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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 Asia. 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 China
(including Taiwan), the Philippines, Indonesia, Thailand, Vietnam, Korea, India, and-in the case
of aroids-the countries of the South Pacific. Particular attention is given to production, niarket
ing, and consumption trends that either have facilitated or resulted from fhe growth in process
ing. In addition, an overall approach to product development is outlined followed by specific
papers on each of the components including: assessing procc:,sing potential; research in support
of product and product 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 contains an overview of co'intry needs;
recommendati:ms for future horizontal collaboration; and specific proposals for added support
from the International Potato Center (CIP) and the Centro Internacional de Agricultura Tropical
(CIAT) for work on product development for roots and tubers in Asia. 

Compendio 

E procesamiento de raices y tubrculos es de creciente inter~s para los agricultores, comercian
tes, investigadores y politicos en muchos paises de Asia. 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 China (incluyendo Taiwan), Filipinas, Indonesia, Tailandia, Vietnam,
Korea, India y, para el caso de aroideas, los paises del Pacifico Sur. Se presta especial atenci6n a
las tendencias de producci6n, comerciclizaci6n y constm(o de estos cultivos, en la medida que
han facilitado L-1crecimiento de la actividad de procesamiento o han sido resultado de 6sta. 
Ademis, se presenta tin enfoque global seguido por ponencias especificas .obre cada uno de los 
componentes incluyendo: la evaluacidn del potencial del procesamiento; investigaci6n sobre 
prod uctos y procesos; establecimiento de las operaciones en plantas pioto, 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 especffico, estdn el procesamiento de yuca para la
alimentaci6n animal, bocaditos y d ulces de camote, y procesamiento de papa a nivel rfistico para
hacer harinas y mezclas. El documento contiene tambin un resumen de las necesidades de los 
parses, en lo que se refiere al desarrollo de nuevos productos y procesos de raies y tub~rculos;
recomendaciones para la colaboraci6n entre parses de Ia regi6n; y propuestas para el apayo del 
Centro Internacional de Ia Papa (CIP) y el Centro Internacional de Agricultura Tropical (ClAT) en 
el desarro!lo de productos de raices y tub~rcillos en Asia. 



Resume 

La transformation des racines et des tubercules ne cesse de recueillir l'attention soutenue 
des fermiers, des commerqants, des chercheurs et des politiciens dans nombreux pays d'Asie. 
Cette publication inclut un bon nombre d'informations sur les progr s r~alis~s jusqu'ici sur 
les produits et proc~d~s nouveaux ou am~lior~s ayant trait Ala cassave, la patate douce ou 
A la pomme de terre. Les travaux pr~sent~s discutent de. oeuvres en cours en Chine (y 
compris Taiwan), aux Philippines,en Indon6sie, en Thailande, au Vietnam, en Cor~e, en Inde 
et pour les aroides, dans les pays du Sud du Pacifique. Une attention particuire est port(e 
sur les diverses tendances de production, de commercialisation et de consommation de ces 
produits dans ]a mesure ob elles ont rendu plus faciles ou ont contribu6 aux augmentations 
observes. D'autrc part, une Vue globale est donn~e sur le d~veloppement des produits en 
question, suivie de documents 3pcifiques sur chacun des composants, y compris: le potentiel 
des m.thodes d'6valuation, la recherche sur les produits et proc~d&s, les projets pilotes et le 
droulement des operations jusqu'A celles de commercialisation. Des exemples ancr~s sur 
les experiences des pays repr~sent~s sont fournis pour chacun des composants. Des 6tudes 
de cas exposent, les connaissances acquises et les leqons apprises sur la transformation de Ia 
cassave pour l'alimentation des animaux, celle de la patate douce dans l'6laboration de 
noveaux types d'aliments pour snack bar et celle de la pomme de terre pour preparer de la 
farine et des m~langes dans les villages m~mes. Les rapports des diff~rents pays ont permis 
d'identifier les facteurs limitants et des cr~neaux de recherche pour l'avenir. Le document 
contient aussi un r~sum6 des n~cessit~s par pays, des recommandations pour tine collabora
tion entre pays voisins quant au travail sur le d~veloppement de produits Apartir de racines 
et de tubercules en Asie, ainsi que des propositions de coop(ration avec le Centre Interna
tional de la Pomme de Terre (CIP) et le Centre International d'Agriculture Tropicale (CIAT). 
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Foreword
 

Over the last two decades, many Asian countries have learned to reduce postharvest losses. 
and increase value added fdr root and tuber crops by improving tradit-onal technologies and 
adopting new ones that better suit their needs. In the years ahead, accelerating urbanization, 
the need for greater rural employment, and aspirations for higher incomes and more 
diversified, easier-to-prepare diets ivill push postharvest issues higher on the agenda on most 
national agricultural research institutes. Postharvest research, training and information are 
an integral part of the International Potato Center's (CIP) work. Processing, storage, market
ing, breeding for processing, consumption and nutrition continue to be key components of 
CIP'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 importance. 

Exciting developments-such as the explosive growth in the transformation of sweet
potatoes for animal feed in China-have convinced us that tremendous opportunities exist 
in Asia to expand postharvest activities for roots and tubers. There is also a need to provide 
access to technical and socioeconomic information about these achievements to interested 
individuals in other parts of the world. 

We are grateful to the Visayas State College of Agriculture (ViSCA) for hosting the 
worksbop on which this proceedings is based. Furthemore, CIP is3 pleased to join with the 
Centro Internacional de Agricultura Tropical (CIAT) and the International Institute of Tropical 
Agriculture (IITA), as well as ViSCA, to help diffuse years of accumulated experience 
documented in this publication. We look forward to helping bring about similar successes 
in the years ahead. 

HubertZandstra 
DirectorGeneral 
InternationalPotatoCenter(CIP) 
Lirna, 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 Asia included: 

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

* 	 Discuss results, problems, and opportunities in the field of product development for 
roots and tubers in Asia 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, 
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 prod uct development efforts for roots and tubers including adoption 
of appropriate government policies, and to involve 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 Centro Internacional de Agricultura Tropical (CIAT) in response 
to the common needs of the region. 

xi 



Recommendations
 

On the basis of the oral presentations, written contributions and the 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, minimize jargon), content (include information on anti-nutrition 
factors, storage, specific market opportunities) and organization (e.g., make reference to case 
studies, reduce preface and introduction, add a topical outline for each chapter). They also 
formulated a series of recommendations regarding: 

" 	 country-level priority needs to facilitate/promote product development for roots and 
tubers; 

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

" 	 suggested contributions by country representatives to regional efforts in product devel
opment; and 

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

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

Market assessments 

" 	 Training in assessing the market potential for fresh produce and processed products 
from roots and tubers specifically sweetpotato (Indonesia). 

• 	 Institutionalizing market assessment capabilities within the Root Crop Center (Philippines). 

• 	 Methodologies for conducting production and marketing surveys for fresh and pro
cessed roots and tubers (Vietnam). 

* 	 Assistance with prefeasibility studies on the economics of root crop processing (China, 
the Philippines). 
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• 	 Support for an analysis of regional marketing trends for roots and tubers (the Philippines). 

Varieties/Clones/Germplasm 

" 	 Varieties/clones from China/Japan that are cold resistant and with high (30%) starch 
content (Korea). 

* 	 Guidelines, i.e., specifications of desirable characteristics for sweetpotato varieties for 
specific uses (Thailand). 

Products and Processes Research 
* 	 Support for research and development in the utilization of starch from root crops, 

especially sweetpotato (Thailand). 

• 	 Support for basic research on starch characterization (Vietnam). 

• 	 Support for chemical analysis for starch and cyanide content 
(indonesia, China). 

" 	 Information exchange on existing processed products (Thailand). 

Equipment/Machines 

• 	 Information on processing equipment (Philippines). 

* 	 Technical assistance with chipping machines (China). 

Pilot Plants 

of roots and tubers 

* 	 Support for pilot testing of lab-tested products, i.e., cassava intermediate products 

(Vietnam). 

• 	 Support for setting up pilot plant and equipment for cassava flour (Indonesia). 

* 	 Assistance with evaluating/improving household, on-farm sweetpotato food process
ing, utilization (Vietnam). 

Assistance to demonstrate the economic potential of processing through pilot testing 
(Philippines). 

General Training and Mid-Career Professional Exchange 

• Training of postharvest scientists (Vietnam).
 

" Support for training extension workers (Indonesia).
 

" Mid-career professional exchanges to up-grade institutional capabilities (Philippines).
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* 	 Assistance to strengthen research capabilities in the social sciences (China). 

II. 	 Collaboration at the Country-level 
National representatives also expressed their willingness to collaborate with the Internation
al Potato Center (CIP) and the Centro Internacional de Agricultura Tropical (CIAT) in specific
research and development initiatives on product development for roots and tuber crops as 
follows: 

General 

* Working to bring the potential of roots and tubers to the attention of policymakers. 

• 	 Greater integration of sweetpotato and cassava initiatives in the field of product de
velopment. 

* Greater CIAT presence in the region for utilization research. 

Research 

* Joint project with CIAT on cassava starch quality (Thailand). 

• 	 Collaboration in research on sweetpotato starch extraction and fresh cassava storage 
(India). 

Integration of local initiatives into existing regional networks for cassava and sweet
potato research and training (Vietnam). 

" 	 Joint participation with CIP and CIAT in pilot stage projects (Philippines). 

• 	 Collaboration (through FAO-CIP-CIAT) with the Philippines on household /village-level 
processing (South Pacific countries). 

* 	 Participation on initiatives to strengthen linkages between research institutions and the 
private sector (Philippines). 

Training 

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

" 	 Participation in joint training exercises (Vietnam). 

Information 

* 	 Collection and distribution of information on traditional products and processes (General). 
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* 	 Continued information exchange through workshops (Thailand). 

III. Country Contributions to Product Development 

Specific areas where participating country representatives felt that their national institutions 

might contribute to product development for root and tuber crops in the region include the 

following: 

Research/Technical Assistance 

" 	 Village-level processing technology (Vietnam). 

Technical assistance on root crop processing including large-scale sweetpotato starch* 
eYtraction -nd alcohol prod uction as well i.s ensilage technology for animal feed (China 

including Taiwan). 

" 	 Technical assistance in the areas of postharvest equipment, food-product processing, 
and varietal improvemert (Philippines). 

* 	 Varietal exchange for starch processing (Indonesia). 

Training 

• 	 Training (including scholarships from Taiwan) for root crop processing (China, includ

ing Taiwan). 

* 	 Training in the area of small-scale cassava flour and food-product processing (Indonesia). 

Training in the area of processing equipment, food-product processing (Philippines).* 

IV. Support from CIP and CLAT 

The workshop generated both suggestions from the country participants and proposals from 

the Center representatives for support from CIP and CIAT for research and training in the 

area of product development for root and tuber crops in Asia. 

Suggestions to CIP and CIAT 

In addition to the collaborativr initiatives and country needs previously ali ided to, the 

following specific suggestions for CIP and/or CIAT support were made by country repre

sentatives present. 

Support from CIP economist stationed in Indonesia for one year to work with an 

Indonesian group to assess market potential and future prospects for sweetpotato roots 
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and sweetpotato products as well as help set up an overall plan for sweetpotato 
development. 

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

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

* Document existing processing equipment for root crops (catalog). 

