Treatment of the starch 
fOr whiteness 

gelatinized (5%) starch 

Making round elastic starch sheets 
of 0.6-0.9m in diameter by

steaming the cloth 

Expanding round starch
 
sheets to 0.9-2m
 

First solar drying of
 
starch sheets on bamboo screen
 

Cutting inlo strands (I -2m long)
 
using acutting machine (40kg/h)
 

Final solar drying of noodles
 

Packing 

quality is low and the noodles are stodgy. Due to the 
increasing demand for transparent noodles, estimated to 
be about 45,000 t per year, it is necessary to find other 
.;ources of raw materials for their production. If the 
noodles are produced from mungbean, the quantity of 
raw material required would be 250,000 t per year. 

Some farmers have experimented with making 
transparent noodles from potato and have obtained noo
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dies of good quality, but the cost of production is high 
(i.e. the same as for mungbean noodle). These experi-
ments were therefore not practical since the price was 
not competitive in the market. 

Many scientists have looked for other methods of 
producing transparent noodles using cheaper root starch 
such as cassava and sweetpotato. This is especially true 
for swee.pntato, which can be supplied all year around. 
Initially, transparent noodles were made from cassava 
starch. This was a research activity of the Post-harvest 
Technology Institute in Hanoi as well as some other 
institutes. Characteristics of transparent noodles pre-
pared from cassava, cana, and swcetpotato are com-
parised in Table 2, which confirms that sweetpotato 
starch is suitable to produce transparent noodles. 

However, there are some difficulties associated 
with the production of transparent noodles with 
sweetpotato. Firstly, sweetpotato starch isdifficult to be 
extracted because it is difficult to separate the milksap 
from the starch. Due to this the sweetpotato starch has 
a dark grayish color after extraction. Secondly, the 
sweetpotato noodle is weak aftercooking and isdifficult 
to be formed into starch sheets after semi-drying. 

Although research had been done on the possibility 
of"making transparent noodles from sweetpotato, stir-
vey results indicated that transparent sweetpotato noo-
(lies were not available in the market. The strvey in 
Cuda village showed that some scientists had asked 
volunteers to experiment with making noodles from 
sweetpotato, instead of cana. However, this process is 
still not accepted by farm processors, since this technol-
ogy has still to be improved 

One difficulty is to get white sweetpotato starch, 

even if chemical mixtures :re. used for separating the 
milk sap. The same chemical used to make white starch 
from cana starch is needed for this purpose. However, 

there is little information on refining sweetpotato starch 
to a high quality white color. 

At the National Institute for Agronomic Sciences 
(INSA), scientists have suggested that the former tech
nology of making cana transparent noodle should be 
modified for sweetpotato by using a chemical mixture 
which separates milksap prior to extracting the 
sweetpotato starch and to add aluminum sulfate to in
crease the strength of the noodle after cooking and also 
to increase noodle elasticity. The INSA study concluded 
that the cooking quality was better than that of cana and 
cassava noodle. Production costs for sweetpotato noo
die is only 60% ofcana noodle. 

The starch sheets after steaming are more elastic 
than cana starch, but cannot be removed from the ban
boo screens easily and then cut afterwards. The sticki
ness that causes difficulty in removing the sheets from 
the bamboo screens could be reduced by mixing at least 
30-40% cana starch into sweetpotato starch before the 
noodles are made. A further constraint in the use of 
sweetpotato is that unlike with caria there are no con
st .nt supply networks of sweetpotato starch to noodle 
processors. The effects of processing and market ac

ceptability of transparent noodles from sweetpotato 
have to be carefully studied. The survey therefore con
cludes that it is necessary to improve starch production 
from sweetpotato to the level that when sweetpotato 
starch istransformed into transparent noodles, the prod
uct should have a transparent appearance with a white 
color. 

Experiment on Noodle Production 

Mehods of Starch Preparation 

Farmers in Vietnam prefer no! to use sweetpotato flour 
to make noodles because of the difficulty in obtaining 
white color starch. Lime is still not used to obtain white 

Table 2. Evaluation of characteristics of different transparentnoodles. 

Characteristic Cassava Sweetpotato Cana 

Tenacity after 15 
min coxking 
(kg/cm 2 ) 

4.9 7.8 7.4 

Dry matter lost 
after I hr of cooking 
(cj 24-30 3-5 3-5 
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sweetpotato starch. For whiteness, chemical treatment extruded, passed through boiling water for 1.5 minutes, 
is used. This treatment is costly and the effects of then transferred immediately into cold water at 30"C for 
chemicals on health are still unknown. about 30 minutes to I hour and dried in aoven at 45*C. 

in this study, sweetpotato starch was first prepared Quality tests indicated that apaste ratio of 30% was bestfor making noodles. The paste was prepared at 56-58% 
Method i, which uses a chemical mixture described fomaigndlsThpstwspraedt5,-8byby Mehoi which us. amoisture content. In order to gelatinize the paste, the 

by Nghiem(191). amount of water needed was 3 times that of flour 

The starch prepared by Method 2 had a lime treat- resulting in a moisture content of9-10%. If the moisture 
ment, and is described as the gener.1 method. This content ofpaste is low, it is difficult to extrude the paste. 
method did not affect the chemical composition of If the moisture content of the paste is high, the noodle 
starch. However, the whiteness of starch extracted by strands become weak after being extruded into the boil
different methods was significantly different (Table 3). ing water. 

The results showed that the whiteness of the starch Results revealed that the diameters of the dry noo
dles varied significantly and the diametersthan after treatment (Fig. 5). increasedwith increasing percents of gelatinization. The proper
ties of cooked noodles indicated that the diameter of 

Determining Optimum Gelatinized starch cooked noodles was significantly different than the dry
Mixture noodle for the different gelatinized treatments. Noodles 

made of 30% gelatinized starch were observed to have 
The sweetpotato starch was mixed with i-elatinized the best quality, with a minimum -,veiling ratio, solid 
starch in ratios of 40%, 30%, and 20%. The pastes were loss, WAI, and hardness. 

Table 3. Whiteness and chemical composition of starch.2 

Material Whiteness Protein Fat Ash Fibre Carbohydrate 

Starch
 
of chiemdau
 
VN (method 1) 70.5 1.42 0.04 0.18 
 0.46 98.90 

Starch of SPI
 
TI. (method I) 
 75.Ob 0.56a 0.12a 0.15a 0.37a 98.8a 

Starch of SPl
 
TL (meth, d 2) 95.7a 0.54a 
 0. 16a 0. 13a 0.48a 98.69a 

Starch of SP2 
11. Ometh d I) 76.Ob 0.50a 0. 1Oa 0.1 3a 0.50a 98.77a 

Starch of" SP2
 
TL (method 2) 
 97.6a 0.49a 0.1 la 0.1a 0.54a 8.76a 

Starch of SP3
 
TL (method I) 75.2b 
 0.43a 0.13a 0.09a 0.51a 98.84a 

Starch of SP3
 
TI (method 2) 92.5a 0.38a 0.71a 
 0.1 la 0.l6a 98.64a 

"Values in the samc column followed by !he same letters are not significantly different (P>0.05). 
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Figure 5. Effect of chemical treatment on whiteness of starch. 
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Methods of Starch Preparation to Test At a soaking temperature of 30"C, the strands of 
Optimum Processing Conditions noodle became weak and broke easily while being taken 

out from the water and dried. However, the strands did
Three starch preparation methods were used to make not break when the soaking time was about 30 mi to 

starch from a Thailand variety of swectpotato S1 I, I hr. The noodles soaked in 0"C water had stronger 
(similar to the Vietnamese variety in all properties), in strands and could be easily removed from the soaking 
order to test for the best processing conditions using the water for drying (Table 4. 
optimum 30(1( gelatinization. The starch was prepared 
hy Method I (before and after chemical treatment) and The soaking temperature significantly affected the 
also by Method 2 using lime treatment. The pastes were appearance of dry noodie,. At a s,',kinp temperature of 
extruded and soaked and then immediately dried as O'C, the dry noodle became transparent, and increased 
before, in transparency with an increase in soaking time. But if 

the soaking time was more than 10 hrs, the noodles 
The indices of quality were not significantly differ- became curly and were not acceptable. 

ent, indicating that the methods of starch preparation 
does not have any effect on the quality indices of dry The difference in the final moisture content of the 
and cooked noodles. However, the whiteness of the dry noodle was not significant and was assumed to have 
noodles was significantly different, no effect on the measured quality parameters. The dif

ferences in diameter of the noodles for all treatments 
Processing Conditions on Noodle Quality were not significant. 

The different processing conditions studied were soak- The diameter of the cooked noodle was signifi
ing times. ,oaking temperatures, drying temperatures, cantly different to that of the dry noodles. The solid loss 
and methods of drying. The proportion of gelatinized and WAI were similar to the dry noodles. The hardness 
flour for making noodles was 30"/(. of cooked noodles decreased with an increase in ten

perature. At soaking temperatures of 30°C and asoaking 
The starch was made by Method 2. The extruded time of <I hr, the hardness was lowest. The maximum 

noodles were iransferred into water of'0C and 30'C for hardness of noodle was achieved when the noodle was 
soaking at less than I hr. 5 hr,and 10Ihr and then dried soaked in cold water at ()C.The best quality noodles 
at 45'C,6(0C or in the sun. were observed when the soaking temperature was 0"C 
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Table 4. The effect of soaking temperatureon the noodle-making process. 

Temp. Time Consistency of noodle 
.C hr strand after soaking 

in water 

<1 Elastic, easy to dry 

30 5 A little weak, 


difficult to dry
 
10 Very weak, 


difficult to dry
 

<1 Elastic, easy to dry 

0 5 Strong, easy to dry 


10 Strong, easy to dry 


and the noodle strands were kept for a less than I hr 
treatment. 

The consistency of the soaked noodle strands for 
the different soaking times was different. The consis-
tency of the noodles soaked for <I hr at room temper-
ature was elastic, and the noodles were easy to dry. 
However, the consistency of strands was weak if soak-
ing was for 10 hrs. When strands were soaked for <I hr, 
5 hr, and 10 hr at 0'C, the strands were ;trong and easy 
to dry. However when soaked for 10 hr. O"C, curly 
noodle strands were obtained and were not acceptable. 

For asoaking time of < I hr at 30°C, the dry noodle 
was more cylindrical than the other treatments. All 
soaking treatment times resulted in dry noodles havir.,, 
a cylindrical shape which is important in commerci I 
appearance and acceptability. 

The best quality noodles were observed for a OC 
soaking treatment, at all soaking times. There was no 
significant difference in solid loss, WA!. and hardness. 
The swelling ratio of the 0*C. 10 hr treatment was 

greater, but the hardness was lower. For the 30"C treatmeta soaking tm f<hrgvtebstqaiy 
ments, toinime of <i hr gave the best quality 
indices of minimum swelling ratio, solid loss, and hard-
ness. 

The swelling ratio best indicated the interrelation-
ship between dry and cooked noodle. The lower the 
swelling ratio, the better the quality of noodle. The 
O*C water temperature and soaking for <1 hr and 5 hr, 
and soaking in 30'C water for <1 hr gave the lowest 
swelling ratio, indicating the best quality among all the 
samples. 

Form of noodle Transparency 
strand after of dry noodle 

drying 

A little flat Yes 
Flat Little 

Flat Little 

Round Yes
 
Round Yes
 
Round, Yes
 
a little curly
 

The noodle samples from the different soaking 
times and temperature treatments were dried in an oven 
at 45"C and 60'C, as well as in the sun. There were no 
significant differences among the quality indices such 
as moisture content, diameter, hardness, and WAI, ex
cept for the sample soaked at 30"C for 10 hr. 

For the cooked noodle samples, the solid losses 
were greater at drying temperatures of 45°C and sun 
drying. These losses were greater than that experienced 
at 60'C in the earlier experiments. The hardness mea
sured by the back extrusion method for all treatments 
revealed that noodle samples dried at 45"C were softer 
than those dried at 60°C or sun dried. Higher drying 
temperatures were observed to have an inverse effect on 
the quality of the noodles. 

Sensory Evaluation of Noodle 

Quality 

Mixing portions with gelatinized starch 
The color and clustering of strands of dry noodles were 
not significantly different among all treatments. The 
noodles consisting of 30% gelatinized starch w.2re the 
best in appearance, general feel, and acceptability. The 

cooked noodle prepared from starch of 30% gelatinized 
were better than noodles with 40% and 20% gelatinized
starch. 

Quality affected by methods of starch 
preparation 

The clustering of strands of the three dry noodles were 
not significantly different. All quality indices of dry 
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noodles from starch of Method 1, after chemical treat-

ment and starch from Method 2 were not significantly
 
different. Noodles prepared from starch of Method 1, 

before chemical treatment hza1rorer appearance, color, 

general feel, and acceptability. The computed accepta
bility test indicated that panelists did not accept noodles 

made from starch without the chemical treatment. This 

is the existing method of starch preparation in Vietnam. 


Cooked noord!es prepared from starch extracted by 

Method I (after chemical treatment) and that from 

Method 2 had no significa it differences. Noodles
ex rac e~l bycookhd f om tar etho I wit outThe

etrate:1by Icookd foinstarh ethd WitO~t
chemical treatment',, had low ;cores for color, appear-
ante. clustering and acceptability. 

Quality as affected by soaking temperature 

The dry noodles soaked at 30"C for <1 hr had lower 

scorcs for appearance, general feel, and acceptability in 

coripari!;on with noodles soaked at 0°C for <1 hr. The 

computed and total acceptability values showed that tle 

paneIlist accepted noodles soaked in water at "(Cfor 

<I hr, 5 hr. and It) hr and at 30'C for <I hr and 5 hr.
 

The cooked noodles soaked for ten hours showed 

significant differences at water temperatures ofOC and 

30 C. The panelists did riot accept noodles soaked at 

30MC for 10 hr. The total acceptance was highest in the
 
case of soakine times of 5 hr at 0*C. 


Quality as affected by soaking time 

Th-- quality indices of dry noodles, soaked at 0,C for 
<1 hr and 5 hr were vciv high. Soaking for 5 hr was 
found to be best amongst all samples at this temperature. 
Th! noodles soaked at 30'C for 10 hr had lo", scores 
for appearance, color, clustering, general feel, and ac-
ceptability. 

There was no difference in total acceptance, for 
soaking times of <I hr and 5 hr for cooked noodles. The 
panelists preferred the noodles made after 5 hr of soak
ing at 0"C and did not accept the noodles soaked at a 
water temperature of 30'C for If0 hr. 

Quality as affected by drying temperature 

The effects of drying temperature were not statistically 
different for all cooked noodle samples dried in the oven 
at 45'C, as well as those that were sun dried, at soaking 
temperatures ofOC and 30'C for soaking times of< I hr 
and 5 hr. The cooked noodles that were dried at 60'C 
had lower scores for appearance, acceptability, total 
acceptability and color. 
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Selection of Optimum Parameters 

for the Total Process 
From the results of the experiments, the most acceptable 

combination of processing conditions for transparent 
noodle production were from starch prepared by the
lime treatment method. If the method existing in Viet

treatment Iei e mh esin i tnam is used, chemical treatment is necessary prior to 

starch production and therefore it would also be neces
sary to test the effect of the chemical clinically. 

paste with 3(1% gelatinized starch is the opti
mum composition for making transparent sweetpotatommcmoiinfrmkn rnprn wepttnoodles. The acceptable processing conditions are soaking at 30"C for 30 minutes or soaking at 0"C from 30 
minutes to 5 hr. If additional transparency is required, 
soaking at O"C is optimum. The transparency of noodle 

increases with an increase in soaking time at this tem
perature. The noodles shuuld be dried in the sun or in a 
drier at atemperature of 45°C. The best combinations of 
process conditions are shown in Figure 6. 

The equipment required for processing are: 

a) A grating machine 

b) A separator or filtration by cloth 
c) A cement tank for natural sedimentation of starch 

d) A mixer or mixing manually 

e) An extrusion machine 
f) An aluminum xt and cooker for boiling water 

g) A tank for soaking with cold water 

The flow of" equipment requirements and an ap
proximate cost comparisons between sweetpotato noo
die and the cana noodle is given in Figure 7. 

Conclusion 

Of the utilization processes surveyed, the production of 
transparent noodles had the highest potential as a food 
product. The production of transparent noodles was 
therefore studied in detail, in order to determine opti
mum processing conditions to produce acceptable 
quality noodles. Criteria such as soaking time and tem
perature, drying temperature as well as methods of 
starch preparation were compared. Parameters such as 
whiteness, diameter, water absorption, solid loss, and 
hardness were considered for both dry and cooked 
noodles. The following conclusions were made based 
on the study. 



Figure 6. Process flow for the best combination of proicess conditions for sweetpotato noodle as obtained 
from the experiments. 

Starch prepared Starch prepared 
by method 1 with with liming 
chemical tratment from method 2 

Starch for making noodies 

Noodles of 30% 
gelatinized 

starch 

Soaking at 0C 

<Ihr 5hr 

Drying undersun 

I) Commercial transparent noodles are made of cana. 
The major c,,nstraint to increased sweetpotato produc-
tion is the lack of processing technologies, 

2) Sweetpf tato starch can he prepard by two methods. 

The starch prepared from the existing melhod in Viet-
narni does t give acceptahle whiteness to the noodle 
and the starch has to he treated with chemicals ti in-
crea:.e whiteness. I.iming was used to keep the p1l of 
starch slurrv t abomt 8.0 - 9.2 during tht .rating and 
separation processes. The starch O' this method had the 
highest whiteness, 

3) The mixing of gelatinized stam-h with raw starch in 
the proportion (f"30/( and 70% on dry weight basis was 

Soaking at 30TC 

<Ihr 

Drigat4C 

the optimum mix to give best quality noodles. The 
mixing of starch for 15 to 20 minutes with gradual 
addition of water appeared to be adequate for experi
mental preparations. 

4) A soaking treatment following strand formation in 
boiling water was essential to give atransparent appear
ance. Soaking in water at 0°C resulted in best quality 
based on color, hardness, diameter, WAI, and solid loss¢ 
of both dry and cooked noodle for soaking periods of' 
301minutes to 5 hr. However, soaking at 30'C could also 
be done provided the soaking period is limited to I hr. 

5)The noodles should bedried gradually and the drying 
temperature should not exceed 450C for maintaining 
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Figure 7. Flow of equipment requirements and use for making noodles. 

Process 

Swpo 

Grating machine 

Eqipnftarh 
drying of starchstarch 

Dry 

Hand mixing or 

machine 

Tank for soaking 
with cold water 

Bamboo or plastic 
screen for drying 

TraspaentnoolesTransprent fles CEstimated 

Udong (d) 6,900 = US$ 1.00. 
M.C. = Moisture Content. 

SweetotaorootCost of cana 400d/kga 
Cost of sweetpotato 300d/kg 

0 Separator 

Cement tank for
sedimentation 

starc 

Cost of cana starch = 400d/kga 


Cost of sweetpotato starch = 3,OXO/kg 


Hd xg Extrusion machine 

Boiling water 
and container 

Cost of cana noodles = 7,O(X)d/k"
cost of swcetpotato 

noodle = 5,800d/kg 

Conversion factor 

5 to 8 kg 

Ikgofdry sach] 

8% M.C. 

kg ofnoles 
12-14% M.C. 
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optimum qu.ality. The final moisture content of dried 
noodles ranged from 12 to 14% on a wet basis. 

6) The conversion factor of fresh root to noodle was: 

5 - 8 kg of fresh sweetpotatoes roots 

= I kg of dry starch (8 -9 % MC) 


= I kg of noodle ( 12- 14% MC) 

7) The process flow and equipment requirements for a 
small-scale production process were determined based 
on the experimental procedures. 
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VI. Expansion into Commercial Production
 

When a pilot plant becomes technically and economically viable, decisions must be made 
whether and how to expand to full commercial operation. These require consideration of a variety 
of factors including tile social objectives of the enterprise, raw material supply, market require
ments, economic anaiyses, and credit. This section begins by reviewing these and other elements 
to be taken into account when contemplating expansion into commercial production. A series of 
questions or issues to be resolved are outlined, for each with the aim to provide flexible, but 
systematic guideline for the principal points to be addressed at this stage of new product and 
process development. The section also provides three illustrative examples from different parts
of Africa each involving a different commodity. The use of dehydrated potato flour in Kenya is 
one. Another focuses on commercial viability of small-scale product and processing operations
for cassava in the Congo. The third case involves private sector invo!vement in the development
of a convenient, tasty substitute for pounded yam in Nigeria. As expansion into commercial 
production completes the product development process, the section inc!udes a case study from 
the Philippines that describes a number of new processed products made from sweetpotatoes
and the technology transfer process associated with each. The paper concludes with a brief 
synthesis of the lesscns learned in this instance. The section concludes with an assessment of the 
impact of product development in the case of cassava drying plants in Colombia. The Latin 
American experience may also provide useful ideas for African scientists, enterpreneurs, and 
policy makers. 