* 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. 

t Facilitate access to Center databases on roots and tubers in developing countries. 

Proposals from CIP and CIAT 

Both Ceniers 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 counterparts 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 prioritiz
ing across a wide array of possible alternatives. 

" CIAT places similar emphasis on processing research that is demand-driven, i.e., based 
on the prior analysis of marketing problems and/or opportunities for cassava. 

" CIAT has expertise in the following fields: small-scale processing of chips, flour and 
starch; conservation of fresh cassava roots; analysis of cassava characteristics such as 
eating quality, starch, and cyanide content; and, design of project proposals for research 
and pilot testing. Short-term (up to five weeks) individual or group training in these 
fields can be arranged related to projects in which trainee expenses are covered. 

* Both CIP and CIT have considerable information on product development for roots 
and tubers that can be accessed through contacting their resp.-:ctive 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 Asia. The second is to present an overall strategy for the successful development of 
new products and processes made from roots and tubers. 'he third is to document the progress
made in processing, market assessments, or pilot plant operations in the case of particular 
commodities in specific Asian countries, with some additional examples from Latin America. 

'he document contains six sections and three appendices. The first paper in Section I 
(Overview) and the nine papers in Section 11(Country Reports) provide a descriptive analysis of 
trends in prod uction, 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 Ipresents a strategy for new prod uct and process development. Key 
components of this strategy are subsequently elaborated on in the initial papers of Section 1Il 
(Assessment of Processing Potential), Section IV (Products and Processing Research), Section V 
(Setting Up Pilot Plants) and Section VI (Expansion into Commercial Prod uction). '[he remaining 
papers in these sections document experiences with each of these components in Asia and in a 
few instances, Latin A,'merica. 

Much of this publication is dedicated to documenting location-, time-, and commodity
specific experiences with developing new or improved products or processes for cassava, 
potatoes, and sweetpotatoes in Asia. Section I aims 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 Asia in particular. 

"In Transforming Traditional Food Crops: Product Development for Root and Tuber Crops, 
Gregory J. Scott first quantifies these overall trends, perhaps less apparent at the project or even 
countrv level. le then examines the factoes that have co: tribu ted 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 Asia in 
compirison to Africa and Latin America. Special attention is given to the growth in utilization of 
cassava and sweetpotato for animal feed since the mid-1900s and the prospects for continued 
expansion in the years ahead. Scott goes 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: A Strategy for Product Development, 
Christopher Wheatley and Trudy Brekelbaurn briefly review essential strategic elements of an 
integrated project including a systems orientation, inter-institutional collaboration, multi-dis
ciplinary focus, active participation by final users, and an emphasis on demand-driven tech
nological research. Such elements are necessary, they arsue, if improvements of the postharvest 
system are to benefit small farmers. They then go on to describe the stages of an integrated project 
beginning with problem and opportunity identificatiom; 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. 



Transforming Traditional Food Crops: 

Product Development for Roots and Tubers 

GregoryJ. Scott1 

Abstract 

Recent trends in production and utilization of roots and tubers point to a growing 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 cas;sava, potato, and sweetpotato, tile 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 ofsweetpotato for animal feed in China and Brazil are highlighted. Development trends including
demography, income growth and government policies are noted as key factoN, influencing future 
prospects for expanded processing. 

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

Introduction 

The last three deca'!es have witnessed remarkable in

creases in food production inmany developing countries. 
Nevertheless, decision makers as well as members of 
the scientific community feel that further increases in 
productivity, 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 is referred to in this 
publication as product development, 

Product development isnot a novel concept; but, on 
the eve of the 21 st century, ithas taken on new meaning 
in the agricultural sector of developing countries. There 
are many reasons for this. Perhaps, the most basic is that 
product developmcnt--albeit a gencrd 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 and capital-intcnsive techniques, and markcs in 
developing countries (sc also Austin 1981). Inaddition, 
the focus is on cassava, potatoes, and swcctpotatocs. 
The.se crops are frequently characlcri/cd as "traditional" 

or "subsistence" and not generally thought of as transfor
mable for .sale in a modem, commercial environment. 

While certain modifications to the concept of pro
duct development might facilitate its application to roots 
and tubers, is there 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-chmemicad char
acteristics of their. parent plants. This highlights the 
peculiar features of roots and tubers that lend themsel
ves to-if not require, transrormation 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 changcs in 
prevailing utilization patterns emphasizes the extent to 
which location specific cxperience-s might well be put 
towideruse. Abrief mention ismade of markct develop
ments-beyond those for root and tuber crops themsel
ves-that influence these trends before concluding with 
a short statement about future potential and some un
answered questions. 

Leader, Postharvcst Management, Marketing Prognm, International Potato Center (CIP), P.O. Box 5969, Lima, Peru. 
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The Crops andTheir Characteristics 
This publication focuses largely on the three major root 
and tuber crops: potatoes (Soanun tuberosun), sweet-
potatoes (lpornoea batatas), and cassava (Manitot es-
culenta). Other roots and tubers that are given some, 
albeit minor, mention inc;ude: yams (Dioscorea spp.), 
cocoyam (taro, yautia = Colocasia esculenta) and tan
nia (Xanthosornaspp.). 

Collectively, these crops occupy about 50 million 
ha worldwide (Honon et al. 1984), producing over 550 
million t annually, about two-thirds of which is har-
vested in ,,evcloping countries. Qissa,,a alone is an 
important food crop for some 500 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. Tlcir 
wide adaptability to diverse growing conditions re-
flects, in part, their agronomic characteristics, 

Both potatoes and sweetpotatoes have a consider

ably shorter vegetative cycle than other root crops 
(Table 1). 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 cxten-
sivcly 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 harvesting dates for potatoes in most developing 
countries coincide with particular seaons during the 
calendar year. In contrast, sweetpotatoes, cassava, and 
other roots 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 tuberization phase of the veg-
etative cycle. Drought can be devastating for a potato 
crop, much less so in the case of cassava and sweet
potato. For commercial yields, potatocs need much 
higher inputs of fertilizer and organic matter, whereas 
cassava and swcetpotatoes are known as crops that will 
produce good returns even in poor soils and without 
chemical fertilizers or heavy doses of locally available 
organic matter. Cultural practices (e.g., handling of 
seed, weeding, pest control) all tend to be more demand-
ing for potatoes than for cassava or sweelpolatoes. 
Furthermore, potatoes can normally be left in the 
ground for only shoit 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 is one 
major reason why transformation of some sort is re
quired to enable their continuous use throughout the 
year. The bio-chemicad characteristics of these crops 
constitute another. 

Biochemical Traits
 

Perishability and bulkiness are two singular traits of 
roots and tubers. Fresh cassava has "idry matter content 
of about 40%; sweetpotatoes, 30%; and potatoes, 20%. 
Physiological deterioration of fresh assava roots begins 
1-3 days after harvest (Ospina and Wheatley 1991). 
Although potatocs and sweetpotatocs have a much longer 
shelflife, their harvested roots and tubers are dso living 
organisms that cequire adequate respiration and proper 
handling to prevent sprouting, spoilage, or pest damage. 
While these particular bio-chemical traits present sei
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 dict;" and he goes on 
to note, this generalization is misleading. Quantities of 
protein, essential vitamins, and mincrals vary consider
ably across roots and tubers. On average, cooked po
tatoes and yarnL, have about 2% protein, or twice that 
found in cassava (Thble 2). Cssav. potatoes, and sweet
potatoes all provide ascorbic acid, Ahercas cereal-based 
foods have none. Potatoes and sweetpotaloes also con
tain the important amino acid lysine which commodities 
such is rice are deficient in (Woolfe 1987, 1992). Fur
thermore, cassava, potatoes, and sweetpotatoes signifi
cantly outyield the cereals in dry mat r (i.e., caloric 
production) per unit area. Potatocs are particularly pro
ductive on a carbohydrate per hectare per day basis 
(Table 3). These various considcrations have strongly 
influenced production trends for roots and tubers over 
the last three decadcs. 

Production Trends 

Developing countries produced 137 million t of cas
sava, 125 million tof sweetpotatoes, and 71 million tof 
potatocs in 1986-88 (Table 4). Production increases for 
the period 1961-88 were 85%, 35%, and 146% for the 
three crops, although output of sweetpotatoes actually 
declined by 12% in the latter half of the period. Area 
platcd to sweetpotatocs also fell sharply in recent 
years. However, this was more than offset by a near 
doubling of yields. Area planted in potatoes grew steadily 
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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 75-1(0 140-200 250 115 
Optimal temerature (°C) 25-29 15-18 >24 13-29 21.27 30 

Drought resistant yes no yes no no yes 
Optimal p1 1 5-6 5.5-6.0 5.6-6.6 5.5-6.5 5.5-6.5 n.a. 
Fertility requircment low high low high high high 
Organic matter requirement low high low high high high 

Growable on swamply, 
water-logged soil no no no no yes no 

Planting material stem tubers vine corms/ corms/ tubers 
cuttings cuttings cormels cormeLs 

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

Source: 	 Derivedfront Kay. D.E.1973. Tropical1'roucts hltifute. .ondon, aspresentt'd in lorton 1988. 

n.a. = Data not available. 

Table 2. Nutritional compo)sition of a 100 g edible portion of various foods. 

Protein/
 

Calorie 

Pro- Food Rati, Thia- Ribo- Ascorbic 
Water tcin Incrgy (g,)Jl0 Fats Ash ('A P Fe Na K mine fl.,vin Niacin Acid 

Food" (%) (g) (kcal) kc.d) (g) (mg) (mg) (rg) (mg) (mg) (ag) (rag) (ag) (mg) (rng) 

Maize (grits) 87 1.2 51 2.4 0.1 0.6 1 10 0.1 205 11 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 _., h ..b J 6 ..b J 

Taro (raw) 

Yams (raw) 

Rice 

73 

74 

73 

1.9 

2.1 

2.0 

98 

101 

109 

19 

21 

18 

0.2 

0.2 

0.1 

1.2 

1.0 

1.1 

28 

20 

10 

61 

69 

28 

1.0 

0.6 

0.2 

7 

374 

514 

600 

28 

0.13 

0.10 

0.02 

0.04 

0.04 

0.01 

1.1 

0.5 

0.4 

4 

9 

0 

Spaghetti 72 3.4 111 31 0.4 1.2 8 50 0.4 I 61 0.01 0.01 0.3 0 

Sweetliotatoes 71 1.7 114 15 0.4 1.0 32 47 0.7 t0 243 0.09 0.06 0.6 17 

Cor mmon 

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 .J) .I, 26
) ' b J) 	 -b 

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. Conposition of foods. US Dept.ofAgric'lture,Washingto ).C., USA; W-T Wu-
Leung, F".Busson, and C. Jardin. 198. Foodcontposition tahh for use in Africa. US Dept. of health, Educationand 
Welfare, lauhlic Hlealth Service. hthesda,AM), USA. as lyresented in Iorton 1988 

aBoilcd unless otherwise indicated. Edible portions of potatoes and other root :rops and plantains do not include peels. 
bDashes denote lack of reliable darn. 
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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 Prol/ha/day Protein Prod/ha/day 

Crop t Crop mj Crop kg 

Cassava 
Yams 
Potatocs 
Swectpotatoes 
Rice 

3.0 
2.4 
2.2 
2.1 
1.9 

Potatoces 
Yams 
Carrots 
Maize 
Cabbages 

216 
182 
162 
159 
156 

Cabbages 
Dry broad beans 
Potatoes 
Dry peas 
Eggplants 

2.0 
1.6 
1.4 
1.4 
'.4 

Carrots 
Cabbages 
Bananas 
Wheat 
Maize 

1.7 
1.6 
1.5 
1.3 
1.3 

Sweelpotatoes 
Rice 
Wheat 
Cassava 
Eggplants 

152 
151 
135 
121 
120 

Wheat 
Lentils 
Tomatocs 
Chickpeas 
Carrots 

1.3 
1.3 
1.2 
1.1 
1.0 

Source: Horton andFano 1985. 

Fable 4. Food crop production in developing countries, 1961-88. 

1986-88 Change (%)a 

Production Area Yield Production Area Yield 

(OOt) ((XM) ha) (t/ha) 1 2 3 1 2 3 1 2 3 

Rice paddy 
Wheat 
Maize 
Cassava 

449,968 
214,119 
184,927 
137,412 

140,012 
98,693 
82,2(X) 
14,869 

3.2 
2.2 
2.2 
9.2 

52.3 
79.5 
72.9 
41.8 

41.7 
84.9 
54.5 
30.6 

115.9 
'32.0 
167.0 
85.2 

17.7 
19.8 
21.8 
29.5 

4.4 
11.0 
13.3 
15.6 

22.9 
32.9 
38.0 
49.7 

29.5 
49.9 
42.0 

9.4 

35.7 
66.7 
36.3 
13.0 

75.7 
149.8 
93.4 
23.7 

Sweetpotatoes 
Potatoes 
Sorghum 
Bananas 
Tomatoes 

125,359 
71,245 
44,332 
42,628 
28,669 

8,980 
6,0W5 

40,205 
3,865 
1,529 

14.0 
11.7 

1.1 
11.0 
18.8 

52.3 
74.1 
38.5 
43.1 
76.8 

-12.0 
41.3 

8.2 
39.5 
86.2 

34.1 
146.1 
49.9 
99.7 

229.1 

-4.0 
32.1 
-1.2 
41.0 
45.2 

-25.6 
30.0 
-1.7 
21.3 
33.7 

-28.6 
71.7 
-2.8 
71.1 
94.2 

58.7 
31.8 
40.1 

1.5 
21.8 

18.4 
8.7 

10.' 
5.0 

39.2 

87.9 
43.3 
54.2 
16.8 
69.5 

Barley 
Yams 
Millet 
Groundnuts in shell 
Cabbages 

25,073 
24,520 
24,393 
20,264 
14,803 

17,612 
2,466 

.34,341 
18,457 

806 

1.4 
9.9 
0.7 
1.1 

18.4 

-7.1 
4.5 

17.9 
9.0 

64.6 

34.9 
19.5 
-7.5 
24.5 
63.3 

25.3 
72.7 

9.0 
48.1 

168.8 

-15.6 
0.5 
2.4 

15.3 
29.8 

2.2 
15.0 

-14.3 
-1.4 
17.0 

-13.8 
15.6 

-12.2 
13.7 
51.8 

10.1 
43.8 
15.1 
3.2 

26.8 

32.0 
3.9 
7.9 

26.2 
39.7 

45.3 
49.4 
24.2 
30.2 
77.0 

Beans, dry 12,739 
Chickpeas 6,952 
Broad beans, dry 3,422 
Lentils 2,283 
Yautia (cocoyam, taro) 171 

24,196 
9,642 
2,786 
2,802 

29 

0.5 
0.7 
1.2 
0.8 
5.8 

19.9 
-18.4 
-22.4 
22.2 
14.1 

18.8 
20.8 
-4.0 

130.3 
16.9 

42.5 
-1.4 

-2-5.5 
181.3 
33.5 

16.3 
-16.4 
-23.7 
20.9 

6.1 

16.6 
0.7 

-21.0 
56.9 
10.2 

35.6 
-15.9 
-39.7 
89.7 
16.9 

3.1 
-2.4 

1.6 
11 
7.6 

1.9 
20.0 
21.5 
46.7 

6.1 

5.1 
17.1 
2-3.5 
48.3 
14.2 

Source: FAO Basic DataUnit, unpublished statistics. 
al = (1973-75 vs 1961-63); 2 = (1986-88 vs 1973-75); 3 = (1986-88 vs 1961-63). 
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over the last three decades-up 72% since 1961; more, Regional Distribution 
in fact, than any other of the major food crops (albeit

that it started from a much smaller base than the coarse 
 Although cassava, poltatocs, and sweetpotatoes all origi
grains or beans). Area in cassava production grew by nated in Latin America, the principal locus of their 
about 50%. Yields improved by half that amount. production has gravitated away from this region. Two-
Prospects for product development for roots and tubers thirds of current developing country output of these 
reflect, broadly spaking, all thesc tendencics; however, crops is in Asia, and this distribution has tended to
production trends have been highly varied, not only become more concentrated over time. This pattern lar
across commodities but also for the same commodity gely reflects the high concemwrtion ofpotato (75%) and 
across (and even within) regions. Statistics on thecvolu- swcepotato (93%) production in the region. China alone
tion of output, area planted, and yield, therefore merit produces nearly 40% ofthe developing world's potatou-,
closer scrutiny, and over 85% of its sweetpotatocs (Tables 5 and 6). 

Table 5. Potato production, area, and yield in developing countriLs by regions, 1961-88. 

1986-9' Change (%)a 

Production Area Yield Production Area Yield 

(M)X t) (X)O ha) (t/ha) 1 2 3 1 2 3 1 2 3 

Africab 5,967 704 8.4 74.8 86.5 226.2 85.3 60.1 196.8 -5.6 16.5 9.9 
(Sub-Saharan)c 2,387 444 5.3 70.2 47.5 151.1 81.6 52.9 177.7 -6.2 -35 -9.5 

Asiad 53,049 4,345 12.2 WN.2 39.8 166.0 40.3 35.1 89.6 35.5 3.4 40.2 
(China) 27,043 2,529 10.6 99.8 4.8 109.5 41.9 24.2 76.3 40.8 -15.6 18.7
Latin America e 1jM 1,(4l 11.6 29.1 31.8 70.2 1.2 1.1 2.3 27.5 30.3 66.3 
Total 71,245 6,095 11.6 74.1 41.3 146.0 32.0 29.9 71.6 31.8 8.7 43.3 

Source: FAQ Basic Data Unit, unpublished statistics. 
a, = (1973-75 vs 1961-63); 2 = (1986-88 vs 1973-751; 3 = (1986-88 vs 1961-63). 
bAfrica not including South Africa.
 
cAfrica - (Morocco, Algeria, Tunisia, Egypt, Libya) - (South Africa).
 
dIAsia - (Israel, Japan) + Oceania - (Australia, New Zealand).
 
'North and Ceniral America + South America - (Canada, USA).
 

Table 6. Sweetpotato production, area, and yield in developing countries by regions, 1961-88. 

1986-88 Charige (%)a 

Production Area Yield Production Area Yield 

(000 t) (WX0 ha) (t/ha) 1 2 3 1 2 3 1 2 3 

Africab 6,263 1,200 5.2 44.5 25.1 80.8 72.6 7.9 86.4 -16.3 15.9 -3.0 
(Sub-Saharan)c 6,192 1,197 5.1 46.1 25.3 83.1 73.3 7.9 87.1 -15.6 16.0 -2.1 

Asiad 116,811 7,480 15.6 53.8 -12.9 33.9 -8.7 -29.2 -35.4 08.6 23.0 107.6
 
(China) 108,062 6,306 17.1 57.9 -13.0 37.3 
 -10.4 -31.8 -38.9 76.4 27.5 124.9 
Latin Americae 2,284 298 7.6 14.6 -28.4 -18.0 12.6 -22.4 -12.6 1.7 -7.7 -6.1 
Total 125,359 8,979 13.9 52.3 -11.9 34.1 04.0 -25.6 -28.6 58.7 18.3 87.9 

Source: FAO Basic DataUnit, unpublishedstatistics. 
a, = (1973-75 vs 1961-63); 2 = (1986-88 vs 1973-75); 3 =(1986-88 vs 1961-63).
 
bAfrica not including South Africa.
 
cAfica - (Morozco, Algeria, Tunisia, Egypt, Libya). (South Africa).
 
dAsia - (Israel, Japan) + Oceania - (Australia, 14;w Zealand). 
eNorth and Central America + South America - (Canada, USA). 
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Africa still produces nearly Ialf (43%) 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 nearly 30% since 1961. 

Asia has the largest number (n=37) of potato-prod-
ucing countries and the heaviest concentration of big 
producers (Table 8). Africa has more cassava-(n=39), 
and sweetpotato-(n=37) producing countries. In con-
trast, Latin America has numerous countries that prod- 
uce minor quantities (<10,000 t/yr) of cassava (n=17) 
and swectpotatoes (n=2 1). 

Although cassava, potatoes, and swectpotatoes are grown 
in many more countries than perhaps is commonly 
realized, production is concentrated in relatively few 
locations. For example, 15 countries with the largest 
sweetpotato production account for nearly 97% of this 
total (Table 9) and also for 98% of the change inoutput 
since 1961. 

Recent trends in sweAt ,potato area planted and pr;-
duction have been highly uneven. In a number ofcour 
tries, output and area have fallen (e.g., China, Indonesia, 

Philippines, Brazil) since the mid-1970s. Reasons cited 
for this include: (1)expansion of productian infrastruc
ture (i.e., irrigation) for other crops, and (2) switching 
to higher value vegctable crops in response to growth in 
urbanization, income, and the associated demand for a 
more diversified diet. (see e.g., Calkins 1979; Chin 
1989).2 Trends insweetpotato production have beenjust 
the opFp)site in several other countries. SwectFotato 
output expanded rapidly during the last decade in vari
ous locations including Vietnam, Kenya, Rwanda, Burun
di, the Democratic Republic of Korea, and Madagascar. 
Rapid population growth resulting in increased pressure 
on farmland was a prime factor explaining this trend in 
some countries; e.g., Rwanda (see von Braun ct al. 
1988). Economic and political disruptions of other agri
cultural activities probably contributed to this growth in 
others; e.g., Vietnam (Mackay 1989). 

More broadly speaking, 12 of the 27 countries 
producing the largest amounts of swcetx)tato have ex
pcrienced a drop in production since 1973-75. In the 
absence of detailed information, most observers at
tribute this to weak demand or the lack of alternative 
markcts (scc Cllm 1988, 1988a, 1989). A rcecnt sur,-y of 
national program scientists found that, in their opinion, 
these two factors were by far the most important con
straints to increased production (('11 1989a). 

Table 7. Cssava production, area, and yield in developing countris by regions, 1961-88. 