As Christopher Wheatley points out in his review of the Commercial Expansion Phase, a 
number of aspects need to be considered carefully as the basis for deciding whether and how to 
expand operations of a pilot plant to that of a regular business enterprise. Wheatley enumerates 
these factors, then sets out specific issues to be resolved in relation to each. For example, in the 
case of raw material supply,he notes that it isnecessary to identify actual and potential production
regions, contact farmers' groups to ensure an adequate supply, and study competing markets to 
determine whether the price to be paid for raw material is sufficient to interest growers. Wheatley
also notes the need for monitoring and evaluation of the commercial operation. The set of ideas 
presented are intended as a useful aid for successful processing of roots and tubers at the 
commercial level. 

Wheat flour is utilized in many food items in Kenya. However, if current trends continue, 
over half of national wheat requirements will be imported in the near future. In Use of 
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Dehydrated Potato in Composite Flours: A Case Study of Potato Flour in Kenya, Jackson N. 
Kabira explores the feasibility of milling raw potato slices dried by on-farm solar dehydration 
and blending the flour with various types of cereal flours. Results indicate that potato flour can 
substitute for other flour up to 20% in commercially baked bread and to 40% in home-baked 
products. Kabira then suggests that this substitution could be economically attractive if govern
ment price supports for imported grains were to be modified so as to be less prejudicial to locally 
produced products. 

As urbanization accelerates at a breakneck pace throughout much of sub-Saharan Africa, 
innovative initiatives are increasingly needed so as to satisfy the mushrooming demand for food 
by low-income, urban consumers. In Peri-urban Farming Syster.: and Food Processing in the 
Congo, J.Brochier, G. Boukambou, 0. Legros, and S.Trhche describe product development efforts 
to encourage citv dwellers to get into small-scale production and processing of cassava. The 
authors present preliminary findings from 20 such nearly established farming/processing 
enterprises set up near Brazzaville. Among the products produced are cassava bread and 
cassava-based mixed flour for infant food. 

Private sector involvement in product development of root and tuber crops is increasingly 
evident in developing countries. J.S.T. Bogunjoko describes one such African experience in his 
paper on Research and Development into Commercial Yam Processing in Nigeria: Cadbury's 
Poundo Yam. Although yam is a staple food crop, preparation of traditional pounded yam is 
very laborious and time-consuming. Hence, Cadbury Nigeria set about developing a product 
that could serve as a tasty and convenient substitute. As Bogunjoko indicates, the Cadbury 
experience highlights the need to satisfy both consumers' tastes and preferences as well as 
packaging and pieparation-time requirements. 

A variety of processed sweetpotato products for human consumption have gained 
widespread popularity in many parts of Asia. In Development and Transfer of Processing 
Technologies fo, Sweetpotato in the Philippines, Truong Van Den presents the Philippine 
experience. He begins by describing the technical aspects of new products made from sweet
potato including catsup, candy, jam, and a beverage. le then goes on to analyze the three modes 
of technology transfer, i.e., direct transfer, exclusive contract, and non-exclusive contract. In 
conclusion, Tnuong enumerates some key lessons learned so as to accelerate the technology 
transfer process including a rigorous evaluation of a product's commercial potential before 
transfer to end-users and creative procedures for information dissemination. 

New types of cassava proc'_ssing and product dcvelopment have expanded into commercial 
operation in a number of countries in Latin America in recent years. In Adoption, Modification 
and Impact of Cassava Drying Technology: The Case of the Colombian Noith Coast, Guy 
H-lenry describes the model on which these activities were originally based including the process
ing techniques, marketing patterns and social organization of ti e drying plants. The impact of 
these developments on cassava production and utilization, as well as the associated benefits in 
the form of improved farm incomes, employment generation, and foreign exchange savings, are 
also docunirnted. Such experience may well provide useful lessons for similar efforts with 
cassava or other root and tubers currently being planned or already under way in Africa. 
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Commercial Expansion Phase 

ChristopherWheatley 

Abstract 

Commercial expansion of pilot processing facilities requires attention to various considerations includ
ing: social objectives, the nature of the market for the processed product, site selection, raw material 
supply, product promotion and distribution, and credit, as well as monitoring and evaluation. This paper 
examines these and other factors involved in developing commercially viable processing enterprises
intended to be operated by small farmer associations, or small rural or urban entrepreneurs. Specific issues 
related to each factor are also treated in some detail with examples cited based on the author's professional 
experience. The integration of technical, economic, and organizational components is stressed throughout 
the review of this process. 

Key words: processing, roots and tubers, developing countries, small farmer associations, markets. 

Introduction 

When the operation of a pilot plant reaches the point at 
which it has become economically and technically 
feasible, a decision must be made whether or not to 
expand to a fully commercial scale. A number of aspects 
need to be considered carefully as a basis for making 
this decision include: social objectives, the nature of the 
market including demand estimates, product packaging 
and promotion, raw material supply, distribution chan-
nels, administrative capability, economic and financial 
analyses, and financing the expanded capacity. 

Social Objectives 

When designing the commerciil expansion phase, the 
social objectives of the project and any inherent con-
straints that can affect these should be borne in mind. 
Primary processing of root and tuber crops needs to be 
done at the rural level, either as cooperatives, associa-
tions, or small business ventu,-es. This means that ex-
panding from apilot to a commercial scale will involve 
the formation of several plants rather than one or two 
large ones. 

The actual distribution of the products, or any sec
ondary processing that may be required, could be done 
by a special enterprise located near large urban markets 
or could be done b,' a second-order organization. 

The formation and consolidation of these rural enter
pnses is a relatively slow process, which is complicated 
by the fact that the legal registration of these groups 
entails bureaucratic processes that can take considerabie 
time and effort to complete. Moreover, the adminis
trators, who generally have limited formal education, 
may have difficulties in completing these steps on their 
own. Without legal status, it is practically impossible to 
receive credit, which can act as a significant deterrent 
to rapid expansion of demand for the product unless 
measures are implemented to facilitate this process well 

in advance. 

It is usually difficult if not impossible for small 
farmer groups to obtain credit, not only because of their 
legal status but also because of their lack of (or poor) 
crrdit history. In many countries, a coop or association 
cannot be incorporated as a legal entity unless all mem
bets have a title to their land. Where tenure rights have 
neverbeen legally regulated, as is typically thecase with 
small root and tuber farmeis, this is a major limitation. 

Processing specialist for sweetpotatoes for Southeast Asia, International Potato Center (CIP), c/o CRIFC, Jalan Merdeka 147. Bogor 
16111, Indonesia. 
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This situation becomes even more critical if landless 
members are included because they have no land and 
are therefore considered too risky to fund. Throughout 
the Third World, a need exists for an institution spe-
cializing in granting credit to these groups or one that 
can provide surety or guarantees to the regular credit 
agencies. This issue must be addressed in the project if 
it is to reach a commercial expansion phase and if 
benefits are to reach the target groups-the small farm- 
ers and landless laborers. 

Nature of the Market 
Roots and tubers have a wide variety of end uses includ- 
ing human consumption, animal feed, and industrial 
uses. The type of market affects the quality of raw 
materials required, marketing strategy, and financing 
requirements. 

Industrial Markets 

The number of potential industrial clients in a country 
is generally relatively small; thus it is feasible to estab-
lish personal contact with most of them. Typically, 
decisions it)purchase a new product are made by com
pary purchasing agents who take into consideration 
price, quality, ,:ontinuity of supply, and competing pro-
ducts. Since demand is relatively easy to estimate, market 
testing is not u'ually required, and large-scale product 
promotion is not needed. In some cases industrialists 
may not be aware of the advantages of using root and 
tuber products and it may be necessary to provide 
samples so that they can test them first. 

Once the demand has been established, projections 
have to be made as to: 

" 	 the association's or coop's capacity to meet tiat 
demand: 

the industry's quality and packaging requirements, if 

any: 
* 

" 	the possibilities of' establishing contracts or pricing 
agreements, and, 

* 	 the terms of payment (this is critical for determining 
cash flow requirements). 

The root and tuber processors can normally handle 
marketing and distrihution aspects themselves. Care 
needs to hLtaken to program product supply realistical-
ly in order to avoid entering into agreements that cannot 
be met. Product supply can be gradually increased to 
meet unfulfilled demand and to take on new clients. 

Consumer Markets 

This type of market is much more complex and requires 
significant testing of consumer demand before a realis
tic marketing strategy can be developed. Consumers' 
decisions to purchase are not always taken on a logical 
basis. Rather, factors such as product image and sensory 
stimuli can have more impact than nutritional value on 
the final decision to buy. Advertising plays an important 
role in promoting that image. 

Product distribution is also much more complicated 
because purchasing habits diffir significantly among 
social strata and also depend on location of the residence 
relative to access to the retail outlet. 

The foregoing is made much more complex when 
one considers the numbers involved and the problems 
inherent in trying to characterize the "typical" urban (or 
rural) consumer or retail outlet. Surveys must be con
ducted, organoleptic tests run, and amarket plan devised 
if it has been shown that: 

0 the product meets an identified need of consumers; 
e packaging (size and appearance) is acceptable; 

* 	there appears to be good intent to purchase at a given 
price; and, 

diribs aretaler 
margins acceptable. 

Consumer awareness of a new product does not just 
happen. In order to make consumers aware that a pro
duct exists, let alone inform them of its advantages as 
compared to those of the competition, requires substan
tial product promotion. A campaign to promote con
sumer products emphasizes prize, convenience, quality, 
uses (e.g., recipes), nutritional value, and where it can 
be purchased. When the decision is made to implement 
such a campaign, the association or coop must be sure 

that it is capable of fulfilling that demand. Creation of 
unfulfilled demand for a consumer market is a costly
error, besides being frustrating for a consumer who 

cannot find an advertised product. This situation can be 
avoided by: 

* 	ensuring an adequate raw material supply: 
* 	 maintaining sufficient product inventory to meet ex

pected demand; 
* 	expanding promotional activities in accordance with 

* 	monitoring distribution channels. 
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If the product is to reach a significant number of 
consumers, it must be made available through a cor
responding number of retail shops or markets. This 
implies the organization of an efficient distribution net-
work that covers the target markets adequately. Given 
that farmer associations or ,-oops are located in rural 
areas and that product distribution will most likely focus 
on urban markets, the logical option is to create a 
separate service operation. The skills required to run a 
distribution business are quite different from those neededto process roots and tubcrs. 

The Market Plan 

Prior to initiating commercial-scale activities, a market 
plan should be prepared taking into account the factors 
indicated at the beginning of this paper.This plan should 
integrate the following aspects: raw material supply, 
processing operations. nackaging and other operations, 
product distribution, and promotion. The result is a 
series of planned activities aimed at reaching specific 
markets or profit targets based on estimates of percent 
market share, geographic distribution, and rates of return. 

Site Selection 

The pilot plant typically is located at the best possible 
site in order to maximize its potential for success. In 
order to expand the number of plants, these may have 
to be located at sites that are not so favorable. At the 
same time, the experience acquired in constructing and 
operating the pilot plant may have modified some of the 
variables for selecting the plant site. At this point, it 
should be possible to identify the more important points 
and those that are not so critical in order to establish the 
minimum rather than the optimum conditions for locat-
ing a plant. For example, the availability of electricity 
and water may be necessary, but the existence of or-
ganized and well-consolidated farmer groups may not 
be since this can be dealt with during the construction 
of the pl nt. In some cases, it may not be necessary to 
have large quantities of roots and tubers available for 
processine if the plant is able to offer an attractive price 
for fresh roots and tubers, which would be sufficient to 
motivate farmers to plant more roots and tubers for sale 
than ftor on-farm consumption, 

Raw Material Supply 

In order to make an accurate estimate of the availability 
of'raw materials within a reasonable distance from the 
processing plant, it is necessary to: 

9 identify actual and potential production regions; 

e identify farmer groups in each region which are 
interested in ensuring an adequate supply (quantity 
and quality) of raw materials and who may be inter
ested in participating as primary processors; and, 

e study competing markets to ensure that the price that 
can be paid for the raw materal is sufficient to 
motivate farmers to sell to the plant. 

Where there is a competing fresh market for roots
and tubers, an effort should be made to obtain data on 
historical prices to identify seasonal patterns. The crea
tion of a new market for a root or tuber crop should act 
to stabilize prices. 

Given that roots and tubers are highly perishable, it 
is critical to take seasonal factors into account. Is it 
economically feasible to store fresh product for later 
processing? Or, will the plant have to operate only 
during harvest periods? Moreover, if the process invol
yes sun drying of the raw material, climatic variables 
also need to be studied to ensure that the dry seasoncoiciessitthavetttmesExerencpieLainAmeic 
coincides with harvest time. Experience in Latin America 
suggests that planting and harvest times, as well as dry 
season months, can be highly variable, even within one 
region of a country. It is not safe to assume, therefore, 
that the conditions at the site of the pilot plant can be 
extrapolated to the whole region. An important step in 
thisdirectionisthe effort beingmade by theIntemation
al Agricultural Research Centers (IARCs) to map root 
and tuber production areas by agro-climatic zone. The 
more detailed the information, the more accurate will 
be the identification and prioritization of the main target 
production areas. 

Processing Operations 

The associations and coops involved in primary jro
cessing in rural areas usually require substantial techni
cal assistance in processing operations. The members or 
plant operatives often have relatively little formal edu
cation and limited experience with machinery operation 
and maintenance. Although the processing operations 
and equipment tested in the pilot plant are appropriate 
for small-scale, urban operations, operatives will still 
require substantial training. 

Few changes in the actual process itself should be 
required when moving from the pilot to the fully com
mercial scale, especially if the scale of plant operations 
are maintained; i.e., in the case where commercializa
tion is based on replicating the pilot plant in other 
locations rather than expanding the initial pilot plant 
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itself. Some increase in scale may be required, however, 
and it is important to identify the stages of ihe process 
that could present bottlenecks as the plant increases in 
capacity. Inany case, capacity should not increase beyond
the managerial capabilities of the small coop or associa-
tion. 

Timing of new plant construction iscrucial, espe-
cially where processing seasons are well-defined. The 
date for plant completion should allow for a period of 
start up and training prior to the main harvest season. 
Construction activities almost always suffer some delays 
(e.g., shortage of labor at peak harvest times of other 
crops, shortage of building materials, untimely arrival 
of credit). Thus, some flexibility should be built into the 
timetable of activities, 

If acoop is formed to operate, a new plant, members 
should participate in the construction activities to as 
great an extent as possible (under the supervision of an 
experier'ed journeyman or master workman). This not 
only helps reduce costs but also serves to consolidate 
the group as they collaborate on joint activities. 

Maintaining good product quality is an important 
consideration when expanding the number of plants. 
The existence of many small processing operations 
makes quality control complicated. In order to obtain a 
product of. consistent quality, it is important to stand
ardize as many components as possible across the dif-
ferent coops. Reception of raw materials, selection, and 
storage time to processing can have important effects 
on product quality. Both mAagers and operatives of 
these small plants need to understand the vital nature of 
establishing and maintaining rigid standards of quality 
control. If there is a second-level organization that is 
responsible for commercializing the product, this pro-
cess can he facilitated by their active involvement. In 
the case of products destined for human consumption 
or, to a lesser extent, for animal feed, sanitary and 
hygieneproduct
bge ultonpecmet fortenical reasons,be difficult to implement for technical resni.e., 
inadcquate water quality, or lack of knowledge, e.g., no 
hygiene education. These factors need to be taken into 
account befbre plant operation starts, both from the 
standpoint of technical adjustments and processes, and 
training requirements. lacal, regional, and national health 
regulations and licensing requirements also need to be 
checked before the plant has been built. 

In order to ensure that the plants are operated effi-
ciently and economically, substantial training and back-
stopping is required in the areas of administration and 
accounting. It is in the interests of the agency respon-

sible for providing credit that funds are well used; thus 
training in these areas should be considered an integral 
part of credit activities. 

A training plan needs to be drawn up in order to 
ensure that there are sufficient plants operating to meet 
the expected demand for products. State entities and 
non-government organizations (NGOs) have a crucial 
role to play in technical assistance and training, but 
much of the practical training can be horizontal. This 
process can be facilitated by creating a second-order 
organization of coops, which can assume some of the 
training functions themselves. The pilot plant can fulfill 
a useful training and demonstration role at this stage. 
Operatives of new enterprises can spend time working 
in the pilot plant to gain hands-on experience in process
ing operations, etc. In addition, people who have ac
quired experience in operating the pilot plant can spend 
time assisting those who are starting new plants; how
ever, this has to be organized carefully in order to not 
make too heavy demands on their time. 

Packaging and Other Operations 

When the proessing group is ready to enter into com
mercial-scale operation, it is time to establish a trade
mark or a brand name. The advantages of this include: 

athe product is readily distinguished by both retailers 
and consumers; 

e 	 the product and name become associated with certain 
quality characteristics which should be maintained; 

promotional material can be developed around the 
product name; and, 

* 	 competitors will not benefit from generic advertising. 
The brand name should be selected carefully in 

order to ensure that it reflects the advantages of the 

as perceived by the consumer. Technical factors oe.,
of the raw material or process-irrelevant to consumer 

acceptance-should not be incuded. Several names 
should be tested in several potential markets in order to 
select the one that is most widely acceptable. 

Product Distribution 

As pointed out earlier, a product targeted at the in
dustrial market can be distributed by the processing 
groups themselves; whereas those destined for the con
sumer market will need a specialized network. Should 
the product be an improve:,ment of atraditional product, 
the existing distribution network may be considered as 
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an option. NJevertheless, this will usually involve several 
levels of intermediaries, each one requiring a marketing 
margin sufficient to cover expenses and provide an 
income. At the same time, with the evolution of the 
processing enterprises, they will almost certainly want 
to participate in the marketing chain to a greater extent 
than before, taking over some of the intermediaries' 
functions and margins. 

A decision must be made on how far to take the 
distribution of the product: whether to rely on inde
pendent wholesalers ora secend-orderenerprise to take 
charge of wholesale activities, or to include retail-level 
sales within the scope of distribution. This decision has 
to be made on the basis of product characteristics, 
market characteristics, and consumer purchasing habits. 

It isabsolutely essential that this enterprise be oper-
ated on a purely commercial basis. Should it be under 
the umbrella of a second-level coop, for example, it 
should be administratively and financially separate. Only 
in this way can the enterprise be truly competitive and 
maximize profits for its members, 

in the area of product storage and warehousing. These 
skills are not to be found in government agencies as they 
themselves do not function along commercial lines. 
Rather, it is necessary to seek input from organizations 
that support small businesses and who will be in a 
position to cover these aspects in training and technical 
assistance. 

Product Promotion 

In order to meet the objectives outlined in the market 
plan. promotion of the product is needed to make con
sumers aware of it, its advantages, and where it can be 
purchased. A number of texts have been written on 
planning and executing a promotional campaign; hut 
there are several basic factors that need to be considered 
when deciding what media to use. Characteristics of the 
target consumers must be taken into consideration, e.g.. 
newspaper advertisements will not reach the barely 
literate, low-income strata. When developing materials, 
the use of regional terms, dialect, and the like should be 
avoided so that they can be used for as wide a geo
graphic scope as possible. The brand name, logo, and

The distribution enterprise should manage the fo)l- slogan should figure prominently in all materials devel
lowing aspects. 

" 	Product supply from the different production enter-
prises: i.e., coordinatirn of supply with market demand. 

" 	Quality control of the finished product; and, if re-

quired, selection into different quality products, 

* 	 Management of warehousing, stocks, and inventories. 

" 	 Sale and distribution of the product to wholesalers 
and retailers, 

" 	 Coordination of promotion campaign activities to 
complement those of distribution. 

*Monitoring and evaluation of sales volumes, includ-

ing thoseof the competitors, as well as profit margins 

of wholesalers and retailers. 

" 	Feedback to both the processing groups and product 
development research organizations. 

The actual location of the central offices and ware-
house is very important. If the product is to be sold in 
small shops, then the warehouse should be located nea, 
the central wholesale market where small shopkeepers 
purchase most of their goods. 