1986-88 Change (%)" 

Production Area Yield Production Area Yield 

(00 t) (flO ha) (1/ha) 1 2 3 1 2 3 1 2 3 

15.3 40.8 7.0 18.3 26.7Africab 59,053 8,311 7.1 36.2 36.6 86.1 27.2 
(Sub-Saharan)c 59,053 8,311 7.1 36.2 36.6 86.1 27.2 15.3 46.8 7.0 18.3 26.7 

Asia d' 47,735 3,936 12.1 61.6 57.5 154.7 26.9 33.9 69.9 27.3 17.6 49.8 

(China) 3,387 232 14.5 99.1 43.4 185.7 )2.4 1Q.8 130.6 3.4 19.7 23.8 

Laltin America e 3002 2,620 11.6 33.4 -3.3 28.9 39.1 -3.7 33.9 -4.) 0.4 -3.7 

Total 137,411 14,868 9.2 41.7 30.6 85.1 29.5 15.5 49.7 9.4 13.) 23.6 

Source: IA( Basic l)ta Unit. unluI'li.Jhed.1tatistics. 

a I= (1973-75 vs 1961-63); 2 = ( 198,-88 vs 1)73-75); 3 = (986-88 vs 1961-03). 

/'Africa not including South Africa.
 
eAfrica - (Morocco, Algeria, Tunisia, Igypt, L.ibya) - (So,'th Africa).
 

dAsia- (Israel, Japan) + Oceania - (Australia, New Zealand).
 

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

2Little quantitative research has been done on the relationship between changes in income and the consumption of fresh sweetpolato 
roots in developing countries. Studies carried out in the Philippines (Alkuino 1983; Bouis 1991) and Pcru (Collins 1989) show this 
relation to be much more complex than previously helieved with consumers' reeonos depending on income levels, sweetpotato 
varieties, place of residence and so on (see also Watson 1989). 
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Table 8. Distribution of developing countries by volume of cassava (C), potato (1)), and sweetpotato (SP) 

production, 1986-88. 

Number ofcountries 

Africa I atin America Asia Total 

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

0/no information 15 21 17 14 2 i 15 39 28 34 68 70 66 
< 10,000 t 7 10 10 17 9 21 I1 10 13 35 29 44 
< 50,000 t 2 9 12 4 5 3 3 5 6 9 19 21 

S250,000 t 9 7 7 4 3 4 4 9 3 17 19 14 
> 250,000 t 21 7 8 8 9 4 8 13 9 37 29 21 

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

Source: FAO Basic Data Unit, unpublished statistics. 

'Fable 9. Sweetpotato pn)(duction, area, and yield in selected developing countries, 1961-88. 

1986-88 Change (%)aJ 

Production Area Yield Production Area Yield 

Countryb (O(X) 1) ((XX) ha) (I/ha) 1 2 3 1 2 3 1 2 3 

Chinac 108,063 6,306 17.1 58.0 -13.1 37.3 -10.5 -31.8 -39.0 76.5 27.5 125.0 
Indonesia 2,087 243 8.6 -20.() -14.1 -2.0 -26.6 -28.6 -47.6 7.8 20.3 29.8 
Vietnam 1,913 325 5.9 -4.6 74.0 65.,j -5.0 48.7 41.2 0.4 17.0 17.5 
Uganda 1,698 388 4.4 201.2 2.5 208.8 209.1 -20.1 147.0 -2.6 28.3 25.0 
India 1,385 172 8.1 78.2 -21.4 40.0 54.1 -22.9 18.8 15.6 1.9 17.9 

Rwanda 940 131 7.2 11.9 64.7 84.3 8.5 61.6 75.4 3.1 1.9 5.1 
Brazil 734 74 9.9 15.5 -5).1 -49.4 5.9 ..51.6 -48.7 9.1 -9.5 -1.3 
Philippines 711 150 4.8 11.8 -12.6 -2.2 17.7 -13.8 1.4 -5.0 1.5 -3.6 
Burundi 619 85 7.3 -11.3 48.4 31.6 -0.5 27.1 26.5 -1(0.9 16.8 4.1 
Korea Rep. 596 27 21.7 45.2 -64.7 -48.8 18.8 -69.6 -64.0 22.2 16.2 42.0 

Bangladesh 573 53 10.8 94.9 -16.1 63.6 63.1 -17.0 35.4 i9.5 1.1 20.8 
Kenya 523 40 13.1 80.0 93.9 249.(0 24.2 26.3 56.0 44.9 53.5 122.5 
Korea DIP 492 34 14.6 38.4 55.0 114.5 42.9 44.3 1(6.1 -3.1 7.5 4.1 
Papua New 
Guinea 471 104 4.5 36.2 17.1 59.4 21.8 15.7 40.9 11.8 1.2 13.1 

Madagascar 467 92 5.1 -14.1 76.6 51.8 0.2 59.1 59.4 -14.3 11.0 -4.8 

All developing 
countries 125,359 8,980 14.0 52.3 -12.0 34.1 -4.0 -25.6 -28.6 58.7 18.4 87.9 

Source: FAO Basic Data Unit, unpublishedstatistics. 
a, =(1973-75 vs 1961-63); 2 =(1986-88 vs 1973-75); 3 = (1986-88 vs 1961-63). 
bData are for the 15 countries with the largest production. 
Clncludes Taiwan. 
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Potato 
Fifteen of the lacgest potato-growing countries produce 
nearly 90% of the developing world's potatoes (Table 
10) and account for almost 90% of the increase in 
productiop since 1961. In addition to China, the biggest 
growth in output has taken place in South Asia (Ban-
gladesh, India, and Pakistan)and North Africa (Algeria, 
Egypt, and Morocco). The Ifptato fits extremely well 
into the cercal-based cropping systems found in these 
countries. The introduction of improved, short-duration 
varieties of wheat and rice into these systems has 
opened up a niche in the agricultural calendar. The 
availability of irrigation, abundant supplies of cheap 
labor-particularly in South Asia-and the introduc-
tionof improved varieties and chemical fcrtilizi.rs, have 
facilitated a rapid rise in yields and an exp;,v:ion in area 
planted (seec.g., Chowdhuryand Sen 1981: .cott 19&S; 
Kokab and Smith 1989). 

The strong internal demand for food; the desire by 
the vast majority of low-income consumers to diversify 

their diets; modest per capita consumption of potatoes; 
in the case of the North African countries, the highly 
lucrative, European exporl market; and, in South Asia 
the expansion in postharvest infr,structure (i.e., cold 
storage facilities) havealso contributed strongly to these 
trends. Inseveral Latin Americancountries, on the other 
hand, potato production has been adversely 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 producers have wit
nessed substantial increases in potato output over the 
last three decades (e.g., Vietnam, Syria). In these coun
tries, , well its the aforementioned cases, policy makers 
and potato scientists are increasingly interested in de
vcloping alternative uses for this commodity to avoidC. 
possible collapse in prices resulting from an abrupt 
saturation of the domcstic market. In a recent survey, 
unstable prices and supplies werc cited by national 
program scientists a.s the most important constraints to 
increased potato production (see Scott 1991). 

Table 10. Potato production, area, and yield in selected developing countries, 1961-88. 

1986-88 Change (%)a 

Production Area Yield Production Area Yielo 

Countryb (0($) t) (() ha) (t/ha) 1 2 3 1 2 3 1 2 3 

China 27,043 2,530 10.7 99.9 4.8 109.5 41.9 24.3 76.4 40.8 -15.6 18.8
 
India 12,403 853 14.5 82.1 139.5 336.2 41.8 ..o.5 122.0 28.4 53.0 96.5
 
Turkey 4,217 195 21.6 55.0 81.6 181.5 28.1 7.6 37.8 21.0 68.8 104.3
 
Colombia 2,284 161 14.2 08.5 103.8 243.5 56.2 60.8 151.2 7.9 26.8 36.7
 
%rgentina 2,268 109 20.8 7.4 34.6 44.5 -30.8 -8.1 -36.4 55.1 46.4 127.1
 

Brazil 2,161 170 12.7 37.0 39.11 91.7 -2.6 -10.6 -12.9 41.5 55.5 120.1
 
Iran 2,046 133 15.4 (4.6 292.5 546.2 86.9 300.2 648.0 -11.9 -1.9 -13.6
 
Korea l)pr 1,942 149 13.0 55.2 73.8 169.7 36.4 49.3 103.6 13.8 16.4 32.4
 
Peru 1,824 214 8.5 17.1 7.8 26.2 2.7 -18.5 -16.3 13.9 32.3 50.8
 
Egypt 1,647 83 18.7 90.7 121.9 323.2 73.3 10 .0 262.1 10.1 6.2 16.8
 

Bangladesh 1.149 113 10.2 127.3 45.5 230.7 4Q.5 33.4 99.4 52.0 9.1 65.9 
Mexico 908 68 13.4 76.5 40. 148.5 t7.6 21.6 43.0 50.1 15.8 73.8 
Algeria 872 101 8.6 81.1 106.1 273.3 10.7 64.6 329.2 -30.5 25.2 -I.;.k 
Chile 816 57 14.3 -3.4 3.1 -0.4 -16.3 -25.6 -37.7 15.4 38.5 59.9 
Bolivia 781 143 5.5 45.2 1.3 47.1 9.8 19.0 30.7 32.2 -14.9 12.6 

All developing 
countries 71,245 6,095 11.7 74.14 1.3 146.1 32.1 30.0 71.7 31.8 8.7 43.3 

Source: FAQ BasicData Unit, unpublished statistics. 

1 = (1e'73-75 vs (91-63); 2 = (1986-88 vs 1973-75);3 =(1986-88 vs 1961-63). 
bata are for the 15 countries with the largest production. 
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Cassava 	 agriculture has a much lower man/land ratio. The rela
tivcly meagre manpower needed for cassava cultivation

Five countries produce 70% of the developing world's as well as the fairly flexible cultural practices make the 
cassava: Brazil, Nigeria, Zaire, Thailand, and Indonesia crop attractive to farmers with a diverse set of farm and 
(Table 11). Thus, although cassava ranks second in non-farm occupations. Population pressure, shorter fal-
Latin America in annual production (fresh weight basis) lows, and the shortage of fertilizers and organic matter 
among the 19 major food crops, Brazil harvests over are added reasons growers in Africa are attracted to 
75% of the regional total. Zarre and Nigeria account for cassava (ibid.). 
about 50% of Africa's cassava; Thailand and Indonesia 
for roughly 70% of all the cassava grown in Asia. s cassava has proven to be popular in Thailand bewith potatoes and sweetpotatoes, however, trcncs incos-	 cause of its high drought tolerance, stable yields, andsava production across countries havebccndhighly unvcn. flexible planting and harvesting dates (Konjing 1989).With the growth in exports of dried cassava to the 

Among the nine largest producers in sub-S:tharan European Community (FC), strong market demand has 
Africa, increases in cassava output for the period 1961- also been a major contributing force to the growth in 
88 were 80% or more in seven cases. Dorosh (1989) production (see Phillips 1979; Sarma and Kunchai 1989). 
argues that tile major factors that have contribu:ed to tie Similar agronomic factors have been responsible for the 
growitl ofcassava production in these countries include growth in cassava output in the Philippines (Cabanilla
"the low laoor input requirements, ability to produce a 1989). Strong rural demand for food as well as the use 
crop on degraded soils, and drought tolerance." Unlike of cassava for animal food and manufacturing in the 
the labor-abundant economics of Asia, most African domestic market-the Philippines exports only negli-

Table 11. Cassava production, area, and yield in selected developing countries, 1961-88. 