It can he seen from the foregoing that the skills 
required to manage such an operation are quite different 
from those of the processing enteiprise. Marketing and 
business skills are essential, as well as technical skills 

oped. 

A small coop cannot afford a wide-scale launching 
of anew product traditionally as.,ociated with large food 

companies who bombard the consumer with a fanfare 
of publicity.A safer alternative is to increase promotion
al activities gradually as the distribution network ex
pands and product supply increases. A sudden increase 

in demand would be most difficult to fulfill and could 
cause problems. 

Creating amarket isexpensive even though it should 
pay for itself in the long run. Financing of these ac
tivities, which require considerable investment, is discussed in the introductory paper of this volume. 

Funding 

Pilot-scale activities are normally funded through spe
cial projects in view of the fact that no business or 
cooperative enterprise could be expected to finance 
something that has not proven to be technically and 
economically feasible. Once the plant reaches the point 
of expanding to acommercial level, however, provision 
of credit for replicating and/or expanding the manufac
turing capability and providing sufficient working capi
talto cover initial expenses should, theoretically, be 
feasible. Nevertheless, there is still an element of'risk in 
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that these projects are based on integrating small farm-
ers into cooperative ventures, 

When the product is destined for consumers, pro-
motional activities are essential for breaking into the 
market. Small producers/processors rarely have capital 
of their own to engage in acommercial-scale enterprise. 
Unless there is a second-order organization, it will be 
impossible for the plants to cover the costs of these 
promotional activities. 

Given the foregoing, credit will generally have to 
be provided at reasonable rates and terms by an or-
ganization in the public sector, accompanied by well-
designed training and technical and administrative 
backstopping, either by the public .rprivate sector. 
Funds for institutional support can be generally found 
in the budgets of the state organizations involved, if 
their development priorities are in accord with those of 
the project. In many countries, however, root and tuber 
crops are not of high priority. Therefore, funds may have 
to be sought from appropriate NGOs active in rural 
development or working with small fanner groups. The 
most difficult area to support is product promotion,
which is not considered an element of a rural develop-
ment project. One avenue to explore is with organiza-
tions interested in improving availability of staple foods 
in urban areas. 

To reduce producers/processors' dependence on 
external credit, they should be encouraged to build up 
their capital. This means that the coops must reach a 
balance between profit distribution (pressures are great 
for this among the poorer groups) and reinvestment, 
Some groups have apolicy of paying high prices for the 
raw material in order to encourage non-members to sell 
to the coops rather than to a competitive market, e.g., 
fresh consumption. In the long run, however, the coop 
may suffer from this policy, which does not permit them 
to strengthen their organization. 

Technical Assistance 
To the extent that the industry grows and the number of 
plants and coops increases, the need for technical assis-
tance also increases. In the short term, it is possible to 
expand the technical teams of the entities responsible 
for processing, production, commercialization, organi-
zation, etc. but this is very costly over time and the 
coops will never stop depending on them. Another 
alternative consists of creating a team of'persons trained 
for this purose within the cxops themselves. This molel 
(farmer-to-farmer or promoters) is much less costly and 

more responsive, but it requires a significant training 
effort. The experience with projects in Colombia high
lights the importance of technical assistance-especially for accounting and maintaining equipment-even for 
those drying plants that had been operating for several 
years (Bode 1991). 

Monitoring and Evaluation 

Once the decision has been made to implement thecommercial process, it is necessary to monitor the pro
gres of the product's iutroduction and market penetra
tion in order to ensure that objectives are being met in 
accordance with the market plan. The success of this 
operation depends upon the quality of the market plan, 
which must be detailed and yet flexible. 

Information input isessential to ensure that changes 
are made in accordance with developments in the areas 
of production, processing, and commercialization. If, 
for example, there has been a poor growing season and 
me supply of roots or tubers has fallen, processing 
activities will then have to be reduced or other supply 
sources will have to be sought. If the organization has 
to depend on funds from the public sector, it is important 
to monitor changes in government. Activities related to 
the formation and consolidation of coops, provision of 
credit, and plant construction all tend to suffer delays,which if not taken into account, could lead to other 
project activities getting out of' phase. It is also impor
tant to document experiences learned at the onset of the 
commercialization phase because this information will 
invariably serve to improve planning for breaking into 
other markets. 

A monitoring system should cover three important 
areas. 

0 	 volumes as well as volumes by market outlet and a 
breakdown of the socio-economic status of the con
sumers. 

* 	Consumer behavior with respect to first and repeat 

sales data. 

* 	 Consumer satisfaction with product quality, useful
n"ss, price. 

The monitoring system has to be in place when the 
project begins and is an ongoing activity to be carried 
out by the organizations themselves. 

Evaluation of the commercial process should be 
done not only in terms of the financial viability of the 
system but also the distribution of benefits. Benefits can 
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accrue to farmer-producers, landless laborers, rural trans-
porters, urban distributors, retail shopkeepers, and con-
sumers. At the same time, it is impotant to determine 
whether there are any adverse effects from the enter-
prise. This evaluation should be done by the organiza-
tion(s) that provided some sort of support to the process 
and who wish to learn whether the investment has been 
sound. 

Data generated by the monitoring and evaluation of 
the project can also serve to generate ideas for new 
markets or new products. This information should feed 
back to the technical research components of the project 
for further evaluation. 

Conclusion 
The decision to expand pilot plant activities to commer-
cial operation has important implications for the product 
and process as well as the farmers and consumers poten-
tially involved. In this paper, the various considerations 
to he evaluated in making this decision have been brief-

ly discussed and their respective components analyzed. 
Concisely stated they include: social objectives, market 
and technical requirements, promotional and logistical 
factors as well as funding and technical assistance. 
Should commercial processing begin, then monitoring 
and evaluation of these operations become imperative 
so as to ensure not only effective implementation of he 
original plans but also that the guidelines set forward 
are adhered to (or adjusted) in light of emerging devel
opments. While the issues mentioned here and their 
treatment may not be all inclusive, they hopefully should 
serve as a useful aid for launching successful processing 
of roots and tubers at the commercial level. 
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Use of Dehydrated Potato in Composite Flours:
 
A Case Study of Potato Flour in Kenya
 

JacksonN. Kabirat 

Abstract 

A case study on the feasibility of using dehydrated potato flour in composite flours in Kenya is presented. 
Dehydrated potato flour can be produced from surplus potatoes and used to supplement maize and wheat 
flour to feed a rapidly increasing Kenyan population. Potato flour was produced through milling raw 
potato slices dried by on-farm solar dehydration. The potato flour was blended with wheat flour or maize, 
sorghum, and millet flours and used to prepare commercially baked breads, home-baked products 
(chapatisand mandazis), and traditional foods (ugali and uji). The quality and acceptability of the food 
products--established under experimental conditions-indicated that dehydrated potato flour can be 
mixed with other flours LIP to 20% by weight in commercially baked bread and with up to 40% in 
home-baked products. Consumer acceptable traditional uji and ugali can be prepared with up to 50% 
potato flour. Partial substitution of potato flour for wheat flour and maize meal can be commercially 
feasible if current government price supports for imported grains are modified. 

Key words: product, marketing, processing, economics, bread, baked goods. 

Introduction 

Maize, maize-based, and to a smaller extent, wheat
based foods are major staples in Kenya. Over hall of 
national wheat requirements will be imported in the 
1990s to lupplement local production. In view of 
Kenya's foreign exchange problems, substitution of 
imporled cereals by locally produced cereals, roots, and 
tubers is seen as one way of coping with the increasing 
food demand of Kenyans. This situation has created a 
need Ior a composite flour program which has the 
potential of reducing over-reliance on cereal imports. 

Sufficient supplies of" maize are sometimes not 
availalic for making ugali (stiff porridge) and uji 
(regular (ir fermented thin porridge), the m st common-
ly consutled traditional loods inKenya. Iately., there 
have been prormlisin signs of increasin'L availability in 
small stores and supermarkets (ocomiiiste meals (of 
lhours i hr uii, otten basetd on finger millet, which is 
traditionally popular h r weaning porridge. Pearl millet 
and casava lours are a.lso found. Dehydrated potatoes 

have apotentially important role to play in the proposed 
Kenyan composite flour program (NCPB 1991). 

This paper is acase study on product development 
based on experiences with dehydrated potato in com
posite flours in Kenya. Specific objectives were to: 
( I) develop an appropriate low cost process for on-farm 
production of dehydrated potato flour, and (2) deter
mine the potential use of the product in composite 
flours. 

The Potato in Kenya 

Production 

Over 80,X)0 ha were planted with potatoes in Kenya in 
1991. Only maize covers a larger area. Most of the crop 
is produced by small-scale producers on family farms 
with an average size of 2 ha. The area under potatoes 
has increased by 56,0()0 ha, an increase of 206% since 

Co-ordimiator for Rmooit d 'tiher urops. Kenai Agricultural Research Intitute (KARt), Tigoni. P.O.Box 338, Limuru, Kenya. 
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1961 (Scott 1991). Average annual production in-
creased by 269% in the 1980s to over 500,000 t due to 
use of improved varieties, certified seeds, and other 
technological improvements. Average yields increased 
by 2 1", but have remained at about 10 t/ha although 
yields of 20-40 t/ha have been recorded under ex-
perimental research and large-scale commercial grow-
ing conditions. 

Potato production is confined primarily to the high-

land areas (1,800-3,0(X) in) where the crop has higher 
yields than other food crops. Potatoes are grown twice 
a year in two distinct rainfall seasons (April-May and 
October-November) with peak harvest periods in 
July/August and January/February. 

In Kenya, potatoes are used for food mainly in fresh 
form, consumption being highest in highland rural 
growing areas and large urban centers. Consumption is 
usually highest immediately following each of the two 
harvest periods when prices are at their lowest. In the 
urban centers, potatoes are becoming increasingly 
popular in the form of crisps (called potato chips in the 
IISM and freshly prepared chips (called french fries in 
the VLSA). 

Marketing and Processing 

Potatoes in Kenya are second only to maize in food and 
market value; however, due to bulkiness and 
perishability, their full potential isnot realized. In times 
of overproduction, farmers sell off their surplus imme-
diately after harvest, leading to an over supply in the 
market which forces prices to drop. 

Potato storage for commercial gain is rarely prac-
ticed in Kenya. Processing has been proposed as an 
alternative in facilitating the distribution and wider 
availability of potatoes, while improving profit margins 
and ensuring a more stable market supply. A modest 
approach is the reduction of the potato's high water 
content by appropriate on-farm solar dehydration tech
nology fdlowed by milling the dried product into flour. 
Dehydrated potato flour could be used in composite 
flours for wheat-based and maize-based food prepara-
tions at home and in industry. 

y 

Processing thie Potatoes 


Solar Dehydration 

Sound, fully mature potato tubers ofthe variety Desire 
were used for processing. The flow diagram for 
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dehydration and production of potato flour is given in 
Figure I. Pre-processing treatments were sorting, wash
ing, peeling abrasively, and trimming. The peeled and 
trimmed potatoes were cut, using a manual slicer, into 
1 mm thick slices and washed in running tap water to 
remove surface starch. The slices were then dipped in a 
0.5% solution of sodium metabisulphite for 5 min to 
prevent discoloration during dehydration and sub

sequent storage. 

Treated potato slices were loaded onto 0.5 m2 

sci zen-bottomed galvanized wire mesh trays at the rate 
of 4 kg/m 2. The trays were loaded into a three-tier 
open-sided air/solar dryer (Shaw and Booth 1982) or a 
five-tier air/solar dryer with ventilation controls (Keane 
et al. 1986) and dried to fiii moisture content of 
approximately 10%. The dehydration process lasted for 
20-24 hr during favorable weathei (August-Octoter, 
and December-March) utilizing natural night air flow 
and daytime direct solar radiation and natural air con
vection. 

Although combined air and solar dehydration was 
useful during dry weather in Decemb,-r-March, most of 
Kenya's potatoes are harvested during the cool, overcast 

Figure 1.Flow diagram for manufacturing 

uncooked dehydrated potato flour. 
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period in July/August making the use of solar energy 
almost impossible in some seasons. Solar drying may 
require a backup system, i.e.. using fuelwood. diesel, 
or electricity, to process potatoes during the August-
October period. 

Potato Flour 

Dried potato slices were milled into flour using a ham-
mer mill or the experimental Buhler (roller) mill. The 
hammer mill was found to be appropriate fo. milling 
deiiydrated potatoes because it is readily available for 
maize milling within potato growing areas. Further-
more, the hammer mill is inexpensive and locally made 
unlike the roller mill which is imported. The roller mill, 
commonly used for production of sifted maize meal and 
white wheat flour in urban areas could, however, be 
important if manufacture of cornposite flours is carried 
out at the flour mills ([CA 1985: NCPB 1991 ). Millers 
have expressed interest in doing the milling themselves, 
after farmers and other enterpreneurs have dried the 
potatoes. 

Dehvdration of 	sulphited raw potato slices gave 
while reducing energy costs asacceptable products 

sociated with the usual comrercial practices ,f blanch-
ing and pre-cooking. Electr,,'ity is not widel, available 
in potato growing areas and,,ther forms of cooking fuel, 
including fuelwood, are I short supply. Microbial 
counts of uncooked potato Ilour were found to be com-
patible with Kenya Bureau f Standards' spcifications 
for cereal flours even after nine months of ,torage at 
ambient temperatures (22-30'C). The flour had a 
reasonable level of protein (:.6%) containing all essen-
tial amino acids, except mnethionine and cvstine (Kabira 
et al. 19) 1 . The flour is also .ogood source of potassium, 
phosphorous, and magnesium. The high levels of lysine 
make potato flour ideal for protein complementation 
with cereals. 

Economic Considerations 

Cost analyses were conducted to determine the cost per 
kilogram (if dehydrated potato flour based on the as
suned farm-gate prices normally prevailing during har
vest in potato growing areas. Cost analyse, were based 
on two small-scale plants with a capacity for processing 
85 and 236 kg of fresh potatoes per day (equivalent to 
72 and 2(W kg of prepared slices) to yield approximately 
14 and 40 kg of flour (Table I I. 

The calculations indicated that processing more 
than 200 kg of potatoes per day to produce flour could 

Table 1. Cost analysis" of producing dehydrated 
potato flour in two small-scale plants of 
different sizes. 

Cost parameter 

Plant It'  

(85 kg raw 
material) 

Plant 2c 
(236 kg raw 

material) 

Fixed costs 
Interest (13% per year, 
half life basis) $0.30 $0.45 

Depreciation (10-year 
life span) 0.47 0.68 
Subtotal 0.77 1.13 

Variable costs 
Potatoesd 3.64 10.11 
Chemicals 0.17 0.50 
Labor 5.48 6.67 
Packaging 0.24 0.67 
Milling 0.20 0.57 
Maintenance (5% of 

capital costs) 0.23 0.34 
Subtotal 	 9.9----6 18.86 

Total costs/day 10.74 19.98 

Total output/day (kg) 14.40 40.00 

Cost of producing I kg 
of flour 0.75 050 

an US$.
 
bDryer based on that of Shaw and Booth (1982).
 
CDryer based on that of Keaneet al. (1986).
 
'1Calculated on the basis of farm-gate prices (10% of
 
production costs). 

be profitable due to the lower costs of production as
sociated with economies of scale. The calculations also 
demonstrated the importance of the cost of the raw 
material and labor in determining unit production costs. 

Economic Feasibility of Using 
Potato Flour in Composite Flours 

Using different fresh potatoes prices, break-even prices 
per kilogram of potato flour were calculated and com
pared with retail prices of common flours, flour blends, 
and starches available in Kenyan supermarkets (Fig. 2). 
The estimated break-even prices of potato flour ranged 

(/ 
.9, 
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Figure 2. Estimated break-even prices of experimental potato flour compared with flours, flour blends, and 
starches available in Kenyan supermarkets. 

Break-even prices for potato floura: 

Small plant (14.4 kg/day) 

Large plant (40 kg/day) 

Retail prices for other flours: 

Corn flour 
Baking flour 

Home baking flour 
Blend: millet (sorghum)/corn 

Blend: cassava/millet 
Pregelatinized cassava starch 

Sorghum flour (custom-milled) -
Blend: millet/sorghum/wheat 

Pregelatinized corn flour 

Gram floui 

Corn starch 
S 

0 0.2 

Source: Kabira 1990. 

from US$ 0.36-1.00 when producing 40 kg of potato 
flour per day. 

At a selling price of LJS$ 0.55 and below, it was 
considered that marketing potato flour for blending with 
wheat flour would not be aproblem since the competing 

alternative flours (sorghum, starches, and various flour 
blends) would he more expensive. Blending with maize, 
which like wheat is price-controlled, was considered 
uneconomical. However, due to recurrent periods of 
maize shortage, potato flour from cheaper ,ources of 
raw material can be used to advantage in extending the 
available maize supply. Partial substitution of potato 
flour in maize and wheat flour can be commercially 
feasible if current price supports on imported grains 
were modified. 

Substitution of Potato Flour 
in Kenyan Foods 
The sensory acceptability of dehydrated potato flour in 
commercially baked bread, home-baked goods 
(chapatis, flat unleavened bread and manduzis, chemi-
cally leavened doughnutu, and traditional foods (ugali 

I I I I , i , I , I 

0.4 0.6 0.8 I 1.2 1.4 
Price (US$/kg) 

and uji) was determined by pilot (in-house) consumer 
panels. The products were evaluated on a hedonic scale 
of 1-8 (1 = extremelycrso unacceptable;n 8 = extremelyacpal) bv eecniee 
acceptabe. 
acceptable. 

Commercially Baked Bread 

Straight grade wheat flour with a protein content 
(N x 5.7) of 13.6% and an ash content of 0.6% (on a dry 
matter basis) was blended with potato flour at 5, 10, 15, 
and 20% by weight and used for making "white pan 
bread". All test-baking trials were conducted at the 
Quality Control Laboratory of Unga Ltd., a large flour 

milling company in Nairobi, using thL straight dough 
procedure. The breadmaking formula consisted of 100 
parts wheat flour; 1.5 parts salt; 3.0 parts sugar; 3.0 parts 
hydrogenated vegetable shortening, 2.0 parts active dry 
yeast; and quantities of water which increased as the 
level of potato flour increased to give uniform dough 
consistency. The bread formulation and baking proce
dure are given in Figure 3. 
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Figure 3. Formulation and baking procedure for potato breads. 

Formulation Procedure 
Flour : MOO() Mig 


(2min
(Potato flour: 0. 5.10. 15. & 20% by v) 

Salt : 15 g Fermentacion 
Sugar 30 g 90 min (3(PC/75 rh) 
Fat 30 g
 
Dry yeast 20 g Scaling 
Water : variable (550-600 ml) (550 g portions) 

Molding 

Intermediate proof
10 min (3PC/75% rh) 

Final proofing 
60 min (3(PC,175% rh) 

Baking 
24 min/220o0 C 

The water absorption of baker's flour increased by relative to that of potato flour, and kneaded by hand for 
addition of potato flour. Potato fiourenhances the reten- chapati preparation. The dough was then divided into 
tion of moisture in baked products and can, therefore, 200 g portions which were individually rolled out on a 
be used to advantage in improving the shelf life of bread. floured pastry board using a wooden rolling pin. A little 
Baking strength of wheat flour was decreased by potato maize oil was brushed onto the dough which was 
flour, indicating an impairment of the ability of bread to kneaded into a ball, rolled out again and the chapatis 
rise due to dilution of the wheat gluten. sheeted to a final circular shape 2 mm thick and 20 mm 

in diameter. The chapatis were then transferred to a cast 
Results of the baking trials showed that it is feasible iron griddle, preheated to 200"C over an electric plate, 

to incorporate high levels of potato flour in white pan and baked on each side for approximately 2 min or until 
bread. Incorporation of potato flour reduced loaf sufficiently browned. 
volume, but increased loaf weight (Table 2). Substitu
tion of" wheat flour by potato flour up to 20% did not Mandazis were made as shown in Figure 4. Two 
affect the acceptability of the bread to any appreciable hundred grains (200 g) of the dry ingredients were 
extent. placed in a bowl and the water added. The dough was 

kneaded by hand and rolled as for the chapatis to a sheet 
approximately 4 mm thick. The sheeted dough was cut 

Home-baked Goods with a biscuit cutter into circular portions approximately 
6.5 cm in diameter. The inandazis were deep-fried in 

Potato flour was blended with commercially available maize oil at 170-180'C for 2-3 min or until golden 
home-haking flour at 10, 20, 30, and 40% by weight. brown in color. 
The flour blends were mixed in a Henry Simon tumbler 
mixer for 5 nin and used for preparing chapatis, and The home-baking trials indicated the possibility of 
mandazis. The formulation and preparation procedures incorporating up to 40% potato flour in home-baking 
are given inFigure 4. flour without adversely affecting the consumer accept

ability of the products.(Table 3). The flour blends could 
Approximately 200 g of flour and 2 gof salt were also be used to make biscuits, cakes, cookies, and other 

mixed with water (48-55%),with the level increasing commercially baked goods. 

./-r ' 
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Table 2. Baking performance of potato/wheat flour blends. 

Loaf weight Loaf volume Relative Acceptability 
Potato flour (%) (g) (ml) volume (%)' scoresb (n=52) 

0 513 3,081 100 6.5 
5 520 2,953 96 6.7 

10 529 2,790 91 6.5 
15 523 2,748 89 6.3 
20 524 2,581 84 5.9 

"Relative volume = Bread volume/volume of control x 100. 
bOn a hedonic scale of 1-8, scores of 5 and above are acceptable. 

Figure 4. Formulation and baking procedure for potato chapatisand mandazis. 

Formulation 	 Procedures 

Chapatis Mandazis 	 Mixing 

Flour :20 0 g Flour" :200 gI 

Salt 2 g Sugar P) g 	 Kneading into dough 

Fat 5.4 g Fat 5.4 g I
 
Water variable Baking Rolling and shaping
 

(96- 110 ml) powder 16 g
 
Water variable
 

Baking 	 Deep frying 

(2(0C: iron griddle) (2-3 min/170-180fC) 

Chapatis 	 Mandazis 

Traditional Foods 	 Approximately 150 gof flour was mixed thoroughly 
into 3(0 ml of boiling water. The resulting paste was 

Regular sifted maize meal was obtained from a lcal 	 cooked for about 20 min with occasional mixing. 

supermarket in Nairobi and used to prepare flour blends Uji was prepared by mixing approximately 150 g 
containing 10, 20, 30, and 40/4 potato flour by weight. of flour with 75 g of sugar and the mixture stirred in 
The flour blends were mixed in a manual food mixer 500 ml of cold tap water. The slurry was slowly added 
until unilormly blended. These blends were used ftor to 1.5 liters of boiling water and cooked with continuous 
preparation oI ugali an uji. A further trial was con- stirring fbr 12 min. Fermented porridge was made by 
ducted involving flour blends with millets and sorghum leaving flour slurries of about 30% (w/v) at roim 
for preparation ofuij.. The ugai was prepared by proce- temperature (22-25*C) for 24-72 hr and subsequently 
dures commonly used in Kenyan h liseholds and hotels, 	 diluting to 6-8% (w/v) with water before cooking. 

(-/)
 
462 



Table 3. In-house consumer acceptability scores" 
of potato/wheat flour blends in chapatis 
and mandazis. 

Chapatis Mandazis 
Potato/flour (%) (n=52) (n=54) 

0 5.9 6.5 
10 5.9 6.6 
20 5.9 6.5 
30 5.8 6.4 
40 5.3 5.9 

"Overall acceptability scores on a hedonic scale of 1-8; 
scores of"5 and above are acceptable. 

Incorporation of dehydrated potato flour up to a 
level of'40% had no adverse effects on the acceptability 
of ugali and uji. Dehydrated potato flour can be sub
stituted in maize meal and used in preparing soft ugali 
which can be eaten without the usual stews. This is 
advantae~cus to small children and the elderly who 
require sott fooids. Incorporation of dehydrated potato 
flour into) maize meal up to a level of 40 did not affect 
the sensory quality of uji to any appreciable extent. 
Potato flour can be suitable for preparation of fermented 
uji due to the outstanding ability of potato constituents 
to stimulate fermentation of sugar (Kabira and Imungi 
1992). Potato flour can also be used up to a level of 50% 
in sorghum and millet composite flours for making 
porridge thhJ 1991). 

Lessons Learned 
I asdar dehydration of uncooked potato slices 

adrminge wtweof 
and milling with widely available, low-cLst hammer 
mills i,, a feasible technology which produces stable, 

goid tality lour. Nevertheless, the drying rate under 
cl)u(ly, wet, cool conditions are slow, so farmers inay 
need a supplemental source of energy during the period 
of' tlie year when b(th potatoes are in surplus and 
weather i , (vercasl amd cooiler. 

I)ehvdrated polato flour can le used f ir partial 
SUbstituln of maize and wheat I popular local foods. 
For use in c(miniercially baked bread, potato flour can 
be irxed witi wheat flIur up to 2(/h by weight with 
little decline in quality. ('ompolte potalo/wheat tiours 
could be used ifsufficient amounts of cheap potato flour 
were available forblendine with locally produced wheat 
Flour. 

In home-baked goods, potato flour can be mixed 
with potato flour up to 40% by weight without altering 
the consumer properties of chapatis and mnandazis. 
Other industrially baked goods, such as biscuits,
cookies, and cakes, can be made from potato/home
baking flour blends because dilution of the gluten isnot 
critical for these products as for bread. 

In traditional foods, sich as uji and ugali, potato 
flour can be mixed with maize meal up to 40% by 
weight. Potato flour can be mixed with up to 50% in 
traditional weaning porridges from flours such as sor
ghum, finger millet, or bulrush millet. 
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Peri-urban Farming Systems and Food Processing 
in the Congo 

J.Brochier,G.Boukambou, 0. Legros,and S.Trche1 

Abstract 

AGRICONGO (Institut de recherche et d'appui pour le developpement agricole en zones tropicales) 
developed aproject entitled new farming systems (NSF). This project isintended to implement peri-urban 
agriculture for city dwellers who want to go into small farm businesses. Because the Congo is importing 
a large part of its food, the project's first goal was to identify products for development. A basic project 
assumption was that the best way to reduce these imports was to modernize traditional foods. There was 
also aneed to develop appropriate technologies in agronomy and food science. Work was done to design 
both a 1.5 ha NFS farm and an integrated food processing facility. Farming techniques were tested at the 
research station level and the study included socioeconomic issues and farmer-level implementation of 
product marketing and commercialization. 

This report presents preliminary findings from 20 pilot NFS farms that were tested nr-ir Brazzaville. Food 
processing lines and their management are also described. Processed products m.- available to urban 
markets through the project were chikwangue (cassava bread) and cassava-based mixed flour for infant 
food. 

Key words: processing, traditional, rehabilitation, integration, farming system, modeling. 

Introduction the rural areas; and desertified forests along the roads 
and around villages and cities. 

Inrecent years, the Congo has had very rapid migration 
from rural to urban areas. Presently, more than two
thirds of the population live in cities. This populaticii is designed in 1986 with Ihe objectives of developing new 

very young; and although most of the city dwellers have farming systems (NSF): 

been educated, most are unemployed. Farm production 
in the countryside has not been able to cope with high * to createjob opportunities (in the field of agriculture 
food demands from the cities and, therefore, the Congo and related activities) with an attractive financial 
is importing most of its food. potential; 

T to produce food for the cities and reduce imports; andThe attempts to develop large mechanized farms 

have failed because of management difficulties and * to protect the environment by proposing more effi
technical problems such as soil infertility and pests; the cient systems ini the field of soil conservation and 
disorganized traditional shifting cultivation system in income than shifting cultivation. 

General Manager AGRICONGO I.G.A.D., B.P. 20423, Libreville, Gabon; Vice President AGRICONGO, B.P. 14574, Brazzaville,
 
Congo; D.E.E. AGRICONGO, B.P. 14574, Brazzaville, Congo; and Responsable, Lab. d'ttuies sur la Nutrition et I'Alinentation
 
(UR4F), Institut Francais de Recherche Scientifique pour le Dveloppenent en Cooperation (ORSTOM), H.P. 181, Brazzaville,
 
Congo.
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The project was headed by the AGRICONGO Center 
and the AGRISUD Research Institute, through scientific 
partnerships with the University of Brazzaville, and the 
Institut Franca's de Recherche Scientifique pour le 
Ddveloppeme ,t en Cooperation (ORSTOM). The Ecole 
Nationale .uperieure D'Enseignement Technique 
(ENSET), Erazzaville, participated in the design of food 
processing machines. Funding was also provided by 
ELF-Congo, the People's Republic of the Congo; and 
French and Canadian aid agencies. 

The Project Structure 

Project Objectives 

Specific objectives identified for the project were to: 

* 	establish a research station near Brazzaville; 

* 	conduct a market survey in the cities to identify 
demands for specific products which could be econo-
mically interesting to produce; 

* 	do crop research using different agronomic ap-
proaches on cassava, groundnut, soybean, corn, ba
nanas, pineapple, and forestry products: 

" 	do research on food technologies aimed toward mod-
ernizing traditional products; 

" 	develop model farming systems and processing 
units; 

" 	test the farm and processing units on experimental
stations using independent operators; 

" 	test the developed farming system as pilots which 
would integrate processing and marketing b, the 
farmers; and 

* 	develop, on a large scale, a new farming system in 
peri-urban areas and along the roads on rehabilitated 
soils. 

Organizational Aspects 
AGRICONGO Center of AGRISUD Institute was created 
as a private non-profit organization. A research and 
development (R&D) station was established near Braz-
zaville and research partners were involved in projects 
in the field of social science, agronomy, nutrition, and 
food technology. The staff was selected from among 
young, newly graduated people who also represented 
the target group, 

Development Aspects 

The developed farming systems were 2-3 ta parcels 
with 0.6 ha of their edges used for alley cropping. The 
food crops planted were divided into short-, medium-, 
and long-cycle crops. In the short cycle were rainfed 
vegetables (solanum sp. and amaranthus sp.) and mis
cellaneous leafy vegetables. Medium-cycle food crops 
were groundnut, soybean, wouanzou, and corn. Long
cycle crops were cassava, pineapple, banana, and peren
nial crops, fruits and multipurpose fast-growing trees. 

Table 1.Annual harvests from project farms. 

Crops 	 Area Minimum yield 

Cassavaa 0.5 (ha) 12 t/ha 
Groundnutb 0.3 (ha) 700 kg/ha
Soybeana 0.15 (ha) 700 kg/ha 
Pineapple 20,000 (plants) 40,000 fruits/ha 
Banana 250 (plants) 12 kg/plant 

Acacia mangium 75 (trees) 100 kg/tree 

aCassava and soybean are processed for flour and chikwangue. 

bGroundnut isprocessed into peanut butter. 

Two cows were included in the design primarily for 
draft animal use. Each farm contained a family home, 
stable, water tank, and storage barn. For every 15 farmsthere were three processing lines. The average total 

harvests from pilot farms are shown in Table I. 

Processing Aspects 

Chikwangue 

Chikwangue processing machines were designed and 
built in the Congo. The processing line (Fig. I) re
quire-under local conditions--two workers and one 
manager for the transformation of 3 t of cassava or for 
the production of 1.5 t of chikwangue. The yield, after 
processing, is 40-55 kg of chikwangue from 100 kg of 
fresh roots. Produced chikivangue contains 60% water. 
The level of investment necessary to set-up a chikwan
gue processing unit and the monthly operating costs are 
shown in Table 2. 
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Figure 1.Flow chart for processing chikwangue 
using NFS technology. 

Fresh rootsI 


Hand peelingH atng 

Soating 
inwater
 

for 3-; days 


Mechanical 
defibering 

Drainng 
i. bags 

in 

Malaxing 

ivalue 
Pre-cooking 

(low-pressure 
cooker-expeller) 

Packing 
ffarmers' 

Cooking
(30-40 min in 
boiling water) 

Chikwangue 

I ______________ 

Table 2. Investment and operating costs of a chik-
wangue processing unit (prices given are 
in local currency)(. 

Cost (FCFA) 

Ini:ial investment cost 
Building 1,550,000 
Machinery 2,500,000 
Furniture and tools 495,0o 
Total 4,545,000 

Economic survey per month 
Variable costs per month: 
rxots 650,000 
fixed costs 260,000 
monthly sales I,060,(X)0 
monthly income 150,000 

Annual cash flow 2,800,000O 

"10 ICFA = tIS$ 0.36. 

Mixed Flours 

The project has also experimented with mixed flours. 
This involves combining cassava-based flour with 
soybean flour in order to improve the final product's 
nutritional content (Fig. 2). The mixed flour consists of 
roughly two-thirds cassava flour and one-third soybean
flour. 

Economic Aspects 
For a production line of 2,695 kg/month of mixed flour 
packed in 250 g plastic bags and sold for 105 FCFA to 

retailers, the financial aspects that must be considered 
are shown in Table 3. 

Mixed flour has a good potential for economic 
returns. It can be used as baby food which has anutritive 

close to that of the imported product and which 
costs 66% less. Also, it is 40% less expensive than the 
traditional flour based on corn which has a protein 
content unsuitable for young babies. 

The mixed flour gives good additional value to 
products, reduces food imports, and makes 

traditional food crop production economically feasible
when the cost of raw products are calculated at 155 
FCFA/kg for cassava pellets and 200 FCFA/kg for 
soybean.
 

Commercialization Aspects 

Peri-urban agriculture is being developed for many 
reasons: 

e to give a social choice to young people; 

* to create synergy between city and countryside: and, 
* to gain market proximity. 

Product marketing isdone individually by the farm
ers, through the informal sector and through members 
of a farmer's family living in town. Socioeconomic 
studies of these marketing pathways are being con
ducted to learn more about the potential of these infor
mal methods of commercialization. 

Experience to date suggests that the NFS products 
will find a market niche between locally produced
r'ocessed foods and those that are imported. 

For example, the comparative market prices of 

products of interest are: 
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Figure 2. Processing methods for mixed flours and 

yields of processed products, 

aCassava flour (foufou 

Fresh roots-


Hand peeling 
R 


Rettingin water 
(30 to , 5 min)Def
n 	at5minul pOperating 

Defibering and manual pelleting 
i 


Drying the pellets 

Crushing with a mill 


Packing 


i 


Legume flour 

Cleaning mechanically 

Washing and testing mechanically 

12.5 
Manual sorting

i 
Milling with a hammer mill 

Flour 

Mixed flourb 

Flours 

i

Mechanical mixing
 

(65% of cassava, 35% soybean) 


Incorporating the enzymes' 


Paciking 
(250 g plastic bags) 

iBaby_LMixedfl
 

aThe transformation yield is20-307 (25 kg of Flour for 1() kg 
I0W kg of fresh cassava roots). The moisture content of flour 
does not exceed 1061. 

bCare must be taken to keep the flour below 10% humidity. 
Amylase (BAN 8) mg from Novo Industry Enzyme SA) 15 g 
per 100 kg of dry product, 

Table 3. Cost of investment and production and 

returnfrom mixed flour.a 

Cost (FCFA)b ' 

Investment 
Buildings and facilities 1,525,000
 
Machines and equipments 2,650,000
 
Tools and furniture 420,000


Total 4,600,000
 

Account 
Variable costs:
 

raw products 
 585,000
packing products 55,000
energy 5,000
 

labor cost 30,000
 
Distribution costs:
 

depreciation 
 65,000financial cost 20,000 
labor cost 100,000
 
taxes 70,000
 

Total expenses 930,000
 

Sales 1,130,000
 
Result per month 200,000


The production capacity of this line can be increased irom 

t/month to 8 t/month with improved management.
h10 FCFA = US$ 0.36. 

Peanut Butter 

* 	 local peanut butter 500-900 FCFA/kg 

* 	 imported peanut butter 1,700-2,300 FCFA/kg 

modernized peanut butter 1,000 FCFA/kg 

Chikwangue 

e local chikwangue 125-175 FCFA/kg 

. modernized chikwangue 210 FCFA/kg 

Weaning Food 

M localfoufou 175-200 FCFA/kg 

* 	 imported baby flour 1,400-2,080 FCFA/kg 

* 	 local modernized mixed flour 500 FCFA/kg. 

Beyond the profitability of any specific activity, 
the"-'s the question of the returns to the new farming 
system units and the project as a whole. In analyzing 
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the actual data on costs and returns, we were able to 
make a economic evaluation of the system. These 
figures are summarized in Table 4. The preliminary
estimates clearly suggest that the project is financial-
ly viable. 

Table 4. Final economic evaluation of the farming 
system. 

Financial requirements 	 Credit a 

Grants 1,986,000 
Medium-term loans 880,000 
Leasing 935,000 
Short-term loans 1,300,000 
Total 5,151,000 

Economic data: 
Average monthly income 

per farm 80,000 
Cash-flow month 120,000 
Monthly repayment 45,000 

"10 FCFA = US$ 0.36. 

Conclusion 

Through the NSF Project, the experience gained will 
bring insights for future direction of this and similar 
projects. Among the most significant findings are the 
following: 

* 	 Peri-urban agriculture on rehabilitated soil is a good 
way to develop new farming systems because of 
market proximity, easy communication with services, handicrafts, workshops, banks, and shops. 

* 	Processing food at the farm level is the only way to 
make agriculture economically feasible for small 
family farms. 

* 	 Locally designed and built food processing machines 
give better results than imported equipment. 

e 	 Integrated research-including social, commercial, 
and technical aspects-in the field ofagriculture and 
related activities appears to be efficient for new 
farming system development. 
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Research and Development into Commercial Yam
 
Processing in Nigeria: Cadbury's Poundo Yam
 

J. S. T. Bcgunjokol 

Abstract 

Yam is astaple food crop in Nigeria. Anniial output is about 15 million t. Among the most popular
dishes made from this root is the traditional pounded yam. Preparation of pounded yam is very laborious 
and time-consuming. This paper describes efforts by Cadbury Nigeria to develop aprocessed product to 
serve as a convenient substitute for pounded yam. The experience emphasizes the need for well-focused 
research and development efforts to ensure the new product satisfies consumers' tastes and market 
requirements in terms of packaging and preparation time. 

Key words: consumers' tastes, convenience food, pounded yam. 

Introduction 

Yam isa tropical crop which produces edible tubers that 
are very rich in carbohydrates. Statistics on yam produc-
tion are varied, but the Food and Agricultural Organiza-
tion of the United Nations (FAO) estimates that globally 
about 20-25 million t/yr are harvested, with Nigeria 
accounting for 60-70% of the total world production. It 
is estimated that 10-15% of yam annual output is lost to 
waste resulting from improper storage conditions and 
damage by insects and pests. Hence, acceptable and 
economic ways are needed to preserve yams through 
processing. 

Yamsapls amajr surcfod, ad amajr of 
carbohydrates for Nigcrians. While total annual produc-
tion is believed to be roughly equivalent to demand,toiong hence v al,stbelieveds rupplieighly eo 
cs roping pterios ofthec suie a harcig y eist
As a result, periods of both abundance and scarcity exist 

durig te yer. rnsmpam r(Y-essng fr drneticdung the year. Yam proessing for d stic cnsump-am 
tion can take a number of forms which include boiling, 
frying, roasting, soaking with pepper and torratoes IVam 
pottage ,,processing into flour, and pounding. By far the 
most p0pular form in Nigeria is pounded yam whose 
preparation can be time-consuming and lab'-rious. The 
traditional niethod for pounded yam prepar:ition invol-
yes: ( I) peeling, (2)cooking, and (3) pounding the yam. 

Preparing an amount sufficient to feed afamily of five 
can take as much as 2-3 hr. 

In Nigeria today, more and more people, including 
women, are leaving traditional rural settings for the 
more populated urban centers in search of better oppor
tunities. Cadbury Nigeria recognizes this phenomenon 
and also the fact that more of these women are leaving 
their homits to become gainfully employed. There are 
therefore more career women in Nigeria today than at 
any other time during the relatively short industrialized 
history of this country. 

Since women are the traditional keepers of thehome and are generally responsible for meal preparation 
fore aml ingera. it i expeceat atin
for the family in Nigeria, it is expected that anything
done to introduce convenience into the performance of 
this traditional role will be greatly welcome. It is in the
lihoftspsibiytatCduyNgraecedo 
light of this possibility that Cadbury Nigeria decided to 

preparation easier and more con
meke o r is m p e ntion s er s. 
venient for its millions of potential consumers. 

The other reason for developing Poundo Yam is that 
during harvest yam prices are usually low and postpro
duction losses high. Processing, therefore, reduces the 
level of postproduction loss and preserves the yam (in 

Technical Director, Cadbury Nigeria P.C. ' Si l. 21392, Ikeja. Nigeria. 
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this modified form) for a period of approximately one 
year or more. 