1986-88 	 Change (%)a 

Production Area Yield Production Ar.a 	 Yield 

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

Brazil 23,586 1.913 12.3 28.7 -8.6 17.6 37.4 -6.6 28.2 -6.3 -2.0 -8.2 
Thailand 19,038 1,374 13.8 221.2 200.5 865.7 283.2 198.6 1,044.3 -16.1 0.6 -15.6 
Zaire 16,251 2,205 7.3 29.0 42.1 83.4 22.3 33.: 63.7 5.5 6.1 11.9 
Nigeria 14,566 1,300 11.2 32.7 44.7 92.0 2.3.4 29.1 59.4 7.5 12.0 20.4 
Indonesia 14,379 1,398 10.2 7.3 17.3 25.9 -3.9 -3.5 -7.2 11.6 21.6 35.8 

Tanzania 6,142 703 8.7 54.3 37.2 111.8 35.0 -10.i 21.3 14.2 52.6 74.5 
India 5,038 269 18.6 240.3 -20.9 169.0 42.3 -27.6 2.9 139.0 9.3 161 2 
Paraguay 3,411 211 16.1 31.4 16(0.3 242.1 2-5.4 138.2 198.9 4.7 9.2 14.4 
China 3,387 232 14.5 99.1 43.4 185.7 92.4 19.8 130.6 3.4 19.7 23.8 
Mozambique 3,363 576 5.8 23.7 33.6 65.4 20.1 11.6 34.1 3.0 19.7 23.3 

Ghana 2,796 376 7.4 50.2 64.4 147.1 67.3 53.9 157.6 -10.2 6.8 -4.0 
Vietnam 2,783 317 8.7 -0.6 146.2 144.5 0.6 106.7 108.0 -1.3 19.1 17.5 
Uganda 2,397 341 7.0 125.4 -3.7 116.9 82.9 -35.3 18.2 23.2 48.9 83.5 
Madagascar 2,295 334 6.8 30.5 83.7 139.8 19.6 71.8 105.6 9.1 6.8 16.6 
Angola 1,973 500 3.9 31.2 17.9 54.7 25.2 4.1 30.4 4.8 13.2 18.6 

All developing 
countries 137,411 14,868 9.2 41.7 30.6 85.1 29.5 15.5 49.7 9.4 13.0 23.6 

Source: FAQ1iasic )a:a Unit,unpublished statisti v. 
a, = (1973-75 vs 1961-63); 2=(1986-88 vs 1973-75 ;3 = (1986-88 vs 1961-63). 
bl)ata are for the 15 countries with the largest production. 
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gible quantities-have been other important reasons 
behind the growth in production. The Indonesian case 
presents both elements. Cassava exports are consider-
able in volume anu value terms.3 Roughly 35% of-
domestic 	outpu. goes to the local starch industry for 
human consumption (see Kasrync- 1989). 

nLatin 	 ininIn LtnAmerica, growers in B~azil have switched 
to other more profitable crops which, in turn, reflects 
weak demand; hence the decline (8.6%) in production 
and area planted (6.7%) between 1973 and 1988. Pros-
pects for expauied utilization of cassava in northeast 
Brazil appear to have slowed, if not reversed, this trend 
in recent years (see Ospina and Wheatley 1W1). The 
Brazilian experience with casava-combined with simi-
lar developments in Colombia and Ecuador in Latin 
America (see Best and Wheatley 1990), as well as in 
Thailand and Indonesia in Asia-havc contributed to 
renewed interest in the evolution of utilization patterns 
for roots and tubers generally. 

Consumpuon 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 varics considerably across 
crops, regions, and countries. Furthermore, utilization 
patterns for sweetpotatoes and, to a lesser extent, cLas
sava have experienced noteworthy changes over the last 
30 years. For example, processing for animal feed has 
assumed major importance in a number of countk:Us, 

These trends, and prospects forsimilar developments in 
the future, mean consumption and utilization patterns for 
roots and tubers are fhe focus of increasing scrutiny. It 
also should be noted, however, that estimates of "process
ing" or "wlste"as a perccntage of root and tuber produc
tion are difficult to interpret. In many countries, waste 

the form of damaged roots and vines is processed or 

fed to livestock. On the other hand, some productiol is 
lost due to physical or autolytic processes, 
microbiological attack, and pest damage (see NAS 
1978). Fuilhermore, given the higher watercontcr *.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 infere..,es of an a priori 
type (vg., swectpotatoes are perishable; therefore, a 
certain perccntage of the harvest is lost) or desktop 
"guesstimates." Consequently, available statistics must 
be interpreted with caution. 

An estimated 80% of potato production in Latin 
America is for human consumption versus 73% in Africa 
and about 56% in Asia (Table 12). FAG Food Balance 
Sheets statistics indicate these per-cntages have re
niained constant over time. Potatoes are eaten in one of 
four different ways in the tropics: as a basic staple, a 
complementary vegetable, itseas;onal vegetable, or a 
delicacy to be consumed on special occasions (Poats 
19R3). 

In most countries, potatoes are a seasonal vegetable 
or a delicacy. They are the centerpiece of the diet only 
in the highlands of South America and parts of Central 

Table 12. 	Changes in utilization (%) of cassava (C), potatoesi (1'), and sweetpotatoes (SI1) in developing 
countries, 1961-88.a 

1961-63 1973-75 	 1986-88 

Utilization C P SP C P SP C PSP 

I 'ood 69.5 63.4 74.4 68.7 00.7 69.2 71.0 61.4 54.8 
Feed 13.0 13.0 10.0 14.0 17.0 16.2 12.0 14.8 29.4 
Processingb 0.0 2.2 3.8 0. 1 3.'9 4.0 0.7 5.4 4.4 
,Seed 0.0 13.3 3.7 0.0 10.3 2.4 0.0 9.4 2.9 
Waste 13.8 7.9 8.1 14.0 7.9 8.2 13.8 8.9 8.6 

Source: FAO Food BalanceShect, unipublishelsiatistics. 

aTotals may not add up 1,,100 due to rounding. 
blncludcs other uses. 

3 Exports of gap.1ek (i.e., uricd 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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Africa. What is noteworthy, however, is their rapidly 
expanding role as acomplementary vegetable in South 
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 Io)tatocs
rditinaorimple ricmnpr c fPtes,cein 

for human con:;umption is a common practice in Peru, 
Bolivi,', and, to a lesser extent, Ecuador. Typically po-
tatoes are solar dried (see Yamamoto 1987). A modern-
izcl version of such praclices has also been tried in 
Colombia (Manilla 1988) and Guatemala (Fsquitc 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 experin;-ntally in Cameroon 
(Nave 1989) and Zafrc (Ruvuna 990). PotatoesIt are 
processed at the village-level in Bangladcsh, India, and 
Pakistan (see e.g., ('l'n.d.; Sikka 1988). 

The potato tends to be a relativec y co-

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-c'mmpcti-
tive vis-.-vis cheap substitutes for industrial use (is
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, aihd snack foods (Gitomer 1987). 

Producer prices for x)tailocs in relation to unit pro-
duction costs have generally been quite favorable 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 serious 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. 

Feed statistics in great measure reflect the substan-
tial use of potatoes in China for pig feed. Most of this 

involves tile use of small, decayed tubers and vines (see 
Gitomer 1987). Feed use of potatoes in Africa and tltin 
America is negligible and largely confined to on-farm 
utilization of non-marketable tubers. 

Sweetpotato Utilization 

Utilization patterns for sweetpotatoes h~we undergonesome major changes in the last three decades. While 
over 50% of !te output still goes for human cons.mp
tion in fresh forrm in all three regions, nearly 30% of the 
production ow serves as animal feed (Table 12). Pro
cessing of sweetpotatoes for human and industrial use. 
has also attracted growing interest. 

Much less isknown about consumption patterns for 
sweetpotatocs than cassava or fxtatocs (Horton et al. 
1984). Itisconsidereda "por nman'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 Lsa seasonal vegetable and, under certain 
market conditions, actually can bc sold at a higher price
than potatoes (see e.g., Maggi 19W). 

Swectpotatoes are most commonly boiled in devcl
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. Swetpxtato Ieaves 
or "tips" are a delicacy in the Philippines, as well as an 
important supplementary source of esscntial vitamins 
and minerals at certain times of the year.' 

Sweetpotato processing for human consumption is 
also remarkably diverscandwidespread (Wo lfe 1992). 
Some 5-10% ofannual production in China isprocessed 
into noodles, starch, chips, and candy (see Tang et al. 
19X)). Ketchup, a soft drink, cakes, and candies are all 
made from swcetpotatoes in tile Philippines (see Truong 
1989). Dulce dle 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 intported wheat flour has gained a foothold in the 
Fe-rvian 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. FAO statistics indi
cate sweetpotato use for animal feed is 40% of total 
output in China, 35% in Bnzil, 30% in Madagascar,
17% in tie Republic of Korea, and 5% or less in the 

4Personal communication, Dr.Ilowarlh Bouis, International loxxl Policy Research Institute (I:PRI), Washington, ).C. 
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remaining 11 of the 15 largest sweetpotato producers. hefty share of fresh cassava has been dried into chips 
The estimated percentages have remained stable during for export to the EC. This highly lucrative market has 
the last three decades in all the countries except China spawned huge increases in production in selected coun
(12% in 1961-63) and Korea 12% in 1961-63). How-
ever, recen: Chinese estimates ;ndicate as much as 35% 
of sweetpotato output now goes to animal feed.5 Ex-
planations for this sharp increasc include growth in 
cereal production--meaning fewer swectpotatoes are 
needed to supplement cereal consumption; rising de-
mand for meat products (principally pork) for which 
sweetpotatoes serve as a feed component; and changes 
in government policy; e.g., the introduction of the "re-
sponsibility system," which permits the sale of agricul-
tural surpluses for profit. Furthermore, an 1-C bilateral 
agreement allowed China to export up to 600,000 t of 
dried sweetpotato chips to member countries dutv free 
during the 1980s (see Calpe 1991). 

Roots for pigs and vines for cattle are the most 
commonly cited forms of sweetpotato utilization ws 
animal feed in Asia as well as in Africa and Latin 
America (Scott 1991a; Woolfe 1992). Both are employed 
in a variety of ways. Many sweetpotato farmers in 
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, isawell-known procedure for 
prcduction of pig feed from sweetpotatoes in Taiwan 
(Calkins 1979; Tsouet al. 1989). It has also beendone-
although on a more limited basis-in the Philippines 
(Palomar et al. 1989) and Vietnam (Hoang ctal. 1989)." 
Virtually aJl feed production from sweetpotatoes takes 
place at the farmer or village-level. Only limited quan-
tities of composite feeds are produced industrially, 

Cassava Utilization 

About 80% of cassava production goes to human con-
sumption in Africa and Asia. Less than half of cassava 
output is e ten fresh in Latin America. According to 
FAO estim tes, these percentages have remained stable 
over the last three decades (Table 12). 

Although processing of cassava into dried chips for 
animal feed ir Asia has attracted great attention (see 
Phillips 1979; Calpe 1991), on a fresh weight basis, 
Latin America uses six and half times the volume of 
cassava for feed purposes (1.7 vs 11.2 million t). The 
attention-getting in Asia has materialized because a 

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 gov
ernment policy-havedampened thestimulativeeffects 
on of a mushrooming demand for meat products on 
cassava production and processing in Latin America 
(see Lynam 1989). 

The role of fresh cassava in the diet varies from that 
of a basic faodstuff among rid househols in Central 
and West Africa, parts of South Asia, Ltin America, and 
the Far East to ahigh-priced vegetable in urban markets 
in many of these same loct'Ations (Horton ct al. 1984). The 

form in which cassava isconsrumed varies considerably. 