Research and Development 
The research and development (R&D) work on yam 
processing at Cadbury focused on the need to: 

" 	develop a product from yam that could be easily 
prepared as pounded yam; 

* 	 determine the level of acceptance of the experimental 
product; and, 

" 	 mnake the product affordable. 

Product Development 

The developmert of Poundo Yam was divided into 
several phases. 

Product Concept Evaluation 

First, the product concept was clearly defined to outline 
the main goal which was to develop a partly-processed 
yam product that could be easily prepared within minutes 
into PoIundo Yaml, a convenience food substitute for 
traditional pounded yam. The definition emphasizes the 
fact that convenience in preparation would he guaran-
teed for the consumer. Following prduct conceptuali
zation, research was carried out to determine if the need 
for such a product existed. 

Experimental Production and Evaluation 

The development phase took a long time to complete 
because it involved several stages. They included the 
followine.It 

Ingredient sou.-cing. Because there are many yam 
species, it was initially very difficult to select the best 
cultivar especially when the same specie, may have 
different names depending on the area or locality. At 
this stage, Cadbury Nigeria collaborated with the Inter-
national Institute for Tropical Agriculture HITA ).It turned 
out to be a vcrv fruitful relationship because at the end 
of' the extenive collaborative work. two commonly 
available vam species were successfully identified for 
the project. 

Process technology selection and development. The 
following pounded yam characteristics are those that the 
processor must take into account to produce an accept-
able processed pounded yam (i.e., Poundo Yam). 

9 	 Color. The finished product must be between white 
and cream white. The appearance must be opaque, 

but not translucent. 

* 	 Texture and rheology. The tinished product must be 
smooth, uniform, and have no lumps. The hand-feel 
must be non-sticky and smooth. The product should 
also be reasonably firm and elastic when pulled. 

* 	 Smell. There must be no astringent, burnt, or cooked 
smell. The aroma should be very real (yammy). 

* 	 Mouth feel. The product must be very smooth in the 
mouth. 

* 	 Taste. It must not have a"burnt" taste. The taste must 
be real and acceptable. It should be significantly like 
that of cooked yam. 

To build all the quality attributes highlighted above 

into Poundo Yam, the production process outlined in 
Figure I was developed. 

Poundo Yam flakes processed as indicated above 
were shown, through series of sensory evaluations, to 

have all necessary quality attributes. Evaluation meth
ods used to confirm this were:
 

* 	 in-house sensory evaluation panel respondents; 

a 	 home placement test using selected respondents: 
and, 

* 	 consumer acceptance tests (large-scale market re
search) across Nigera. 

In 	addition to the organoleptic quality attributes,
compared to traditionally prepared pounded yam, Poun

do 	Yam offers the following advantages. 

ca keep for a minimum of 12 months in the 
bag-in-a-box packaging method that was adopted. 
The bag keeps moisture away and seals in the flavor 
of the yam flakes. It is made from a three-layer 
(LDPE/ItDPFJLDPE) co-extruder film about 100 
microns thickness. The box forming the secondary 
packaging facilitates stacking and shelf display. 

Poundo Yam takes a maximum of 8 min to prepare 
and is very easy to reconstitute. Poundo Yam can be 
prepared off fire because no extra cooking is re
quired; therefore, it can be prepared right on the 
dining table. 

* 	 The ultimate advantage, however, isthat there is little 
or no difference between pounded yam made in the 
traditional way and Poundo Yam. 
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Figure 1. Poundo Yam production process. 
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Market Research 

At this stage, the newly developed product undergoes 
market acceptance tests. Basically, this involves test-
marketing the product in specific locations and getting 
consumers reaction to the innovation. It is necessary 
to sensitize potential consumers to its availability and 
to gel their reactions to it.; presentation, price, ease of 
reconstitution, and overall quality and acceptability. 

Product Launching 

Having confirmed the quality of the product to be ac-
ceptable, the product is formally launched. This means 
that its life cycle has begun. Ic fact, having successfully 
completed the introductory stage, the product is now in 
the growth phase. 

The sales strategy has been designed in such a way 
that the distribution potential for bxth local and export 
markets are explored, 

IN Sulphite 
bathing 

Mashing C Cooking 0 P. 
product 

Conclusion 

Yam is a traditional food crop in Nigeria. Although 
production averages around 15 million t per year, sea
sonal growing patterns limit widespread, year-round 
consumption in fresh form. 

Seasonal supplies along with the perishability of the 

r(x)ts also contribute to postproduction losses due to 
inadequate traditional processing. This paper has pre
sented efforts by Cadbury Nigeria to introduce a con
venient, tasty substitute for pounded yam. Poundo Yam 
is intended to reduce preparation time from over 2 hr to 
about 8 min, while maintaining the real taste of pounded 
yam. Extensive research and development efforts were 
successful in incorporating these characteristics and 
Poundo Yam is now undergoing market testing. Precise 
identification :1 and incorporation of desired product 
characteristics including taste, texture, smell were key 
elements in this process. 
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Development and Transfer of Processing Technologies
 
for Sweetpotato in the Philippines 

Truong Van Den 

Abstract 

In an attempt to increase the economic value of sweetpotato, efforts have focused on processing the 
starchy roots into fruity-food products, e.g., dried sweet-sour sweetpotat, sweetpotato leather, catsup, 
jam, and abeverage. These sweetpotato products have comparable appearance, taste, and nutrient content 
to other processed fruit and vegeable products: and, they have ahigher Vitamin A content. The developed 
products were also rated high in sensory scores in consumer acceptability tests. Formulation, nutrient 
composition, and factors affecting the quality of the products are presented. Technology transfer has been 
carried out through seminars, workshops, training, and demonstrations. The technology for making 
sweetpotato catsup and sweetpotato beverage has been transferred to farmers' cooperatives and food 
processing companies in the Philippines. Products with sweetpoato as ", ingredient and a brand name 
of Sweetpotato Catsup are presently available in the domestic market. Factors that could accelerate 
transfer of technology to the private s,cvlr are also discussed. 

Key words: sweetpotato catsup, sweetpotato jam, sweetpotato beverage, Philippines. 

Introduction 	 proven to be cost-effective enough to make them com
petitive in the market (Abejuela et al. 1989). 

In many countries, sweetpotato (Ipomoea hatatas) isan The technologies for processing th. first four 
important food crop because it is higher yielding and products have been transferred to the private sector. 
has wider ecological adaptability, lower input require- Large-scale production of these products would benefit 
ments, and a shorter growing period than other root the following target clientele. 
crops. More importantly, sweetpotato is a starchy com
modity with its proximate comp .ition and mineral and a Farmers through creation of better markets for their 
vitamin content-particularly Vitamin A--comparable sweetpotato and participation in an integrated 
to various fruits (Truong 1989). production-processing-marketing system to add 

value to their produce. 

The similarity in composition of sweetpotato and * Food processors because sweetpotato is relatively 
fruits served as the basis for development of several cheap and non-seasonal, compared to fruit, and is a 
fruity f d products, e. g.. II) dried sweet-sour sweet- nutrient-rich raw material. 
potat,. (2) 5wectpotato catsup, (3) sweetpotato jam, (4) 
Sw'etpotato beverage, and (5) sweetx)tato leather. The @ Consumers through having access to low-priced and 
goal of this exercise was to increase the economic value nutritious products. 
of sweetpotato. Procesing into products with a taste The paper briefly reports the development of 
and appearaince smlar to processed fruit items has processing technologies for fruity-food products andl 

Food Tcchnologws. Department of Agriculiura! Chemistry and Food Science, Visayas Slate College of Agriculture (viscA). 
Bayhay, Leyte 652 i-A Philippines; current address: Posi-doctoral scientist, Department of Food Science, North Carolina State 
University, Raleigh, North Carolina, USA. 
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discusses the factors accelerating the transfer of tech-
nologies to the private sector. 

Technology Development 

Dried Sweet-sour Sweetpotato 

Itis product has the sweet and sour taste of dried fruits. 
It ws oiginllyname etal.Deicius-S~ (ruon 

1988). The most acceptable product was made with 
thick which were

boiled sweetpotato slices 0.3 mm 

soaked in 60' Brix syrup containing 0.8- 1.0% citric acid 

and dried at 65C. The Delicious-SP prepared from 
a edtat v5"C.rety Del-wic is aredoistty
sweetpotato variety VSP- , which is a "moist" type 
sweetpotat() with low dry matter and starch content, 
obtained the highest sensory scores due to its attractive 
orange color and soft texture. Dried sweet-sour sweet-
potato contains 13,033 LU. of Vitamin A per 100 g 
which is higher than both dried mango and dried apricot(Trung 189).was
(Truong 1989. 

Sweetpotato Catsup 

A formula for sweetpotato catsup which consisted of 
32.3% (w/v) sweetpotato, 42% water, 12.9% vinegar, 
11.3% sugar, 1.0% salt, 0.3% spices, and iood coloring 
has been developed. Faots are washed, trimmed, 
chopped into chunks, and boiled. The cooked chunks 
are blended with water and other ingredients and boiled 
to the desired consistency before bottling. Various 
sweetpotato cultivars having cooked flesh colors which 
range from yellow to orange and a "moist" texture can 
be used for catsup making. Sweetpotato catsup had 
viscosity, total soluble solids, pH, and intermediate 
Vitamin A content comparable to values found in 
banana catsup. In consumer acceptability tests, sweet- 
potato catsup was ranked statist equal to the lead. 
ing brand ofbananaand tomato catsup in terms of color, 
flavor, consistency, and general acceptability (Truong 
et al. 1990a). Sweetpota!,- catsup siored for four months 
at ambient tempera,.ire was given comparable sensory 
sco'es to that of freshly prepared samples. 

Sweetpotato Jam 

The jam formula containing 20.7% (w/v) sweetpotato, 
45%{ sugar, 3414 watcr,and ).3% citric acid proved most 
acceptable by the trained taste panel. The initial steps in 
preparing sweetpotato roots are similar to those for 
sweetpotato catsup. The cooked chunks ai, blended 
with water, sugar, citric acid, and optionally with flavor-

ings.Theslurryisthencookeduntilatotalsolublesolids 
of 68" Brix was obtained (Truong et al. 1991c). 

Due to the high starch content of sweetpotato roots 

as compared to fruits, the proportions of sweetpotato 
and sugar are different from the standard formula of 

45% fruit and 55% sugar in fruit jams (Gross 1974). 

The jams processed from different varieties of 
sweetpotato are in various colors, e.g., light yellow, 
orange, or purple. The orange-fleshed type (VSP- I and 
vsP-2) produces an orange colored product which is 

rich in Vitamin A. A laboratory taste panel rated sweet

potato jam with and without the addition of 0.5% (w/v) 
of the locally semi-processed agar, gulinan, as com
parable to various commercial fruit jams, in terms of 
color, consistency, and general acceptability. The addi
tion of artificial orange flavor at 0.)5% (w/v) sig
nificantly increases the aromascoreof sweetpotatojam. 
In consumer acceptability tests, orange flavored jam 

preferred over a Popular orange marmalade, but 
was rated lower than a commercial guava jelly. The 

quality characteristics of sweetpotato jam have been 

reported by Truong et al. (199 1c). 

Sweetpotato Beverage 

The processing steps for sweetpotato beverage involve 
washing, peering, trimming to remove damaged parts, 
steaming, extracting, and formulating with 12% (w/v) 
sugar, 20% (w/v) citric acid, and 232 mg/l ascorbic acid 
as Vitamin Cfortification (Truong and Fementira i 990). 
The formulated beverage is bottled in 150 ml glass 
containers and pasteurized at 90-95'C. 

Various sweetpotato varieties were evaluated for 
their suitability in processing into the beverage. In 
general, the orange colored beverage is preferred to 
other colored products. Addition of the juice or pulp of 
different fruits, e.g., guava, pineapple, or Philippine 
lemon, at concentrationsof 0.6-2.4% (w/v) significantly 
improved aroma scores. Similar to jam, incorporation 
of artificial orange flavoring also enhanced the aroma 
of sweetpotato beverage. More than 85% of consumer 
respondents rated "like" for the sweetpotato beverage, 
and 96% liked guava-flavored sweetpotato beverage 
(Truong and Fementira 1990). 

The physical properties, e.g., total soluble solids, 
(13' Brix) insoluble solids (9.4 mag/100 g), p'l(3.2), 
appearance, and color o' sweelpotato beverage, are 
similar to that of the yellow-orange fruit juices and 
drinks commercially available. According to product 
labels, artificial colors and flavorings were added to 
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most commercial fruit juices. Natural orange color, an 
indicator of a high Vitamin A content when added at 
1,844 LU./00 g, is equivalent to 41% of the Recom-
mended Daily Allowance of Vitamin A. The Vitamin C 
and mineral contents of sweetpotato beverage are also 
comparable with that of commercial fruit drinks 
(Truong 199 1a). In tests, no significant difference in all 
sensory attributes was noted between sweetpotato 
beverage and the commercial fruit products. 

Sweetpotato Leather 

In processing sweetpotato leather, steamed sweetpotato 
chunks are blended with water, sugar, salt, citric acid, 
and optionally with artificial fruit flavors. The slurry is 
then thinly spread on plastic sheets and dried in a 
mechanical drier until the desired moisture content and 
texture of the product are obtained. A loading density 
of 4 kg slurry per m2 produced the sweetpotato leather 
which was rated with high sensory scores for thickness, 
texture, and general acceptability. The product also 
obtained scores of over 7.0 for color, sweetness, and 
sourness on the 9-point hedonic scale. Addition of pec-
tin at 0.05-0.15% w/wdidnotimprovethetextureofthe 
product (Truong et al. 1991d). Appa-rently the pectin 
content of sweetpotato is sui ficient to produce a leathery 
textured product. 

Orange sweetpotato leather produced from VSP-I 
and VsP-7, which have orange colored flesh, was scored 
over 8.0 for color, texture, and general acceptabili:y. 
Sensory evaluation by a trained taste panel was per
formed in comparison with "orange roll-ups," an im-
ported fruit leather, and mango leather which was 
prepared from ripe mango following the procedure 
described by Tanafranca et al. (1987). No significant 
difference in the scores for color, flavor, and general 
acceptability was noted for the three products. However, 
in an acceptability test by a consumer panel, mango 
leather was rated first, followed by SP leather and 
"orange roll-ups" (Truong et al. 1991d). 

Sweetpotato leather had a pitof 3.6 which is within 
the range of fruit leather, higher total sugar content 
(69.9%1, and lower reducing sugarcontent ( 14.2%) than 
the fruit leathers. l)ue to its starchy nature. sweetpotato 
leather has a starch content 14.2% which is five times 
higher than rnango leather, but is much lower than 
ora ge roll-ups, 21.54 ). Nonetheless, the exact formula 
of "orange roll-ups" is unknown. Sweetpotato and 
mango leather have a very rich Vitamin A content 
(14,067 and 16.689 It[!./100 g) as compared with 
"orange roll-ups" (387 t.t ./100 g). 

Technology Transfer 

Itr'formation on the developed technologies was dis
seminated to the public through announcements on the 
radio and in newspapers, seminars, scientific reports, 
and investment forums held in various provinces of the 
Philippines. The products were also displayed in 
science and technology fairs organized by government 
and non-government organizations. 

Based on originality of the technology, capability 
of the potential users, and technology level, i.e., its 
suitability for village level and small or large scale, three 
modes of technology transfer were adopted: 

e direct transfer; 

0 exclusive contract; and, 

o non-exclusive contract. 

The sweetpotato catsup technology was shown to 
entrepreneurs and farmers through direct extension by 
hands-on training and demonstrations. Recently, dried 
sweet-sour sweetpotato was transferred through the 
same mode. Initially, the technology for dried sweet
sour sweetpotato was transferred to an entrepreneur 
who was establishing a food processing enterprise on 
an exclusive contract basis for five yea.s. A non-ex
clusive basis was adpted for the transfer of the patented 
sweetpotato beverage technology to a large food and 
beverage company. 

Extent of Technology Adoption 

The sweetpotato catsup technology has been adopted by 
farmers' organizations, small-scale food processors, 
and catsup processing companies throughout the Philip
pines. Catsup made with sweetpotato as well as one 
product underthe brand name"SweetpotatoCatsup"are 
presently available indomestic markets. A banana cat
sup company adopted the sweetpotato catsup technol
ogy and made a substantial profit in 1990. This factory 
has a production capacity of 10,000 boatles ofcatsup per 
day. With respect to S;weetpotato jam, the technology 
has been adopted by a farmers' organization and in
tegrated with sweetpotato catsup processing. 

The technology for processing "Delicious-Sweet
potato" was exclusively transferred to an established 
tood processing enterprise By means of a mutual agree
ment, the company has agreed to pay a royalty for five 
years to the Visayas State College of Agriculture 
(ViSCA) in the amount of I-5% of its annual gross sales. 

/ 
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Delicious-sweetpotato was packaged in attractive 
plastic material and named Tropical Delights. However, 
due to inadequate facilities and a lack of experience in 
food proJuct marketing, the enterprise encountered dif
ficulties. They were unable to produce aquality product 
or develop markets. A fire destroyed the company's 
processing plant. As a result, the agreement was made 
void by mutual consent. An association of sweetpotato 
growers and processors in the locality has since adopted 
the technology for small-scale production of Delicious-
Sweetpotato. 

A non-exclusive contract was signed by ViSCA and 
a large food and beverage company for the transfer of 
sweetpotato beverage. In return, the company donated 
equipment to ViSCA for research and development 
(R&D) in food processing. The company became inter-
ested in the sweetpotato beverage because of its high 
Vitamin A content. The product fits very well in the 
company's current thrusts which focus on using local 
raw materials for processing nutritious, low-priced 
food products, and contracting small farmers to 
produce the raw materials. In other words, the 
company's orientation matches the project's objec-
tives. More importantly, however, ViSCA's target 
clientele, root crop farmers, can derive benefits 
through producing the raw material. Adoption of the 
technology by a large company would help facilitate 
market penetration by the sweetpotato beverage. The 
company and ViSCA undertook ajoint pilot project for 
scaling up the beverage-making process for commer-
cialization. Details of translating the laboratory 
process into a pilot-scale operation have been 
reported elsewhere (Truong 199 Ia). 

Technically, there were no major problems in the 
trial runs for processing sweetpotato at company 
facilities. Commercial lau.,,'hing of the product was 
delayed, however, due to an unexpectedly inadequate 
supply of fresh roots (VSP- I variety) and, possibly, other 
managerial matters. Being a new variety, VSP-l is not 
widely grown by farmers in the locality. Also, program-
ming production of VSP- I roots to match the operation 
of company facilities during the off season for fruits 
proved to be problematic. 

Accelerating the Technology 
Transfer Process 

The potential for commercial use of a developed tech-
nologyshould beincubated at the project conceptualiza-
tion stage and nurtured along the way to ensure its 
successful transfer and sustain its viability in the com-

mercialization phase. Kefford (1984) stated that asys
tems approach from idea to market is the most likely 
way to succeed. 

Among the lessons learned in the transfer of 
processing technology for fruity sweetpotato products 
has been the recognition that a close relationship 
amongst the government, a research institution, and 
private sector and the technical capability of technology 
users are of vital importance in translating research 
results into commercial products. In addition, the fol
lowing key elements could accelerate transfer of the 
developed technologies to end users. Hence, they merit 
analysis with respect to technology generation and 
transfer. 

Technology Generation Phase 

One of the steps involved in product development is 
product idea/opportunity identification through idea 
generation and screening, product concept testing, 
analysis of potential market demand, and profitability 
(Earle and Anderson 1985). However, this step is often 
bypassed. As aconsequence, the research result may not 
reach the targetclientele because market potential even
tually proves negative. 

The product idea can be generated through con
sumer and market research (Truong et al. 1990c). While 
this may reduce the risk of failure, it may limit the 
researcher's innovativeness as well. Alternatively, the 
researcher's analyses based on observations of existing 
products and their marketability, raw material charac
teristics (physico-chemical and nutritional), and cost 
can point to a potential product idea. The similaity in
composition between sweetpotato and fruits-in terms 
of Vitamin A, C, and mineral contents-provided the 
inspiration for development of fruity sweetpotato 
products. A good understanding of the market and the 
researcher's creativity are, apparently, the key factors in 
determining the commercial potential of research 
results. 