InLatin America, Lynam (I989a) observes that the 
roots are traditionally eaten in one of three principal 
ways: fresh (boiled or fried); as a roasted flour called 
farinw de niandioca particularly in North and North
east Brazil and neighboring territories; and, as a type of 
unleavened bread called casabe in the Caribbean ba,:in 
(see also Lancaster et al. 1982). In sub-Saharan Africa, 
cassava roots are consumed fresh as it major staple in 
many areas or eaten as a vegetaile in others (Dorosh 
1989). Cassava leaves are also eaten as a vegetable 
particularly in Central Africa. Gari,a dry granular mead 
rnale from fermented cassava is the most common form 
of cassava consumption in West Africa. Dorosh (1989) 
estimates that "...gari may account for mote than 70% 
of cssava consumption in Nigeria, 40-50% inCameroon, 
40% of consumption in Ghana, 30% in CCte d'lvoire." 
Other common forms of caissava consumption include 
a sun-dried cassava flour (called lafun in southwest 
Nigeria) and a sticky puree or heavy soup made from 
fermented cass:ava (I'ligerian fiifu). In East Africa, cas
sava is commonly made into a flour from dried roots or 
chunks of roots. 

According to George (1989), baked roots are the 
principal form of cassava consumption in India. Healso 
observes that cassava is used in small amounts "...to 
make chips, flour, and sago, a type of wet starch that is 
roasted, dried, and finished." InIndonesia, cassava roots 
areeaten boiled, fried, orsteamed (Kasryno 1989). They 

5 Personal communication, Prof. Z.Tang, Crop Research Institute, Sichuan Academy of Agricultural Scicnces (see also Tang ei al. 1990). 
6 In the Philippines, drying and slicing the roots has apparently not been profitable (see Palomar et al. 1989). 
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also are processed into gaplek (dried cassava chips) and 
starch. 

Cassava has three other important uses in develop-
ing countrit . animal feed for the domestic market; 
industrial purposes such as in starch and glue; and dried 
cassava for export. In sub-Saharan Africa, only negligibly
recorded quantities ofcassavgo to these uses.7 Feed (37%) 
and other non-food uses (7.6%) account for almost halfof 
cassava output in Latin America. About 10% of cassava 
availability in Asia is for feed and processing. Asiaannuad-
ly exports another 20 million t fresh weight in the form of 
dried cassava--nearly the equivalent of regional produc-
tion-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 Un-
fortunately prospects for increased, if not at lcast con-
tinued, cassava exports to Europe and possibly other 
developed countries are overshadowed by impending 
changes in trade agreements; i.e., European unity in 
1992 and the Uruguay Round of the General Agreement 
on Tariffs and Trade (GAIT). Thesedevelopments suggest 
this type of cassava utilization has limited potential for 
expansion because of the possible abolishment of spe-
cial trade arrangements that facilitated its emergence 
and growth. Partly for that retson, attention has incrcas-
ingly focused on the internal market for cassava-b.sed 
products in many developing countries, 

ncluionin eedra-
tions has established itself as a growth node 'or rural 
development projects in parts of Colombia, Ecuador, 
and Northeast Brazil over the last ten years (see Best 
and Wheatley 1990; Ospina and Wheatley 1991). 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 

Dry assva or oncntraed 

ina number of key areas. 

Future Developments 

In addition in changes within the cassava, potato, and 
sweetpotato economies of developing countries, pros-
pects for product development for roots and tubers will 
be greatly influenced by aseries ofother factors. These 
include demographic changes; growth in incomes; avail-
ability ofsubstitute 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 tech
nology. 

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 ofwell over 2.0% for the period 
1989-2000 (World Bank 1990). Since the vast majority 
of these householdsare located in ruralareas, thc result
ing pressureon landh s imortant implications forboth 

prcuconand simrn ptions will 
production and utilii~ition 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 products. 

The demand for food, both on and off the farm, is 
well is the ispirations for the fullest possible exploita
tion of available production will stimulate farm families 
to reduce postharvest losses due to 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 tocombine the acquired ingenuity of traditional practices 

with the formal knowledge derived from modernscience. 
Urbanization will also have it strong influence on 

product development. Nearly one in three consumers in 
developing countries now resides in urban areas. Fur
t oiermore,rates of urbanization are two to three times 
the rat s o u ation r ts an tur tothe rate-, of population growth. For roots and tubers to
compete more effectively 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 preserve. Changes in 
eating habits will also manifest themnselves 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 conveil itself into a substantial 
share in the form of ingredients for feed concentrates. 

7FAO Food Balance Sheet statistics indicate less than 2%of cassava production goes to feed use or processing.

8Thailand alone accounted for 17.6 million I,China 1.5 million t and Indonesia 1.1 million t in 1981-83 (Sarma and Kunchai 1989).
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Income Changes 

Income changes have a somewhat more paradoxical 
effect on the outlook for product development. For 
example, rapid income growth may make the consump-
tion of fresh roots and tubers less attractive to Lertain 
types of consumers; but then processed products such 
as french fries could become more affordable. More-
over, rising incomes typically increase the demand for 
meat products. Processed roots and tubers already scive 
as an important component in animal feed in many 
developing counties. Furthermore, this use has expanded 
,ascountries have been unable to expand feed production 
from cereal crop to satisfy mushrooming demand. China is 
a prime 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 isa result of changes in 
world markets, the burden of accumulated debt, or in an 
effort to create more opportunities for domestic agricul-
tuml production. Similarchanges inthe years ahead will 
strongly influence the potential for root and tuber crops 
as processed products. 

Svcrd of the agro-biological and socio-economic 
factors outlined above will take time for heir full impact 
to be felt. In the meantime, the prospects fotpanded 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 Il-
ready exists, where food and/or feed shortages have 
already materialized, and where continued or expanded 
imports of food or feed do not appear to be sustainable 
ipor ooic orpoliiclconreasons.appear tebcase of1 sbrootsfor economic or political In the casesu 
and tubers foranimal feed,a number of countries in Asia 
(e.g., sweetpotatoes in China, see Gitomer 1987) and to 
a lesser extent in Latin America (e.g., cassava in Braz.il, 
see Ospina and Wheatley 1991) would appear to meet 
these criteria. Preliminary indications also suggest an 
emerging market for processed potatoes in Central 
America and Southeast Asia. The prospect ofaccelcrated 
changes in government ixlicics-with the attendant 
impact on production and utilization pattern:; for roots 
and tubers-raise further questions about the potential 
for future technological improvements for these com-
modities. 

Technical Change
 
for Roots and Tubers
 
Improvements in yield, dry 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 fced. For example, average yields for sweet
potatoes in developing countries doubled over the last 
25 years, primarily because of developments in China 
(Table 1). Yet, the yield increasos 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 chcmical 
fertilizers and pesticides (Mackay 1989). This is partly 
explained by the fact that up until recently swectpo
tatoes have received relatively few resources tforre
search and devclopmcnt (R&1)). Relative to the value of 
production, funding for swcetpotato research world
wide hIms been lower than that for any other major food 
commodity (see Gregory ct al. 1989). Averagc potato 
and cassava yields in developing countries are also well 
below what is technically possible. Potato prod uctivity 
is about half that found in most developed countries. 
Cassava yields insub-Sahanm 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 '...tlie mean 
dry matter content of breeding lines improved fromt25.9% to 35.1% in live years. Theoretically this pro
gram in ci yield f orial y t0%..." 
(Tsou et al. 1989). Moreover, the international germ
plsm et for this rop inenaties whos
plasm collection for this crop includes varieties whose
 
dry-matter content is as high as 45%.9 Similar observa
tions apply to cLssava and potatoes. Consequently, the 
potential is there to raise the processing utility of thesecrops by incorpo~rating varieties with higher dry matter 
content inomial vailable to gers. 

Conclusion 

Root and tuber crops have cunsiderable unrcalized po
tential is new products for human, animal, and in
dustrial use as manifest the remarkable increases in their 
utilization in processed form in a number ofdevcloping 
countries over the last three decades. Several indicators 
point to an accelerated trend in this direction for these 

9Personal communiaiion with Dr. Zosirno Iluaman, Dept. of Genetic Resources, International Potato Center (CIP). 

16 



commodities. Among the factors contributing to this 
emerging pattern are the agronomicand 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 
a diverse set of considerations (e.g., agronomy, demog
raphy, livestock production), the potential for develop-
ing new products from roots and tubers in any particular
situation will depend on a knowledge of elements from 
different disciplines as applicd to local circumstances. 
The remainderof this volume isdcdicatcd to the prc',cn-
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 
maiketablc products. 
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Integrated Root and Tuber Crop Projects:
 
A Strategy for Product Development
 

ChristopherWheatley and Trudy Brekelbaum1 

Abstract 

Integrated projects have often proven to be a successful strategy for developing nwi products for roots 
and tubers in developing countries. This paper briefly reviews the essential elements of an integrated
project including a systems orientation, inter-institutional collaboration, multi-disciplinary focus, active 
participation by final users, and an crapha sis on demand-driven technological research. The paper goes 
on to describe the stages ofan integrated project beginning with problem and opportunity identification,
applied technical research, a pilot project phase, and then commercial-scale Cxansion. The paper
concludes by noting the benefits of the integrated project approach as well ,s its relationship to broader, 
integrated rural development efforts. 

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

Introduction 

As can be seen from thet previous paper, root and tuber 

crops have a tremendous potential for contributing to 
socio-economic development of rural arca.s. To realize 
this potential, an efficient combination of new products, 
prices, distribution systems, and promotion fci needs 
to be designed. When doing this, it is essential to bear 
in mind that the scale of these elements must be ap
propriate for root and tuber crop farmers who havemostly small or some medium-sized operations, and 
whotlyneallyoravoewcedliusidoprins, ahnd-
who generally have weak links to processing tchlnol-ogy and non-traditional markets. 

One strategy that has proven highly successful is 
that of integrated projects. These permit the agro-in
dustrial transformation of the crop by linking improved 
production and processing technology, marketing tcch-
niques, and institutional innovations in processes re-
quiring technical and socio-cconomic integration. In 
short, improvement in postharvest systems will not be 
achievcd solely through the generation of technological 

innovations. Other components such as larmer organ
ization and training, provision of credit, establishment 
of efficient distribution channels, and inter-institutionalcoordination and cooperation are fdl imporiant atspects to 
te considered. 

Essential Strategic Elements 

Based on experiences in developing postharvest haning, storage, and processing technologies for root and 
tuber crops, the following elements are considered es
sential for integrated development projects. 

Multi-sectorial Integration 

Simultaneous treatment of production, processing, and 
commercialization processes iskey to the integration of 
a project. Although the manner of articulation will vary 
chronologically, what is important is thlat they are all 
part ofa single process. This "systems orientation" for 
technology development should extend from produc-

Iead, Utilizaion Section and Editorial Consultani, rcspectively, Casava Program, Ceniro Internacional de Agricultura Tropial 
(CIAT), Apartado Arco 6713, (di, Colombia. 
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tion to include storage, processing, and utilization ofthe 
crop. The production and postharvest systems should 
not be divorced and developed separately since they can 
serve as a means of relating tie producer to the final 
consumer for their mutual benefit. An optimum path to 
accelerate agro-industrial diversification of root and 
tuber crops, while activating producers' groups, isaround 
inte-grated projects. 

Inter-institutional Integration 

Successful v.,option of postharvest technology requires 
the close interaction of research and development (R&D) 
institutions in beth the public andprivate sector through-
out the process of technology generation and transfer. 
The most important interaction comes at tilepilot pro-
ject stage when researchers may tcst and adapt the 
technology; subsequently, extension workers can rood-
ify institutional and organizational schemes to facilitate 
technology transfer in close collaboration with farmer 
associations or coops. Private sector input can be par-
ticularly important in adapting technology gencrated by 
research institutions for commercial-scale production. 

Functional integrationakc; iLLd-cs the articulation 
of technical, financial, :-id entrepreneur-ial 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, objcc-
tive.s, and strategies. Integration is coordinitcd around 
common objectives and activity plans. The more ins-
titutional 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&) 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&I) institutions rarely have sufficient 
resources to hav a full-fledgcd staff with expertise in a 
wide range of dLsciplines. This is where cr ative arrangc-
ments can be made by selting up public and privale 
sector inter-institutional working groups around spc-
cific tasks, benefitling from the disciplines available, 
When the Visayis State College of Agriculture (ViSCA) 

in te Philippines developed a swcetpotato beverage, 

for example, they entered into an arrangement with a 
large food and beverage company whereby a multi-dis
ciplinary team was created between the two iTstitutions. 
Thus, it was possible to bring together the expertise of 
a food product development specialist, a process devel
opment engineer, a marketing specialist, a fruit 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. 
Project administrators need to analyze what incentives 
will stimulate farmers' participation and how much they 
are willing to sacriflice 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 technicld and economic efficiency 
of the programs. Participation is basically an appren
liccship process. Producers, administrators, and tcch
nicians need to interact in order to learn each other's 
perspectivcs, farmers' felt needs, and organizational 
capacities. 

The long-term impact of the program depends on 
the produccrs'/proccssors' capacity to issume full re
sponsibility for the operation and maintcnance of pro
ccssing activities implemented by the program. lhcy 
need to know-how to discuss constructively, speak in 
public, negotiate, idcntify aid solve problems, be fanil
iar with technology and the market, know-hvow to ad
minister resources and keep accounts, make efficient 
investments, and plan future activities. This capacity is 
created gradually through their daily involvement in 
solving problems, working in groups, and training new 
members. 

Demand-driven Technology 

Postharvest technology development should be based 
on the existing or potential demand for a product. 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 proccsscs or products. The 
socio-economic status, habits, and prtcerenccs of the 
consumer are guides f*or the type ofiR&I) work that will 
be carried out. This information will not only influence 
process and product design, but eventually crop prod uc
tion technolog), as well. 
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I 
Objectives of an 

Integrated Project 

" 	Catalyze.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 tuber crop production, processing, 
and commercialization. 

* 	Promote the fonation and strengthening of farmer 
associations involved in root and tuber crop produc-
tion and processing. 

A Model for Postharvest R&D 

Successful technology gcneration and transfer has re-
quired disciplinary, institutional, and sectorial integration
in all phases of the proccssfrom opportunity identifica-
tion, through product and process research, tcstingand 
adaptation, and ending inthe final commercial int roduc-
tion or adoption of the technology. This integration, 
which does not normally occur spontaneously, is best 
achieved within a projecl framework, with clearly defined 
objectives, activities, and responsibilities for each par- 
ticipating institution. There are four 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 (tARc() 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 sonic medium-sized opera-
lions. 

Research on Products and Processes 

This is tie stage in which market studies and consumer 
rescarch are carried out in order to identify the demand 
and required characteristics of the selected poduct. 
Technical research is undertaken on the product itself 
and on the development ofthe process For its production. 

Root and tuber crop producer- cannot assume the 
costs of R&D; therefore, inter-institutional linkages be
come important in order to take advantage of tech
nological developments in production and processing as 
well as advances in commercializition and promotion 
systems, within an atmosphere of minimizing risks fer 
small farmers. In the Latin American situation, market 
and consumer studies have been carried out by local 
institutions with supporn from IARC 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 
3cience 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 :-i the experimental level and the 
market and consumer studies iadicate thiiit demand for 
the product exists, a pilot project isinitiated. The objec
tive of a pilot project is to introduce, into a specific 
growing region and on a reduced scale, both the post
harvest technology that has tben developed and the 
associated production technology that will enable famicrs 
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, 

ccoronlic 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 farmer organiz'a
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-lforn and at local experiment
stations. At the end of the pilot project stage, sufficient 
firsthmd data arc available to form ul ate a proposal for 
a full-scale root/i lbcr-ba.sed development project. 

Pilot projects can also provide a framework within 
which the IARws can interact with NARI)S. "liis interac
lion permits the validation and adaptation of existing 
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productioi; and postharvest technology. together with 
tile techniques that have been developed for market 
analysis. Especia;!y ,iseful is tile possibility of feedback, 
so that the rescarch carried out by tie IAR(C' and NARDS 
may be constantly adjusted or reoriented according to 
the requirements of the differing ecological or socio-
ccoaomic conditions in each country. This mechanism 
is invaluable for improving the relcvancc If research. 

Donor agcncics have recognized the importance of 
pilot project testing and adaptation of production and 
postharvcst :cchnologies, thereforc, funds can now be 
readily obtained for carrying out these activities. The 
IARCs also provide training to NARDS staff in formulat
ing proposals to be presented t( these agencies. 

Con ercial-scale Expansion 
The experience of the pilot project stage provides the 
loundations from which to replicate or expand tie use 
of the technology. Given the real cost of the technology 
is now known, tile resources required to obtain its 
adoption on a wider scale may be calculated. T'his 
includes provision of credit for root/tuber production 
and the establishment of a processing capacity, the 
institutional requi ret nents necessary to provide trniting 
and technical assistance to farmers and those involved 
in processing, and a plan for the efficient distribution 
and promotion ofthe product. The formation oftsecond-
order lfornmer/processororgani/ati(oils tO coordinatesuch 
activities as marketing, farmer training, and credit pro
vision is often essential. 

An important activity at this stage is Itoestailish a 
monitoring system to determine exactly how tile benefit% 
of the introducedt production and postharvest technol-
ogy are being dist:ibuted. Such a system should be 
Incorporated into tile pilot projects so that tilenational 
executing agencies may assess tileadvance of the pro-
ject and introduce any modifications in its orientation 
that may be necessary. 

During this phase, administntion of the project 
passes into the hands of the beneficiaries themsclvcs. 
Throughout this process, crop pr(ducers and processors 
incre'singly take over rcsponsibi!ity, until their associa-
tion assumes complete control over the project. The 
project may be used as, model for the training of project 
personnel and participating farmers. 

Benefits of an Integrated Approach 
An integrated root and tuber crops project isvaluable 
for improving the crop production system. It is also 

useful for mobilizing people around community dcvcl
opment problems. T7he project creates enthusiasm and 
confidence in the particixunts' capabtiiiies. This increases 
enormously lie power of all partics involved, including 
small flanaers, re.searchers, dcvopnien aigents, 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 generate
condition,; for economic and social development that will 
respond primarily to local needs and opportunitics, after 
which itadopts regional and national projections. 

Conclusion 
The integrated project simultanotsly addrcssesaspects 

iclatcd to production, postharvest treatnment, and mar
kcting of tie crop. Nevertheless, none of these aspects 
is an end in itself; they are essential comn;.f::ern;s that 
mutst lcsystenlaticallyarticulatcdt(odevelopi.-ommer
cial product and make it accessible to the consunwr. The 
integrated project defines the ta;ks of production and 
processing in such a manner that they are conceived and 
implemented as a part of the product development task. 
Product development is oriented in accordance with the 
specific characteristics of a final market and interprets 
tie effectiveness of its actions from the st:'ndpoint of 
objectives that go beyonu what is strict'y agricultural. 

Commercial acceptance of the final product is the 
element in which the activities of crop production,
processing, and commercialization are integrated, and 
to which they are oricned.Therefore, the mclhodologi
cal starting point of the integrated project is the interface 
between the final product and tie consumer; a contact 
that is c.stablisicJ afler conmmerciali/ation and is essen
lil for effective marketing. Hence tilecharacteristics 
that consumer%attribute to a product that they wish to 
acquire mark tile critical statling 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 a temponry preeminence in the process 
of final product development. On the one hand, it is 
poissible t(o consider these functions as "episodes" (even 
parallcl ones) at the rate in which they are integnl---4l
bet distinct-parts of the whole. Oi tileother hand, the 
functions of production, processing, and coninierci;diza
tion take turns in assuming the role (If "leader" during 
the process of creating tihe final product. In all cases, tile 
individual efficiency of each component strongly affects 
ithe results of the entire integrated project. 
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Integrated root and tuber crop projects require high 
levels of commitment, social participation, and admin-
isti-ative performance. In an integrated project, the design 
of effective organizational stratcgies for implementa-
tion is emphasized. This assumeCs an evaluation and 
refinement of systems that will gradually transfer power 
to farmers so they can autonomously administer root/ 
tuber crop-based agro-industrial enterprise,; and also 
provide the general direction of the regional develop
ment that these enterprises will generate, The project 
also requiru-s accentuating technical, administrativc, awd 
organizati:nal training for farmers. Finally, it idcntifies 
channels and models for establishing cooperation be-
twee the various public and private irstitutions that 
offersupport services in technology gcncr,.'ion, product 
design, technical extension, credit, and marketing and 
promoting products. 

For both, decision mak-ing is a multi-fa':eted process 
because they seek multiple objectives at different levels. 
Hence the programs need to use multi-disciplinary teams. 
Both programs explicitly identify the rural pooras their 
principal clients. As a result, they seek to raise employ
ment and income levels, to promote more equitable 
distributionof income, and to increaseaccess to services 
for the less privileged sectors. 

Nonetheless, an integrated root and tuber crops 
project differs from an 11u) program. First, an integrated 
root and tuber crop project concentrates its activities in 
a reduced geographic area and seeks narrower objec
tives than those ofan 11)program. Aroot and tubercrop 
project can therefore be incorporated with 1IR.Second, 
an integrated root and tuber crop project requires public 
and private investment, but, above all, it is a technol
ogy-induced development program. 'he element that 

An integrated root and tuber.crops project has cle- releces development is not so much the infusion of 
ments in common with integrated rural development capital for infrastructurc or operations but the adoption 
(IRD) programs. Both emphasize the relationship and of technology. Technological innovations permit the 
mutual support of economic and social development exploitation of a series of national resources, especially 
and the importance of active beneficiary participation. local ones, that previously were undcrused. 
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II. Country Reports
 

National trends in production, marketing, processing, and utilization of cvssava and sweet
potato in selected Asian countries are the subject matter of this section. Similar patterns are also 
discussed foraroids in the South Pacificcountries. Such informatioi complements the descriptive 
analysis of the aggregate data in the previous section by providing more detail about particular 
commodities. The country reports also identify contributing factors or limiting constraints to 
product development for roots and tubers in specific locatinns. 

Cassava is the third most important food crop in Indonesia. Sweetpotato is a secondary crop 
nationwide; but, in Irian Jaya, it is a staple food. In the paper Sweetpotato and Cassava 
Development: Present Status and Future Prospects in Indonesia, Agus Setyono, Djoko S. 
Damardjati, and Husni Malian provide an overview of recent Irends in production and utilization 
for these two commodities. Regional differences in consumption and marketing are also noted. 
Traditional processing techniques are described. While considerable potential for expanding
production of these two crops exists, the authors contend that this will depend in large part on 
expanding and diversifying processing activities. 