Secondly, a rigorous evaluation of the potential 
commercialization of adeveloped technology should be 
evaluated before it is recommended for transfer to end 
users. An evaluation procedure which takes into account 
three primary criteria, technical feasibility, 

marketability, and profitability, has been developed 
(Abejuela et al. 1991). Based on such criteria, Deli
cious-sweetpotato and sweetpotato catsup technologies 
were rated favorably for commercial utilization. Sug
gestions about lowering the input costs to sweetpotato 
catsup (Abejuela et al. 1989) were taken, resulting in a 
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reduction of 50% from the original formulation. This 
improved the economic attractiveness of the technol-
ogy, and thus accelerated the adoption of the technology 
by end-users. 

Technology Transfer Phase 

Varioiis barriers for commercialization of research 
results have been identified (Habito 1991). Among 
these, inadequate information on available new and 
promising technologies and "immaturity" of availa_,e 
technologies are considered to be direct impediments o 
the technology transfer process. Factors affecting the 
adoption of the processing technology for fruity sweet-
potato proiucts during the technology transfer phase 
were the following. 

Information dissemination. The technologies for 
processing fruity-food products from swee.potato were 
widely disseminated to the public through various in-
vestment forums organized by the Department ofTrade 
and Industry, national/regional science and technology 
fairs, seminars, and training sessions. These helped 
create awareness in farmers, food processors, and com
panies about new sweetpotato products and, therefore, 
accelerated the adoption of the developed technologies, 
The important role which the governmen" can play is to 
link potential investors with technology generators 
through providing appropriate opportunities for interac-
tions between the two sectors. 

Pilot testing. Implementing a pilot project as a step 
towardcommercializationaimstogenerateinformation 
needed to confirm the "maturity" of developed tech-
nologies, in terms of technical and economic feasibility 
for commercial production. Thc various factors con-
tributing to a successful pilot project have been dis-
cussed in Truong (1991 b). 

Pilot testing of Delicious-Sweetpotato technology 
was performed at the research laboratory. Equipment 
needed for the pilot processing line was fabricated and 
assembled. Data were used for cost and return analysis 
which confirmed its feasibility for commercialization 
(Abejuela et al. 1989). 

Sweetpotato catsup technology was adopted by a 
banana catsup manufacturer who has the established 
facilities and experiences in processing and marketing 
the product. The rapid adoption of the technology by 
catsup manufacturers can be attributed to the cost effec-
tivene;s of the process and product quality. Indeed, 
several advantages of manufacturing sweetpotato over 
banana catsup have been recognized. Among these are 
that sweetpotato is cheaper than banana; its supply is 

less susceptible to adverse weather; due to favorable 
chemical properties of sweetpotato, addition of a stabi
lizer as commonly practiced in banana catsap making, 
is not necessary; and sweetpotato catsup has a higher
Vitamin A content than banana catsup (Dignos et al. 
1990). 

The close partnership between the company and the 
researcher in dissemination and refinement of the tech
nology for commercialization is an important element 
which benefits both parties. Several requirements for 
developing the capabilities in operating afood process
ing unit and marketing of the processed products have 
been identined for small-scale food processors and 
farmers' organizations adopting sweetpotato catsup 
technology. Most important among these is that 
entrepreneurship development isvital to equip potential 
users with technical skills and business management 
capabilities. It may be costly and time-consuming to 
attain these goals. Nevertheless, based on my ex
perience, it is the only way to help small, start-up 
enterprises survive in acompetitive business environ
ment. 

ViSCA does not have the facilities required for pilot 
testing the industrial potential of sweetpotato beverage 
technology. Collaboration with a private company is 
considered to be astrategy which would accelerate the 
commercialization of the developed product. Success
ful pilot testing would depend on the capability of the 
company, which determines the pace toward commer
cialization; apartnership between private company and 
research institution; and a regular supply of raw 
material. A good production plan to ensure an adequate 
and regular supply of raw materials isnecessary. This is 
particularly critical for new varieties (e.g., VSP. 1)which 
a- - grown in the locality. 

Regardless of how much effort isput into bringing
the results to end-users, a reasonable lag time prior to 
the commercialization phase must be expected. This is 
particularly true for sweetpotato, since well designed 
marketing strategies are needed to gain consumer ac
ceptance of the products, and thus, accelerate their 
penetration of the market. 
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Adoption, Modification and Impact
 
of Cassava Drying Technology:
 

The Case of the Colombian North Coast
 

Guy HenryI 

Abstract 

The techniques, commercial procedures, and social organization for cassava drying plants have experienced 
rapid diffusion and adoption in a number of Latin American countries in recent years. This paper briefly 
reviews the evolution of the model on which the diffusion of this technology was frequently based. The 
performance of the initial plants over time is examined. The paper then analyzes the impact of this 
technology on cassava consumption and utilization as well as area planted and yields. Benefits associated 
with the proliferation of the drying plants in the form of employment generation and foreign exchange 
savings are also estimated. The impact of changes in the cassava production system, resulting from the 
drying plant technology, on the natural resource base is among the topics suggested for future research. 

Key words: drying plants, cassava markets, utilization, consumption, production, profits. 

Introduction 

The underlying philosophy behind the Integrated Cas-
sava Projects was that declining traditional cassava 
markets did not offer incentives for cassava farmers to 
adopt technologies that would increase production.Therefore, cassava product and/or market div,'rsitica-
Teone.,drie cassava weodurke to broan 
demand, stabilize chips) requiredto foade 

st e prices, and create incentives for the 
adoption of improved cassava production technologies 
at the farm level (Perez-Crespo 1991). 

In 1982 on Colombia's North Coast, the first cas-
sava drying pilot plant was built, based on a small 
farmers' cooperative model. Since then, this model has 
been rapidly adopted in other parts of Colombia and 
throughout the region. In addition, luring the project's 
later years, a strong commercial interest expanded dry-
ing activities into many different forms, thereby 
modifying the original farmers' cooperative model. The 

Integrated Cassava Projects, as piloted in Colombia, has 
served as a model for other countries in Latin America, 
as well as for other continents. 

The rapid adoption of cassava drying technology in 
Colombia has had a significant impact at producer, 

processor, and consumer levels. This paper will 
demonstrate some aspects of adoption and impact of the 
technology, based on monitoring and survey data from 
the Centro Internacional de Agricultura Tropical (CIAT). 

The first section presents adoption and modifica
tion of the Integrated Cassava Project model. Following 
that is a section on the relative performance of cassava 
processing plants. Then the paper outlines how on-farm 
cassava consumption and sales have changed as a result 
of the broader marketing. Asubsequent section on the 
changes in cassava yields shows several impacts of the 
Integrated Cassava Projects. This is followed by some 
general conclusions. 

Economist. Cassava Program, Centro Intemacional de Agricultura Tropical (CIAT). Apartado Aereo 6713, Cali, Colombia. 
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Cassava Drying Technology 
Adoption 
In recent years, information has been presented about 
the rapid diffusion and adoption of cassava drying 
plants in Latin America.' This section will expand on 
this and show that, in addition to rapid adoption in time 
and location, there has been dynamic adoption by dif-
ferent user groups. Also, the basic "cooperative model" 
has been adapted by the commercial sector to serve 
different objectives and market structures. 

Fieure I shows the total numberof cassava process-
ing plants inLatin America. It isestimated that currently 
there are approximately 240 cassava drying plants in 
operation, with the majority located in Colombia. Ac-
celerating plant adoption has been very clear during the 
last two years. This has been caused, to amajor extent, 
by rapid adoption by Brazilian cooperatives and by the 

increasing number of commercial plants in Colombia 
(Fig. 2). It should be noted that in the near future the 
number of plants in Brazil will surpass those in Colom
bia. There are currently more than 50 new plants under 
construction in the Brazilian state of Ceara. Moreover, 
aproject has been funded to diffuse the cassava drying 
technology to other states in Northeast Brazil. Data for 
1991 are estimated because it has not been possible to 
keep an accurate count through monitoring activities 
given the fast, widespread, and diverse types of cassava 
drying. 

Dynamics of the Drying
Technology 
During the initial phase of the project in Colombia, the 
cassava-drying cooperatives sold dried chips to several 
large animal feed manufacturers near large urban 
centers-Barranquilla, Bucaramanga, and Medellin, on 

Figure 1. Adoption of cassava drying plants in Latin America. 
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2 Scc also the Caissava Program Annual Report 1990. 
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Figure 2.Adoption of cassava drying plants inColombia, 1981-91. 
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Colombia's North Coast. However during the last couple 
of years, several changes have been observed (CIAT 
1991c i. 

The market for dried chips has broadened to central 
and southern Colombia, including large feed companies 
in Bogot.6, Bugai, and Cali. Itis believed that the major-
ity of the chips for these markets are being supplied by 
plants on the North Coast. However, the share supplied 
by plants based in southern Colombia and private chip-
pers has been increasing significantly. This is another 
indication that cassava processing technology is spread-
ing into new areas. 


While the initial chip buyers were largely animal 
feed factories, the current user group is much less homo-
genous. An increasing demand has been observed from 
swine, broiler, and egg producers who mix their own 
feed rations, and from cattle operations that need an 
on-farm energy source. Cattle raisers use chips to reduce 
animal weight loss during the dry season, which for
tunately coincides with the cassava processing season. 

Years 

In additioa, a growing demand has become evident from 
cassava starch producers who have started buying cas
sava chips inaddition to fresh roots.
 

The initial cassava processing model as started in 
Sucre in 1982 was based on a small-scale cassava 
farmers' cooperative concept. During the last couple of 
years, this model has been adapted to different commer
cial objectives and markets. Figure 3 shows that in 1990 
an estimated 60% of dry chips (sold only to factories) 
were produced according to the basic model. 3 The rest 
was produced by a heterogenous group of processors, 
based on a large variety of models. It is estimated that 
for 1991 the!latter group has surpassed production of the 
former.Currently,the following cassava drying models
 
have been identified.
 

aamllscleca merce
 
average of 20 legal members.
 

e A cooperative as above, but with 100-400 members. 

Sales to feed factories are the only reliable information that currently exists. It isestimated that these sales comprise between 50
75% (f total chip production. 
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Figure 3. Adoption of cassava drying technology in Colombia by user groups. 
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Note: Total feed industry usage, 16.500 t. 

" 	An association with 2-4 members who on the average 
cultivate more land. The drying plant ison one of the 
member's farm (typical for the Department of San-
tander). 

" 	Both h,.ge and small private commercial plants, 
owned by one or more people, purchasing all roots 
from local farmers. 

* 	 Private entrepreneur who rents to local cassava 
farmers his floor and chipper by unit of weight or
time. 

" 	Private entrepreneur who visits cassava areas with a 
mobile cassava drying unit (drying on plastic sheets). 

" 	On-farm small- to medium-scale drying plant as part 
of acattle operation. 

* 	 Cassava starch processors (Cauca Department) who, 
when starch prices are low, produce dried cassava 
chips. 

" 	Individual small-scale cassava farmers who manual-
ly chip and dry (on any kind of surface) cassava from 

secondary quality roots, when the cassava fresh price 
is too low, or because they are isolated from the fresh 
cassava market. 

Initial dry chip marketing was basically direct 
negotiating between chip producing plants (or its 
marketing association) and feed factories. Due to the 
increasing diversity of producers and consumers, 
volume traded, and the geographical dispersion of 
demand and supply zones, intermediaries have enteredthe marketiig channels and introduced one or more 
prinpins amner tinthis has mde 
pricing points. Among other things, this has made it
possible for isolated small-scale, sporadic, and low

volume cassava chippers to sell their product. The
introduction of intermediation has increased the market
ing margin. 

It is evident that this cassava processing technol
ogy has been rapidly and widely auopted, in time and 
space, for different uses and user groups. Strong
commercial interest and adoption are probably fair 
indicators of the potential benefits to be gained from 
the technology. Also, the adaptation of the original 
model into awide array of applied models increases 
the sustainability of the technology, other things being 
equal. 
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Relative Performance of Drying 

Plants 


As part of long-term monitoring, the cassava drying 
plants on the North Coast were assessed for their in-
dividual performance. The objective of the study was to 
identify, and analyze the most important factors that 
contributed to a plant's success (or failure). In 199 1,29 
cassava cooperatives were surveyed. Criteria chosen to 
rate success were: dried cassava production, profits, 
capacity utilization, and profits per ton of dried cassava. 
The general conclusion of this study is that the prevail-
ing factor for a plant's success is adequate root supply 
commensurate with its floor size, and sufficient work
ing capital (Downing 1991 ). 

With respect to output efficiency, it could be con-
cluded that drying plants situated in the savannah area 
were more successful than plants in other areas (cassava 
is a more predominant crop in the savannah, because of 
harsh agro-climatic conditions). A positive correlation 
exists between dried cassava production and profits. 
Assured root supply is more important than processing 
efficiency and relates directly io the importance of the 
plant's location. The degree of utilized capacity has 
some influence on success. More than 0% of success
ful plants in the savannah utilized at least 50% of their 
capacities. 

When looking at profits per ton of dried cassava, 
the issue of plant size became apparent. A large drying 
floor and large dried cassava production were not neces-
sarily a key to success. Although in theory larger plants 
should enjoy some economies of scale, this was offset 
by the major problem of coordinating a sufficient supply 
of fresh roots to operate such plants at efficient capacity. 
As such, larger plants have had problems with limited 
transportation (number of tractors), and hauling larger 
supplies across longer distances, 

When it was established that root supply and work-
ing capital were the critical factors for a plant's success, 
both were further analyzed acress individual plants. The 
following issues were directly influencing fresh root 
supply: 

Fresh root purchase price competitiveness. During 

the processing season drying plants compete for sup-
plies with the demand for fresh roots from urban centers, 
and to a lesser extent with root demand for starch 
processing. It was found that during the main harvest, 
root prices allowed healthy competition. During the dry 
season, the price offered at plants justified the transport 
of roots from as far away as 250 km. 

Farm size distribution near the drying plant. Itwas 
found that two types of farm size distribution had a 
positive effect on assured root supplies: first, a large 
nuraberofsmall(1-2ha)farms withina l-5kmdistance 
front the plant; and second, asmaller number (15-25) of 
medium-sized (2-4 ha) sized farms within a 5-10 km 
radius. As such, it was demonstrated that a concentra
tion of production in the vicinity of the plant is impor
tant. 
Tractor availability is an important factor for land 
preparation as well as for transportating roots from 
farms to the plant. Under existing conditions, farmers 
need tractors in order to expand to new planted areas. 

Collective cassava fields. A drying plant wit" collec
tive cassava plantings increases its independe,.ce from
competing markets. As such, it increases its own
produced supplies and lowers the risk of under-supply. 
In addition, cooperative cassava plots are a way for 
farmers to increase production in the absence of in
dividually owned land. In the Department of Sucre, with 
the assistance of low-cost financing by local institutions, 
25-60 ha cooperative plots are common. The majority of 
these plots produce cassava with improved tech
nologies. 

Besides an assured root supDly, sufficient working 
capital has pro' en to be a major critical factor in a 
plant's success. When plants have insufficient funds,
purchasing is hampered. This directly influences 
production efficiency. The principal issues behind this 
are: the absence of savings from the previous processing 
season; delays in the release of loans to purchase roots; 
and delays in lpzyinents for dried chip sales by feed 
factories or marketing organizations. 

The information that has been generated with this 
study is of great value in the decision-making process 
for the expansion of old plants and the establishment of 
new plants. The feedback of monitoring information 
serves to increase the successful performance and con
tinued adoption and impact of cassava drying plants. 

Cassava Production andUtilization Changes 

The formula of integrating cassava utilization, mar
keting, a'id production aspects in this research has of
fered the opportunity to use the drying plants (farmers' 
associations) as a vehicle to develop, test, and diffuse 
improved cassava production and management tech
nologies. One methodology to realize this is with pre.
production plots, where the best available production 
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recommendations are tested and validated on-farm in 
commercial-sized plots in areas were cassava drying 
plants have been established.4 Another method has been 
to directly involve drying plants in the multiplication 
and diffusion of improved cassava (and corn) varieties, 
and in stake selection and treatment methodologies. 

For many years, the Colombian National Program 
(ICA) (assisted by CIAT) has been developing and dif-
fusing technology components and several improved 
varieties through its Division of Technology Transfer. 
As a result, there has been diffusion and adoption of a 
wide array of cassava technologies throughout Colom
bia, with most in the precdoini,ai;t;', cassava producing 
departments of the Atlantic Coast. However, it has 
become impossible to distinguish one specific technol-
ogy, in a defined area introduced during aspecific year, 
from others in different areas and years. What one 

observes is a mixture of technologies with differentg 
levels of diffusion, adoption, and impact. 

Objectives of the Study 

In assessing the adoption ofcassava production technol-
ogy in the North Coast, th, first step was to define 
objectives and specific hypotheses to be tested. The 
objective of the study was: 

To analyze the adoption of improved cassava 
production technologies and its effect on the farm 
production, marketing, and utilization system, given 
increased cassava demand after the introduction of cas-
sava drying plants. 

Figure 4 attempts to show in a simplified manner 
how production and processing technologies and their 
adoption and impact are interrelated. Dried cassava 
technology and the cassava production technology 
package are at the adoption level. The newly created 
demand wil influence on-farm cassava consumption 
and sales and will stimulate cassava production at the 
farm level in two ways. In the short run, the tarter is 
able to react by increasing cassava area in the production 
system using traditional technIology. In the interm,.diate 
run. the farmer will attempt to increase productivity. 
This increases the dernand for improve(] cassava 
production technology. In the intermediate to long run 
both productivity and area increase will autgnent a 

gregate supply. As such, the following hypotheses are 
of interest to test: 

* 	 increased cassava demand creates demand for im
proved production technology at the farm level; 

a 	 in the short run, farmers increase planted cassava 
area, decrease fallow period and area, and decrease 
non-harvested cassava area; 

t 	 in the intermediate run, the adoption of technologies 
will increase cassava productivity: 

increased expected returns on cassava and pos
sibilities of obtaining cooperative credit will inten
sify cassava production through increased input and 
tractor usage: and, 

in 	 areas with cassava drying plants, the rate and 
extent of production technology adoption is greater 

than in areas without drying plants. 

As can be seen from the hypotheses, the current 

study does not limit itself to adoption only, but includes 
analysis of impact on productioa, marketing, and 
utilization. 

Ex-ante Stratification 

Three levels of technology influence were identified 
based on the presence of cassava drying plants and 
institutions: level I representing a high level of in
fluence, level 3 having least influence. The level of 
technology influence-along with 1985 census data on 

cassava area by municipality-formed the basis for a 
representative sample frame and size selection which 
covered seven departments in Northern Colombia. A 
farm household survey was developed and tested. Sur
veying of the first five departments took place in July-
October 1991. The preliminary results that follow are 
from the departments of Sucre, Bolivar, and C6rdoba 
only (N = 299). 5 

On-farm Consumption axid 
Utilization Changes 

The newly created demand for cassava dried chips 
will see an immediate effect on on-farm cassava 

4 Frr further iIfrrnalinn on Ihis methodlogy 'cc the Ci',Iava Program Annual Repor 1987-1991. CAT.T;19( a (pp. 186).
5 It shiild he noted that. once data for only three departments are availahe. the results have been adjusted accordingly. 
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Figure 4. Diagram of the adoption and impact of cassava technologies related to the Integrated Cassava 
Projects, Colombia, 1991. 
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Table 1. Comparison of cassava on-farm consumption and sales" in selected states of Colombia by level of 
technology influence, 1991. 

Technology influence level 
Average 1 23 

On-farm consumption 
family 
animals, 

3.6(16) 
2.3 (6) 

2.70(2) 
1.3 (5) 

5.0(19) 
3.0 (6) 

3.3 (16) 
2.7 (7) 

Sales to: 
fresh market 
drying plants 

13.7 (55) 
14.6 (16) 

10).5 (42) 
15.3 (40) 

19.4 (66) 
11.9 (8) 

11.8 (56) 
-

other 
Total production 

2.8 (7) 
37.0 

6.0 (1I) 
35.8 

18.90(I) 
47.2 

2.6 (21) 
23.3 

Source."CIAT 199/c. 
"Values ire in tons and those in parentheses denote percentage of total production. 
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consumption and sales. Table I demonstrates that 
farmers consumed 22% of cassava production on-farm, 
with the majority going to human consumption. While 
on-farm cassava consumption by farm animals is vir-
tually the same across levels, level I typically retains 
(percentage-wise) less cassava for on-farm household 
consumption and sells more to the market than level-3 
farmers. This is also true when calculated in absolute 
volume of' cassava (Table I). In other words, cassava 
farmers in high technology influence areas have become 
more market-oriented. Cassava farmers have started to 
substitute cassava for other starches in their diets. 

Even more striking is that, currently. 22% of cas-
sava production is sold to drying plants. Tne remainder 
is sold to the fresh consumption market. Given the 
criteria for selection of the different levels used in this 
study, it is consistent to observe that level- I farmers sell 
twice as much cassava to drying plants as level-3 
farmers. The latter sell relatively more cassava to the 
fresh market. 

Given the strong influence of cassava drying tech-
nology and its demand across technology levels, it 
would be useful to compare (the little existing) data over 
time. Table 2 compares cassava consumption and sales 
data tetween 1982 and 1991. The differences are sig-
nificant and consistent with the analysis across levels, 
It shows that the share of cassava production consumed 
on the farm (as a percentage of total production) has 
halved during this period. While the production share 
.old to the fresh market in C6rdoba and Bolivar virtually 
remained the same, Sucre experienced a major decline 
in this market from 62% in 1982 to 35% in 1991. The 
main and most obvious explanation for this is the high 
concentration of drying plants in this department. This 

is also the reason for 47% of cassava production being 
sold to drying plants in Sucre. While C6rdoba shows a 
respectable 24%, farmers in Bolivar sell only 2% for 
chip production. Compared to 9 years ago, this trend is 
evidence of the adoption of cassava drying technology. 
In addition, effects of this adoption have not been 
reitricted to areas with a relatively higher level of tech
nology influence and institutional presence, but also to 
areas with fewer or no processing plants or institutional 
presence.
 

Changes in Cassava Area and 
Yield 

A broader market and more stable prices have in
duced an increasing adoption of various improved 
cassava production components. As such, these fac
tors in addition to other exogenous effects have resulted 
in a change in yield (and of course, a change in cassava 

net revenues). Data, by level, shows an overall cassava 
yield average of 12.0 t/ha in a cassava/corn intercrop. 
Considering that significant technology adoption has 
also taken place in level 3, this will not correctly serve 
as an approximation of a traditional (absolute) base. 
Hence, current data were analyzed by department and 
compared witil results from an earlier survey (Janssen 
1982). The comparison (Table 3) shows that since 1982, 
cassava yields have increased by 52% in Bolivar, 56% 
in Sucre, and 76% in C6rc,oba. In addition, comparing 
current yield averages with the national statistical e;
timates (Table4) does not show any significant differen
ces. However, the yield results of the studies need to be 
interpreted with caution, since they do not capture any 
fluctuations due to climatological factors. 

Table 2. Comparison of cassava yield, consumption, and sales in se!ected states of Colombia, 1982 and 1991. 

On-farm cassava consumptiona (% total production) 
1982 stud) 
1991 study 

Sale to fresh market (% total produc'don) 
1982 study 
1991 study 

Sales to drying plants (% total production) 
1982 study 
1991 study 

Sucre C6rdova Bolivar 

34 38 37 
17 18 28 

62 53 60 
35 57 69 

0 0 0 
47 24 2 

Source: 1982 uudv: ,,anssen 1982; 1991 study: CIAT 1991b. 
"This include , both human and animal cassava consumption. 

/ / 
*1 /, 
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Table 3. Comparison of cassava yields (cassava 
/corn intercrop) among selected states in 
Colombia, 1982 and 1991. u 

Sucre C6rdova Bolivar 

1982 	study 17 6.8 

Source: 	1982 study: Janssen 1982; 1991 stud: CIAT 
1991b. 

aValues given in t/ha. 

A farmer can increase cassava production by aug-
menting cassava area in several ways, assuming that, in 
the short run, total farm size remains the same and that 
improved technology is not (yet) adopted. These op-
tions are: ( I ) increase planted area by reducing area in 
fallow or pasture or other crop; and (2) increase area in 
cassava mono-culture. In addition, traditionally non-
cassava growing farmers can start to plant it. 

Table 5 shows that total crop area, both in absolute 
terms (ha) and as a percentage of total farm area, is 
larger at level I than at level 3. Hence, cassava farmers 
in areas of technology influence on the average plant a 
larger area with crops. The share of crops versus other 
farm activities is also larger than on cassava farms in 
areas with low technology influence. This seems consistent with the observation that farmers at level 3 
dedicate relatively more of their l..m area to pastures 

than in level I. These areas are 68% at level 3 and 57.8% 
at level I. Also, the absolute size of pasture land in level
3 is more than twice as large as at level 1. 

On the average, 27.7% of cassava farmers in the 
sample keep land in fallow. The size of fallow land 
compared with the size of crop land averages 20%. 
However, while foi level- I cassava farmers this is only 
14%, it is 40% for level-3 farmers. This implies that 
cassava farmers in high technology influence areas have 
significantly decreased their fallow land. Percentage
wise, more level-3 farmers have more land in fallow 
than level-I farmers. 

Table 4. Cassava area, yield, and production in Colombia, 1986-91. 

1986 1987 

Sucre 8.0 11.5 

C6rdova 7.3 10.0 

Bolivar 17.0 20.0 

Atlantic Coast 61.1 8.7 


Colombia 153.3 159.1 

Sucre 8.0 8.9 

Cordova 7.8 7.0 

Bolfvar 7.5 7.0 

Atlantic Coast 7.8 7.7 


Colombia 8.7 7.9 

Sucre 64.0 102 
C6rdova 53.3 70 
Bolfvar 127.5 140 
Atlantic Coast 475.0 604.0 

Colombia 1,335 1,26) 

Source. Ministry of Agriculture,Bogotd 19Y)1. 
"Preliminary estimate 

1988 1989 

area ( 100 ha) 
7.1 11.0 
6.9 14.0 

18.0 23.0 
69.8 84.5 

148.8 	 170.6 
yield kdha) 

10.0 11.0 
5.0 8.3 
7.5 8.5 
P ! 8.7 

8.6 8.8 

production (000 t) 
71.0 121.0 
34.c 116.2 

13' 195.5 
568.4 734.4 

1,282 1,509 

Annual Absolute 
1990 1991 a growth (%) growth (%) 

17.0 20.0 17.7 150 
16.8 15.9 17.5 118 
28.4 24.2 8.7 42 

109.1 112.4 12.0 84 

207.3 219.7 7.8 43 

10.0 12.0 17.7 50 
11.3 11.3 11.8 55 
9.2 9.3 5.8 24 
9.1 9.8 4.9 26 

9.3 9.5 2.7 9 

170.0 240.0 24.8 275 
190.0 179.5 29.4 237 
261.7 226.4 14.6 78 
990.6 1,097.0 16.9 131 

1,939 2,079 10.5 56 
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When analyzing the relative importance of cassava Impact of Cassava Drying Plants 
in the cropping system (Table 5), the data indicate that 
cassava at all levels takes an important place. We even Cassava drying plants have caused an impact at various 
see that the cassava area as a share of crop land is larger levels and for different beneficiaries. As shown in 
with level-3 farmers. Figure 4, increased market opportunities and more 

stable prices result in acassava area increase at the farm 

level. In the intermediate run, farmers start to adopt
Information from previous cassava production sur-

veys showed that because of large cassava price fluc- production technologies in order to intensify produc

tion, resulting inhigher productivity. The augmented
tuations, at times it was not economical to harvest part 
of the cassava area. Harvesting labor outweighed the supply under better market conditions improves

farmers' cassava revenues. In addition, cassava 
low revenues from cassava sales. However, when weanalyze the current data, on average 86% of the farmers producers slowly change from subsistsence farmers to 
in the sample contested that they always harvested market-oriented farmers. This results inless on-far 
same cassava area as was planted. This answer was cassava consumption. A,the farm household level, this 

vi ven by 98% of level- I farmers compared to 89'4 of will gradually change expendituic patterns and diets. 
level-3 farmers. The small difference between these two One of the final goals of development and diffusion 
levels is because of the influence that all levels enjoy of cassava production and utilization technologies has 
from stabilized cassava prices. This results from the been to improve small farmer incomes. When looking 
dried cassava price functioning as a price floor in the at overall production technology adoption figures, 
fresh cassava market. Table 6 shows that 71% of the surveyed farmers had 

adopted at least one production technology component. 
These data show that for all aspects, in the short run, Again, this figure was significantly higher at level I. It 

cassava farmers are increasing cassava production by also shows that 59% of cassava farmers have ex

reorganizing areas in cassava and in fallow, and in perienced increased cassava demand and a broader 
harvested area. Secondary time-series data on cassava market over the last half decade. In order to capture the 
area, yield, and production seem consistent with the effect of introduced technologies, the farmers were 

above notion. Table 4 demonstrates that between 1986- asked if they had experienced again incassava revenues 
91 the cassava area in Sucre experienced an annual resulting from technology adoption. Eighty percent of 
growth of 17.7% and in Crrdoba 17.5%. the farmers agreed to this statement. The reasons for this 

Table 5. Changes in area utilikation of cassava farms by level of technology influence in several states of 
Colombia, 1991. 

Technology influence level 
Average 2 3 

Tntal crop area (ha) 3.5 4.1 3.4 3.1 
Crop area. (() total farm area 29.0 34.0 35.0 22.0 

(I;,) farmers with pasture 55.0 71.0 49.5 45.5 
Average pasture area (ha) 13.7 9.9 11.8 21.1 
Pasturcs, if); total farm area 62.6 57.8 60.0 68.0 

Average cas,,ava area (ha) 2.5 2.7 2.4 2.3 
Casava area. j '1 total crop area 70.0 66.5 70.0 74.0 

('7(. farmer', with fallow land 27.7 25.5 19.6 37.6 
Averagce allow area (ha) 2.5 2.3 1.4 3.3 
Fallow area, ('T/ ) total crop area 20.0 14.0 8.I 40.0 

Sottcr: CI7CassavaEconomics 199/h. 
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Table 6. Comparison of cassava technology component adoption in selected states of Colombia, by level of 

aValues given are in the percentage of surveyed respondents who had adopted ihe technology. 

technology influence, 1991.a 

Average 1 
Technology influence level 

2 3 

Adoption of at least one produc
tion technology component 

Increased demand and broader market 
71 
59 

85 
71 

69 
57 

59 
49 

Income improvement from cassava 
technology 80 91 73 75 

Reasons for income improvement 
better prices 
better markets 

43 
40 

33 
48 

53 
26 

49 
41 

better production 9 16 7 1 
Source: CIAT Cassava Economics 1991b. 

income improvement could be divided into "better 
prices," "better markets," and "better production." Bet-
ter markets and prices captured 83%, while the reason 
"better cassava production" was 9%. It is especially 
interesting to analyze these results across levels. More 
farmers at level 3 find better cassava prices important 
for income improvement than at level I. The latter 
showed a relatively higher response for better produc
tion. This is very consistent with observed adoption 
levels. Level- I farmers have experienced more adop-
tion of production technologies than level-3 farmers. In 
the latter group, prices and markets are relatively more 
important. 

When analyzing benefits from technokgy at the 
consumer level, Figu'e 4 shows that increased cassava 
supplies will decrease fresh root prices. Given cassava 
demand elasticities and relative prices of substitute car-
bohydrates, it is visualized thnt fresh cassava consump-
tion in the lower income strata of the population will 
increase. Inthis manner, cassava consumers are directly
benefitting from ower retail cassava prices. These 
benefits are currently being quantified by CIAT's cas-
sava economics section. 

However. itcan be shown that the additional value 
of dried cassava currently amounts to US$ 7.5 mil-
lion/year. Animal feed factories on the average reduce 
costs by US$ IO/t of substituted sorghum, which means 
an accumulated direct gain (,f US$ 5X),O00 for this 
industry in 1991. In addition, the decreased (partial) 
reliance of the Colombian animal feed industry on sor-

ghum imports, translates into an annual foreign ex
change savings of US$ 5.1 million. Part of this sum 
represents government savings on decreased domestic 
sorghum subsidies (in the form of high support prices), 
since dried cassava substitutes for imported and/or 
domestically produced sorghum. As such, this has 
decreased the social cost (Henry and Best 1991). 

Besides direct and indirect monetary benefits, the 
cassava drying technology has generated substantial 
employment opportunities. It is estimated that with 
current production, approximately 1,263 man/yr of 
labor are being directly generated each year. Inaddition, 
cassava drying has produced backward and forward 
linkages in other industries and services. This is es
timated to amount to 252 man/yr (Henry and Best 1991). 
Creation of employment opportunities in these marginal 
cassava producing areas is crucial, since poverty and 
unemployment indices are most often the highest (as is 
the case for Brazil, Ecuador, and Colombia). 

The above measures of technology impact have 
been relatively easy to quantify. However, additional 
indirect impacts on community welfare, institutional 
support, and the environment can only be described 
qualitatively at this stage. It has been observed that the 
introduction of cassava drying cooperative- has in
creased community development in general. Coopera
tives form an incentive to start other non-cassava related 
community activities. Moreover, cooperatives serve as 
a vehicle for strengthening local institutional support 
and technical assistance in the area. Also, cassava 
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drying activities have sparked a dialogue between local 
institutions, 

Cassava has 'traditionally been discriminated 
against in the allocation of national research, extension, 
and credit resources in favor of primary crops like 
grains. With the introduction of cassava drying ac-
tivities and the subsequent increase of institutional col-
laboration and awareness about the significant benefits 
and future potential for this crop, cassava is gaining 
more political clout. This will positively benefit future 
national cassava research and development. 

Conclusion 
In the previous sections it was shown that cassava 
drying technology has achieved significant adoption 
levels. And that the cassava drying model which was 

originally introduced has been modified to fit different 
interests, objectives, and environments. It was also 

demonstrate,] that on-farm consumption and sales pat-

terns have changed. Cassava farmers currently can max-

imize cassava sales by selling their roots to either the 
fresh or drit! cassava markets. Increasing adoption of 

cassava production technologies, together with a wider 

market, have increased farmers incomes, while con-

sumers, processors, and government are also reaping 
benefits from cassava technologies. 

When relating these results with the stated 
hypotheses, they indicate that all the hypotheses hold. 
The data have sho", that given ir,creased cassava 
demand, farmers augment cassava production area and 
adopt technology components to increase productivity. 
Thus, increased cassava demand has increased the 
demand for improved production technologies. It also 
holds that in areas with a higher concentratior, of cas- 
.ava drying piants and institutional presence, the level 
of production technology adoption is greater than in 
areas with les (or no) drying plants and little institu
tional pr'?sence. In addition, it seems that cassava drying 
cooperatives can very well serve as an efficient and 

effectie vehicle for production technology diffusion. 
However, the analysis %,o far presented is hased on an 
incompleic ample. As soon as allthe data ire collected 
and analyzcJ. a more ,en-depth study ()f si of these 
aspects can he made. 

Besides further in-depth analyses mi adoption 
aspec's, assessment needs to he done on how changes 

in the cassava production system affect the preservation 
of the natural resource base. This is important, given that 
the predominantly cassava production areas are mainly 
in regions with highly fragile soils. Another aspect 
regarding the sustainability of improved cassava tech
nologies is the effect of governmental policies on the 
comparative cost advantage that cassava enjoys in sub
stituting sorghum in animal feed rations. The opening 
of Latin American economies to world markets and its 
effect on the future potential of cassava is a subject for 
detailed investigation. 
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The Three "R's" of Writing a Research Report:
 

Getting It Written, Getting It Right, Getting It Read
 

GregoryJ. Scott1 

Abstract 

Many researchers often find it easier to collect and analyze data than to synthesize their findings in a 
research report. This paper provides some practical suggestions on how to make the report writing exercise 
less tedious and the final product more effective. Examples are frequently cited based on the author's own 
experience or procedures of others as gleaned from the literature. Key elements emphasized in the paper 
are planning, and breaking larger tasks into more doable endeavors. Achecklist of questions for effective 
report writing is included in a supplement. 

Key words: writing, research report, planning, procedures. 

Introduction 

Most agricultural research projects are judged on the 
basis of methods, findings, and recommendations pre-
sented in a written report. Few people have time to go 
to the field to review procedures, to re-analyze data 
collected or to talk to researchers about results. Despite 
the importance of preparing a well-written report for the 
success of applied agricultural research, the literature 
has emphasized instead the theoretical or conceptual 
underpinnings of such work or ways to improve (e.g., 
speed-up) data collection and analysis. Relatively little 
has been said about how to go about writing the research 
report itself.2 The purpose of this paper is to provide 
some practical suggestions on how to do this more 
efficiently and more effectively. The first part presents 
tips for preparing a first draft of a research report. The 
next part proposes guidelineson polishing that first draft 
into a truly readable final version. The final part offers 
some advice on how to broaden the diffusion of the 
report's central findings. Though the term report isused 
throughout, it applies to all forms of reporting research 
results including articles, papers, and studies. Supple-
ment I consists of achecklist that summarizes many of 
the points raised in the paper. 

Getting It Written:
 
Putting Together a First Draft
 
Psychologists tell us that it is often easier to tackle a 
complex job by breaking it down into separate pieces of 
work which can be finished more easily. In the case of 
agricultural research, one commonly thinks of three 
phases: (1) research design; (2) data collection and 
analysis; and, (3) writing the final report. The first two 
phases are the most interesting. Writing the final report 
frequently proves much more tedious. One way to try 
and make this job less onerous is to break down the 
preparation of a final report into smaller bits of work. 
The most obvious distinction here is between preparing 
a draft and completing a final version. This part of the 
paper suggests ways to make a writing of a first draft 
less demanding; the following part offers similar ideas 
for finishing a final version. 

Beginning at the End: 
Think of the Report First 

Research reports are typically prepared at the end of a 
research project. Holtzman (1986) suggests another ap
proach. He proposes thinking very carefully at the begin

' Leader, Postharvest Management and Marketing Program, International Potato Center (CIP), P.O. Boy 5969, Lima, Peru.2	This problem is touched on albeit briefly, in Casley and Lury (1981:166-167, 174-182); Holtzman (1986:63-65); and, for policy memos, 

Monke and Pearson (1989:242-252). 
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ning about atentative table ofcontents (see below) that 
includes alist of topics to be covered in the final report. 
More specific ideas then can be jotted down under the 
section headings foreasy reference. This serves as asort 
of checklist or guide-in addition to the original re-
search proposal-as to what sort of data are essential 
versus information that need not be collected. It also 
makes it easier to separate sections (e.g., literature review 
and analysis of secondary data) that can he written as 
the study progresses rather than wait till the end to write 
up everything. The basic point is that afirst draft of a 
research report is easier to prepare if one doesn't wait 
to begin doing so until the end, when the researcher is 
mentally tired, frequently short of time, and under pres-,;ure to complete the job. 

Budgeting the Time and Resources 
Successful agricultural research requires many things, 
but perhaps none more important than the planning 
needed to complete afinal report. Writing agood report 
is not easy, but writing; such a report in one-tenth or 
one-twentieth of the time necessary is impossible. How 
much time isnecessary? A rough estimate isnearly the 
amount of time needed to collect the data. Remember: 
writing not only takes time but also mental and financial 
resources. If you exhaust yourself inthe data collection, 
you simply won't have the powers of concentration 
needed to complete a report. Furthermore, preparing 
and publishing areport costs money. Many researchers 
are unable to complete their reports because they failed 
to consider at the outset the resources necessary to do so. 

Taking too much time to write areport can also be 
aproblem. Some reearchers want to prcpare the defini-
tive statement on the topic i.e., definitive in detail, in 
length, incoverage. Inso doing, they tl', mselves create 
an insurmountable obstacle tocompletion of their report 
simply because there isnever enough time for aperfect 
report. Remember an imperfect report can be made 
better with revisions, editing; hence, areport always has 
to be finished first, then improved on. 

Getting Started: 
State a Question, then Answer it 

Some people have difficulty preparing a draft report 
because they have so much material, so many ideas that 
they don't know where to begin. One way to overcome 
this difficulty isto specify the key research question (or 
hypothesis) the report is intended to address. If that 
question can beclearly identified at the beginning of the 
report and the reason(s) why it is important, then what 

follows becomes simply an attempt to answer the ques
tion (or to address the issue). 

In formulating the key question for the research 
report, utmost care should be taken to ensure that it 
focuses on the original objectives of the research pro
ject. Some reports pose, then answerextremely interesting 
questions; but fail to consider the project's objectives in 
so doing. Clearly, a research report needs to do both. 

Different researchers use different techniques for 
writing the opening paragraphs of areport.Three of the
 
wint oning aaraphs of a e Theo 
to be addressed; (2) the purpose or objective of thestudy; or (3)the principal theme or subject matter to bediscussed. These techniques are not mutually exclusive. 

For example, the author may state a question, "Under 
such circumstances, the following key question fre
quently arises: ifgrowers produce more potatoes, where 
will they be marketed?" He then may follow this with a 
statement of purpose such as, "the purpose of this study 
is (1)to provide an answer to this question, in the 
particular case of Thailand, and (2) to present an ex
ample for similar studies in other Southeast Asian coun
tries." Additional examples may be found in the Preface 
or Introduction of most research reports. Other studies 
therefore may provide some useful ideas on how to 
begin your own report. 

Building Blocks 
for a Research Report 

Once the topic has been defined and its importance 
indicated, the report should contain treatments of a 
seres of related subjects. These include: (I) the meth
odology used; (2)the results and what they mean; (3) 
the conclusion, followed by adiscussion of the implica
tions for policy and for future research; and, (4) and a 
list of references. Although these are essential com
ponents of almost any research report, how they are 
-tructured can vary according to each author's own 
judgement. Ideas on how to organize a report can be 
found by looking through the table of contents of dif
ferent reports. The important point here isthat any 
report should include these essential components. 

Once these building blocks are in place, the first 
draft isweli on its way to completion. Nevertheless, it's 
easy to become overwhelmed by the prospect of writing 
areport, especially if you envision the task as something 
to be completed in one tremendous burst of energy. A 
more practical approach is to build on the ideas (possib
ly paragraphs) noted down in the course of the data 
collection and analysis as alluded to earlier. If the writ
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ing does not flow freely--or to make it easier, it may" 
useful to prepare a fairly detailed outline with chapter 
and sub-sections. Topics to be discussed under each 
sub-section can then be briefly written under each head-
ing in a few words or a phrase or two. Utilizing this 
outline, one can then spend time each day writing one 
or two subsections of a chapter. Getting a little done over 
several days gradually builds self-confidence and a 
sense of momentum. As the sub-sections and then chap-
ters are written up, the report itself becomes easier to work 
on because one can se the final product materializing, 

Balance and Focus 

In drafting paragraphs or chapters for a final report, one 
might well ask: how much space should I devote to 
discussing a particular section? A helpful guideline is 
to remember that the bulk of the study should be devoted 
to the presentation and discussion of the research find-
ings. As such it should represent well over 50% of the 
body of the report. Another 10-15% should go to the 
Introduction and Conclusions; the remainder should 
cover the methodology used, the review of the literature, 
etc. 

Report writing (and reading) can get bogged down 
if a disproportionate share of space is devoted to defin-
ing the topic or explaining the methodology. If there is 
more to say about methods for example, the most im-
portant points can perhaps be summarized in the main 
body of the report and the rest presented in an appendix. 
Put somewhat differently, a first draft should get quickly 
through the preliminary sections or chapters to em
phasize the discussion of results. Furthermore, many 
repors present page after page of data but then only the 
briefest Conclusions (if any at all). Or many an author, 
apparently in a rush to finish the report, will overlook 
the recommendations or simply list them without any 
explanation. The contents of this section of the report 
may seem redundant or obvious to the author-researcher, 
but they clearly need extra attention if they are to be 
easily understood by others. Other studies can provide 
additional ideas on the proper proportions to give a 
report. 

Focusing on only relevant research results can also 
help speed-up the report writing process. Many people 
confuse writin, up their research results with writing 
down every research result. Remember: keep the report 
f cused on the question to be answered; if need be, 
some--even a lot---of the data collected may have to be 
left out. By focusing on the pertinent material, the 
preparation of a first draft can be made that much easier. 

Working Around Writer's Block 

Some reserarchers can prepare a detailed outline, start 
out writinf a draft report, but then find that their mind 
goes blan,. They complain that they can't seem to write 
anything .n the next topic. They try doing something 
else for z few days, but often this results in their falling 
completely out of the writing frame of mind. An alter
native approach is to go beyond the topic that one has 
nothing to say on for the moment to one somewhere else 
in the table of contents that one can more easily write 
about. Once one or two sub-sections are finished, one 

can more easily go back to the more demanding parts 
and write those up. 

The combination of these suggestions should help 
you plan the time required to write the first draft, or
ganize and develop the basic topics to be covered in such 
a document, and complete the initial version of your 
final report by not overextending the coverage and 
working around momentary lapses in concentration. 
The next part suggests ways to transform the rough draft 
into a polished final report. 

Getting it Right:
 
Preparing the Final Version
 

Once the draft of a research report has been completed, 
the author shifts his attention to sharpening the analysis 
and improving the style. The following ideas are in
tended as suggestions to help facilitate this process. 

Seeking and Using Comments 

Some researchers assume that they are solely respon
sible for the contents of their reports, only to be com
pletely dismayed when key readers cannot follow certain 
passages in the text or when an important policy maker 
points out that a critical issue has been overlooked. Even 
the most renowned scientists solicit comments. The 
point is to not take such criticisms personally (some
times a lot easier said than done) and to look for the 
useful comments and react to those, ignoring the rest. 
One test of validity is to discuss comments with a 
colleague who understands your work. There is often 
more objectivity from a friendly, not objective other. 

A prospective policy maker is more likely to re
sp.-id positively to a report's recommendations if he is 
given the opportunity to provide some input into the 
conclusions and policy proposals. Nobody likes to be 
presented with afait accompli. On the contrary, many 
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policy makers and administrators may be flattered that Presenting Both Sides of the Issue 
someone actually asks them for their opinion. More
over, if you ask someone for comments and they fail to 
respond, then they can't complain about the contents of 
the final report. 

Researchers can also make the opposite mistake by 
circulating a draft that contains so mwanyv errors and 

omissions that, in effect, they expect the commentatorsto hlptehemwrierport On coseqenc of 

passing around a poor quality draft is that the serious 

reader can readily c.,rrect so many' basic mistakes in 

spelling, syntax and data presentation that he or she 

never has to grapple with substanti\e issues. If one 

hopes to receive quality comments from reviewers, then 

provide them with as good adraft as possible. 


Stating the Obvious F'irst 

When one writes a research report, one tends to em-
phasize less what is certain and more what remains to 
be studied. Remember: a research report is for people 
who know less about the topic than the author. One 
therefore may need to explain certain basic facts that 
may seem obvious to the researcher, but that are much 
less evident to the reader. For example, if the report 
discusses farm production problems, then a brief dis-
cussion of the various types of crops grown, their relativeii te mpmsrtafceto al rod ctio wo ld elpTh
tive importance in terms of total production would help
orient the reader. Alternatively, if it analyzes consump
tion patterns for a given commodity, some informationon the composition of the overall diet would also be 
helpful. 

Some studies dedicate considerable space to explain-
ing and qualifying specific information about particular 
producers, consumers, or traders without mentioning any 
of their common traits or predicaments. For example, it 
may be interesting that different types of producers paid
different prices for labor, fertilizer, and pesticides; but, 
this fact should not obscure general results like the 
number of producers interviewed, or, that no producers 
used mechanical equipment in their crop production, 
Therefore, after completing the presentation of this type 
of data, re-read the results and ask yourself: have I 
included the most obvious relevant information? 

A research report is always much more convincing if it 
acknowledges different points of view, explains their 
respective strengths and weaknesses, and offers evi
dence to support one position rather than another. Mostserious readers tend to be sceptical. If you expect to 
srosraestn ob cpia.I o xettconvince them, you have to indicate that you are aware 

of other points of view, that you understand them and 
can account for them in your interpretation of the evidence. Incontrast, reports that only present theuthors 
point of view can be dismissed by policy makers as 
po oftea by imisse oi ames 
(i i rro reud moreierse e
(quite possibly erroreous) sound more persuasive be
cause they mention both sides of the issue. 

Being Accurate and Consistent 
There is always a temptation in applied research to 
overstate the case. The interpretation of the evidence 
tends to go beyond what the facts themselves would 
allow. Although this may only be true for a tiny portion 
of the report, it tends to discredit the entire study. If the 
results offer indications that something is true without 
confirming it beyond a doubt, it is best to say instead, 
"it appears that..." or "the weight of the evidence sug
gests." 

e careful re'der will also detect inconsistencies 
in a report. For example, if you are going to say some

thing about food consumption when discussing fodproduction, then subsequent statements about produc
tion when analyzing consumption had better be consistent. In individual chapters, the inconsistencies may not 
be apparent. Therefore, during the revision of the rough 
draft, this is something to watch out for in particular. 

Spelling, Syntax, and Grammar 

Any draft report may contain spelling errors or 
errors of syntax. Nevertheless, a final report that is 
riddled with these mistakes may disconcert the reader 
as readily as one with obvious errors of fact. Careful 
re-reading can eliminate them. Even the most ex
perienced researcher recognizes the need for this type 
of text editing. 

Standard guides to professional writing include: The Chicago ManualofStyle. t982 (13th edition.) University of Chicago Press; Words
 
into Type. 1974 (3rd edition). Pretince-Hall. Inc.. CBE Style Manual. 1983 (51h edition), Council of Biological Editors. Inc. See a

major library near you for additional materials of this type. Note as well that some research institutes have specific guidelines for the

diffusion of research results. For example, in Pen. the Ministry of Agriculture has published amanual on how to go about this, Manual
 
Norniativopara IDifusin de los Resultados de la Investigaci6n Agropecuoria, 1977, Ministerio de Agricultura, Peru.
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The same attention is required in the presentation 
of data. Any time sources and citations are not present 
in a research report, the credibility of the document 
comes into question (even if the data presented and 
references made could be completely verified). It sug-
gests that the author is careless and therefore implies 
that his policy recommendations may be similarly 
flawed. If the report includes data in the text or tables, 
include asource for these figures. If they are data from 
a project survey, simply put "Source: Survey for this 
study." Similarly, all tables should be constructed alike: 
numbers, title, sub-headings, sources, and notes (I also 
like to put sources on all figures and maps). If the 
presentation varies markedly from table to table, it 
makes it more likely that there will be errors or omissions that are overlooked inrevisions. Check the presen-
taion tn simare ste oge revsin eof the different 
tation in similar studies to get an idea oboth 
acceptable formats and to appreciate how professionalwiters adhere to them throughout their publications. 

Breaking Up the Text 

The longer the report, the more complicated the argu- 
ment, 
"signposts" to guide the reader and some "rest stops" 
for him to collect his thoughts before moving on. Most 
reports are easier to follow if they include a brief( 1-2 
paragraphs) introduction at the beginning ofeach chap
ter in which the topics to be taken up in that chapter are 
identified. Such chapters can also conclude with abrief 
summary and aphrase or two which provides a transi-
tion to the next chapter. 

Within segments of the report (be they chapters or 
sections), it is also a good idea to put subject headings 
every time the focus of the text shifts from one major 
topic to another. In so doing, the heading alerts the 
reader to changes in subject matter. It also allows for 
easier, later reference to the discussion of particular 
topics. 

Rewriting: 
Less is More; Too Little Not Enough 

Inaddition to the other improvements mentioned above, 
rewriting should aim to minimize repetition, to shorten 
phrases or paragraphs that are simply too wordy and to 
eliminate irrelevant sectionsordata.The basicobjective 

of report writing is,after all, to inform the reader, not 
to bore him. 

One of the most effective ways to shorten a report 
without necessarily eliminating relevant information is 
to put all but the essential tables in an appendix. If the 
main body of the report contains more data than 
analysis, the critical reader suspects that the researcher 
may not have known precisely what it was he was 
looking for, nor what to make of the data collected. 
When the text refers to data in the appendix, the reader 
isless likely to get bogged down reviewing numberafter 
number while remaining appreciative that the figures 
are readily accessible if they need to be consulted. 

There is,however, adanger ii being so concise that 
the text becomes cryptic. Effective rewriting requires

eliminating the unnecessary and clarifying the 
essential. Policy recommendations deserve special at
tention so that decision makers (who want to take the 
researcher's advice) know precisely what it is that is 
being proposed. 

These practical suggestions should help in the preparation of awell written, final research report. But that's 
only part of th job. If the research is to have an impact 
at the local, regional or national level, the next task is 
at the findins ra. 
getting the findings read. 

Getting It Read:
 
Circulating Your Own Research
 

Agricultural scientists sometimes take the attitude 
that once they've finished the report and provided writ
ten recommendations it isup to abenevolent (or omnis
cient?) policy maker to recognize the brilliance in the 
findings and policy implications. Things rarely work 
that way. Alternatively, these researchers may assume 
that most of their potential readers could care less so 
why bother trying to reach abroader audience? The fact 
is that scientists have to edit their results differently for 
policy makers and fellow researchers. Here are some 
practical suggestions on how to go about this. 

The Abstract 

The purpose of the Abstract is to provide the reader 
with an encapsulated version of the entire report: the 
problem to be analyzed, the most salient research find

4 See the publications listed under Footnote 3 for more detailed advice on this issue. 
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ings, and the implications for policy and future research. 
Ideally, this brief paragraph focuses on only the key 
components of the entire study. Some authors prefer an 
Executive Summary (see below) instead. However, 
the Abstract can be an effective way of getting the 
message to interested readers who simply do not have 
time to read more. If done well, itcan even prompt those 
who may have never bothered to read the report to 
actually do so. 

Style and content are also (if not more) important 
in an Abstract. A crispiy written Abstract crammed 
with results and policy recommendations can stimulate 
interest; a flat bit of prose bores readers. Likewise an 
Abstract need not answer all questions posed in the 
report, but it certainly should address one or two. Read
ers need something substantive if they are to considerreading the main report let alcnc grasp the essential 
findings, 

The Executive Summary 

A secand way to provide busy readers with the report's 
basic message is an Executive Summary. Many people 
might want to examine the entire study, hut simply do 
not have time, e.g., they may need to make a decision 
now. If the report provides a 1-3 page summary at the 
beginning, this can stimulate someone to at least famil
iarize himself with the essential findings. People who 
read the Executive Summary might even be motivated 
to look at the complete report. It should be emphasized 
that the Executive Summary must provide a complete 
and accurate synthesis of the findings and recommen-
dations so that those who only read this abbreviated 
version get the same information (just without the 
detail) as those who read the full length report. Par-
ticular attention must be given to include a succinct, but 
complete review of the policy recommendations. A 
quick look at copies of other studies that include such 
summaries can provide some specific examples of how 
to go about this. 

A Concise Version of the Report 

A separate, short report in which you include only the 
most essential data and a bibliography (which cites the 
main report) is another option. It may not be possible to 
duplicate numerous copies of the complete final report-
including the Abstract and Executive Summary-
given its length and the resources required for sch a 
job. Athinner version can be circulated to amuch larger 
number of people. Those that are interested can consult 

the complete version for more detail or to examine the
 
data.
 

Finally, many reports are not widely read because 
they simply are not available, e.g., the author has one 
copy and his immediate boss (long ago transferred to 
another position) another. In many research institutes, 
the researcher is required to furnish one or two copies 
of his research report for the institution's main library.
This procedure is to be recommended as a general 
practice. 

Published Summaries 
and Popular Articles 

In many research organizations, it may not be feasible
 
to distribute sufficient copies of your final report 
 toensure proper diffusion of the findings. Nevertheless, 
such institutions frequently have research bulletins or 
magazines inwhich an abbreviated version of the report 
might well be printed. For example, the National Agri
cultural Research Institute in Peru (INIAA). publishes 
the Revista del INIAA; in the Philippines, the Philippine 
Council for Agriculture, Forestry and Natural Resour
ces Research and Development (PCARRD) prints the 
PCARRD Monitor. 

Developing countries typically have various publi
cations in which articles will appear on agriculture and 
rural development. In Peru, for example, popularized 
articles often appear in such magazines as Agro-Noti
cias while short research pieces appear in Actualidad 
Econ6mica del Perai. Results of a recently completed, 
original piece of applied research is just what readers of 
these publications find of interest. Asmall summary for 
publication in this type of press enables the results to 
reach an audience that the researcher perhaps does not 
normally come in contact with. 

Conference and Seminar Papers 

Meetings of professional associations, conferences, and 
seminars organized on particular topics are another 
avenue for presenting the results of your research. While 
such meetings typically have particular requirements in 
terms of topics to emphasize and the acceptable length 
and style of paper, they do offer the opportunity to reach 
an audience that one may not have come in contact with 
and therefore it is worth the extra effort. If the report 
itself has been written up, itusually does not require that 
much additional work to prepare another paper. 

,4/, 
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The advantages of this type of vehicle for publish- ship, requirements in terms of style, as well as topics
ing asegment of the report's findings are twofold. First, about which they are most likely to publish articles.
it gives one the chance, perhaps, to put adifferent slant Such information can be gathered by visiting a major 
on the ideas presented in the report in additicn to pre- library and perusing back issues.6 

senting the basic findings in a new forum. Second, some 
ideas that may not have been as clear or as well devel
oped as one might have wished in the original paper can 
now be clarified or elaborated on. 

Refereed Journals 

at Home and Abroad 

In nearly all developing countries, professional journals 
are published by local universities, development in-
stitutes or professional associations, e.g., The Philippine 
Agriculturalist, Bulletin Agricole du Rwanda, or India 
Journal ofAgricultural Economics. Although publish
ing in such specialized journals frequently will require 
rewriting the final report to conform to the publication
requirements of the journal in question, this bit of addi-
tional work is modest in comparison with the time and 
effort that went into preparing the original study. 5 And, 
publishing in aspecialized journal brings the results to 
the attention of the professional research community-
a group often more diverse than simply those who do 
research in Ministries or National Agricultural Re-
search Institutes. 

Some researchers assume that the only appropriate 
professional journals to publish in are those abroad. 
However, those journals published in the country where 
the research is carried out are likely to be much more 
interested in the results because their readers may be 
planning to do research on asimilar topic. Such publi-
cations are also more likely to come to the attention of 
policy makers in the countries in question. 

Professional journals in foreign countries are another 
possibility. Each journal has its own particular reader-

Conclusion 

This paper has presented aset of practical suggestions
for preparing afirst draft, polishing afinal version, and 
diffusing the results of aresearch report. The informa
tion contained inthe accompanying Notes, References, 
and Supplements offer additional suggestions. Afterreviewing these materials, readers may want to consult 
a major library for additional ideas on one or more of 
the points mentioned. 
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Supplement 1 

A 	Checklist for Effective Report Writing 

i. 	 Have youdevelopedatentativetableofcontents for 
the fial report at the beginning of your research 
project? 

2. 	 Have you set aside enough time to write, revise, and 
print your research report? Have you included 
report writing and printing costs in the research 
budget? 

3. 	 Have you prepared a detailed oufline for the final 
draft? Does it include sections on methodology, 
results, conclusions, and recommendations with 
specific topics to be discussed under each? How 
does it compare with the table of contents in similar 
studies'? 

4. 	 Does the Introduction of your report identify akey 
research question(s) to be answered? And indicate 
its importance? 

5. 	 Inyour report, do you explain the methodology you 
used? Are detailed methodological facts placed in 
an Appendix? 

6. 	 Does your report include Conclusions? Are there 
recommendations to policy makers? Have you 
identified topics for future research? 

7. 	 Does the report include a list of references? 

8. Do tables, figures, etc., all follow the same format? 
Do they include necessary information such as 
source, units of measure. economic values, etc.? 
Have you checked other publications to see how the 
format you use compares" 

9. 	 Have you eliminated all basic mistakes such as 
spelling errors, typos, inclusion of sources from 
your draft before you circulate it for comments? 
Have you corrected errors in syntax and grammar? 

10. 	 Have you checked for inconsistences in the data 
presened indifferent sections of the study? 

I1.	Does the report devote most of the text to research 
results and discussion? 

12. 	 Haveyousoughtoutcommentsonafirstdraft fronar 
key decision makers? 

13. 	 Does the report present both sides of key issues? 

14. 	 Have irrelevant data and repetition been eliminated 
in the rewriting of the first draft? Can large sets of 
numbers be placed in an Appendix? 

15. 	 Are the policy recommendations fully developed 
and easy to understand? 

16. 	 Does the report include an Abstract? an Executive 
Summary? 

17. 	 Have you considered preparing brief summaries for 
publication in the Institute's own research bulletin 
or in popular magazines? 

18. 	 Have you checked at a research library for local 
refereed journals that might publish an article based 
on your report? 
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1. Making sweetpotato bread in Peru (CII1). 

2 2. Traditional ca.ssava proc.ssing in Africa (IITA). 

3. Cassava chipping in Latin America (CIAT). 

4. lmproved cassava processing in Nigeria (IITA). 

5. Vill,'_,c-lcvel production of swcelpotato noodles in 
5 Chir,., (CI P). 

6 6.Adrum-peeler for village-level potato processing in 
India ((IP). 
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