Sweetpotato ranks fourth as a food crop following rice, wheat, and corn in China with an 
annual production of about 110 million t. In Sweetpotato in China, Li Wei Ge, Wu Xiuqin, Cai 
Huiyi, and Du Rong outline trends in planted area, production, and yield (including maps);
changes in market demand; and examples of current processing techniques as well as problems 
being faced. Important changes in government policy are also notki. Approximately 75% of 
sweetpotato output in China now goes to feed (30%) and processing (45%), a remarkable change 
from an emphasis in the 1970s on direct human consumption. 

Thailand is the world's largest cassava producing country with about 23 million t of fresh 
roots, valued at nearly US$ 950 million. In the paper Cassava Process;:.g and Utilization in 
Thailand, U. Cenpukdee, C. Thiraporn, and S.Sinthuprama note that cassava is utilized mainly
for starch, and chips an! . pellets for export to the European Community (principally the Nether
lands) to make pig feed and modified starch. They go on to document the rapid rise in fresh 
cassava output in response to foreign demand during the last two decades. They also describe 
more recent efforts at diversification in the Thai cassava processing industry to reduce depend
ence on the European market. 
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Sweetpotato is a minor crop in Thailand with annual production between 50,000 t to 100,000 t. 
As explained in the paper Sweetpotato Production and Utilization in Thailand by Saipin 
Maneepun and Sumalee Soontornnarurungsi, sweetpotato flour is currently being used to make 
noodles for export to Korea and Japan. According to the authors, this and other processing 
activities could be scaled up if yields, agronomic practices, and the quality of sweetpotato being 
supplied to processors could be improved. 

Vietnam annually produces over 2.1 million t of sweetpotato and 2.6 t of cassava. As Quach 
Nghiem states in Cassava and Sweetpotato Processing, Marketing and Utilization in Vietnam, 
some 65% of these roots are used for animal feed. While sweetpotato is used for feed in fresh 
form, dried cassava is an important source of feed for pigs and other animals. Most utilization 
takes place in the farmer's own household. For cassava and sweetpotato to reach their full 
potential, Quach Nghiem indicates that more efficient techniques for processing, utilization and 
marketing need to be developed as well as effective government policies to help bring this about. 

Sweetpotato is a crop in transition in Korea. According to Byeong-Choon Jeong in Sweet
potato Processing, Marketing, and Utilization in Korea, production has fallen from nearly 3.0 
million t in 1965 to 0.6 million t in 1989. A variety of factors, including changing tastes and 
preferences as well as cheap imports for starch and animal feed, have influenced this trend. Still, 
consumers' recent desire to eat good quality sweetpotato roots and petioles as vegetables has 
been increasing. This and other new uses for sweetpotato are, in Jeong's view, the key to greater 
consumption and production in the future. 

Sweetpotato production in Taiwan fell from 3.4 million t in 1970 to 0.2 million t in 1989. During 
this period, over 60% of annual output was used for animal feed and about 20% went for 
manufacture. W. Chiang claims in Sweetpotato Production and Utilization in Taiwan that in 
order to increase human consumption, high value products such as french fry-type sweetpotatoes 
need to be developed. 

In Root and Tuber Processing, Marketing, and Utilization in !Le South Pacific, . Bjorna 
notes the relative importance of aroids particularly colocasia in West Samoa, Niue, and Tuvalu. 
Cassava is important in the Cook Islands and Tonga. Little root crop processing takes place in 
the South Pacific. The main constraints are small markets, limited supplies, and long distances 
between growing areas and population centers. Export of fresh roots and tubers has some 
potential. 

In Processing, Marketing and Utilization of Cassava and Sweetpotato in India, C. Balagopalan, 
G. Pad maja, and G.T.Kurup note that output forboth crops started to decline recently. Of total cassava 
production (3.6 million t), about 17% goes for starch and more than 20% for animal feed. In contrast, 
the bulk of sweetpotato output goes for human consumption; only the vines are fed to cattle. Very 
recently, however, sweetpotato flour has appeared in Indian markets. Both crops have considerable 
unrealized potential for additional processing. Research priorities include storage techniques, waste 
recycling, animal and fish feeds, improved technology for starch extraction from sweetpotato, and 
an assessment of the market/technological potential of different processes and products. 
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Sweetpotato and Cassava Development: Present
 
Status and Future Prospects in Indonesia
 

Agus Setyono, Djoko S. Damardjati,andHusniMalian1 

Abstract 

Cassava is the third most important food crop in Indonesia. Swectpotato is a secondary crop nationwide, 
but in Irian Jaya it is a staple food. This paper reviews recent trends in production and utilization for these 
two commodities. Regional differences in consumption and marketing are also noted and traditional 
processing techniques described. Based on low average yields in farmer fields relative to experimental 
plots, considerable potential for increased production of cassava and sweetpotato would appear possible
in Indonesia. Realizing this potential, however, will depend in large part on expanding and diversifying 
current processing activities. 

Key words: cassava, sweetpotato, produition, utilization, Indonesia. 

Introduction 

Cassava (Manihotesculenta)isthe third most important 
staple food crop following rice and corn in Indonesia. 
Cassava production has been stagnant since the early 
1970s. Two factors may have caused this stagnation: 
marketing problems and the low status of the crop. 

This commodity has potential for development and 
occupies an important positionin theagricultural economy 
of Indonesia. Due to the growing imprtmancc of cassava 
as food, feed, a raw material for indtstry, and as an export 
conmnodity, progres in development effort,; has been made. 

Sweetpotato (Ipomoea batalas) is not a major crop 
for most of Indonesia, but in Irian Jaya it is astaple food. 
Sweetpotato production and area planted in Indonesia 
show a decreasing trend over the last twenty years. 

Farmers'yiclds forcassavaand sweetpotatoare still 
very low compared to those obtained in experimental 
plots, indicating a potential for yield increases. Stable 
prices and improved utilization technology will stimu-
late the demand and, therefore, production also. 

Cassava and 
Sweetpotato Production 

Cassava Production 

At present, cassava is cultivated by farmers in almost 
all areas of Indonesia, from lowlands to highlands, dry 
or wet climates, and under various soil conditions. A 
national recapitulation of upland area land use can be 
seen in Table 1. Wargiono (1989) stated that the har
vested area ofcassava in Indonesia showed a decreasing 
trend of0.7% a year. However, since 1986 the trend has 
increwsed slightly, and in 1988, the total h rvested area 
was 1.31 million ha with a total production of 15.47 
million t (Tahle 2). 

There arc 13 provinces in Indonesia that have more 
than 10,000 ha of cassava (seven of these are shown on 
Table 3; Map 1). These provinces arc regarded as the 
main pr(uction areas for cassava and for swectpotato. 

The average yield per ha of cassava at the farmers' 
level is still very low at 12 t/ha. This can be increased 

Postharvest Technologist/Food Scientist, Research Coordinator on Postharvest Tcchnology/Food Scicntist, and Socioeconomist,
respectively, at the Central Research Institute for Food Crops (CRI['), Jalan l(erdeka 147, Bogeor, Indonesia, the Agency for 
Agricultural Research and Development (AARD), and the Central Research Institute for Food Crops (CRiFC). 
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Table 1. Recapitulation of national upland area (ha), 1984-87. 

Kind of Year 
upland 1984 1985 1986 1987 

Cultivated 8,327,282 8,091,282 8,377,480 8,761,476 

Temporary 
cultivated 2,750,485 2,826,683 2,902,528 3,125,278 

Un-used/un

cultivated 7,371,511 7,409,646 8,097,646 8,320,418 

Total 	 18,449,278 18,326,926 19,377,654 20,207,172 

Source: SFCDP1990. 

Table 2. 	 Harvested area, production, and yield of cassava and sweetpotato In Indonesia, 1984-88. 

Year 

Harvested area 
(000 ha) 

Cassava Swectpotato Cassava 

Production 
(000 t) 

Sweetpotato 

Yield potential 
(t/ha) 

Cassava Sweetpotato 

1984 
1985 
1986 
1987 
1988 

1,350 
1,292 
1,170 
1,222 
1,303 

264 
256 
253 
229 
248 

14,167 
14,057 
13,312 
14,356 
15,471 

2,157 
2,161 
2,091 
2,013 
2,159 

10.5 
10.9 
11.4 
11.7 
11.9 

8.2 
8.4 
8.3 
8.8 
8.7 

Source: SFCDP 1990. 

Table 3. 	 Harvested area, production and yield potential of cassava and sweetpotato at the production 
center, 1988. 

larvested area Production Yield potential 
ha) (000 t) (t/ha) 

Province Cassava Sweetpotato Cassava Sweetpotato Cassava Sweetpotato 

North/South 
Sumatra 63 23 769 213 12.3 8.5 
Lampung 151 2 1,915 23 12.6 9.5 
West Java 150 46 1,922 465 12.8 10.1 

Central Java/ 
Yogyakarta 338 27 4,195 268 12.2 9.8 
East Java 290 24 3,439 228 11.8 9.5 
Kalimantan 49 10 475 73 9.8 7.0 
1ali/NTB/NT" 106 32 1,145 290 11.3 7.2 
Irian Jaya 3 25 34 187 10.0 7.4 

Source: Pabinru 1989. 
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Map 1. Major cassava producing provinces in Indonesia. 
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by introducing new technologies to farmers, e.g., im-
proved varieties and cultural practices. In a cassava 
estate owned by a tapioca factory in lImpung, yields of 
25-30 t/ha can be steadily achieved (Rusastra 1988). 
Furthermore, ithas been reported that on an experimcn-
tal scale the yield ofcassava was 75 t/ha. Itappears that 
the cassava yield at the farmers' level is still far below 
its real yield potential. 

Some varieties ofcissava which have been rcleiscd 
are Gading, Walenca, siPl, Bogor Muaa, Adira 1,Adira 
II, and Adira IV (SFCDP 19X)). A brief description of 
cassava varieties is presented in Table 4. 

Sweetpotato Production 

Harvested area of sweetpotato dccreased from 0.37 
million ha in 1969 to 0.23 million ha in 1987 (SIIr
1988), though the actual decrease between 1984-87 wis 
small. Swectpotato yields did not change much during 
1984-88 (Table 2). Thcrcfore, it is anticipated that pro-
duction increases will be mainly from increasing area 
planted. Currently, almost50%ofarea planted isin Java 
(Table 3). Swectpotato is used as a main staple food in 
Irian Jaya. 

Eleven Frovinces in Indonesia are considered as the 
major production areas of swcetpotato, i.e., North and 
South Sumatra, West, Central and East Java, Bali, N.T13., 
N.T.T., Central Sulawesi, South Sulawesi and Irian Jaya 
(Mablc 3; Map 2) (SFCI)Il 1990). 

Average farmer's yields for swcctxtat is still very 
low at 7-10 t/ha. But total production could be increased 
by introducing high-yielding varieties. Improved vari
cties of sweetpotato that have bcen released inIndonesia 
are Puerto Rico, Southern Queen 27, Kawagoya, Tem
bakur Putih, Gedag, Tembakur Ungu, Tiwul 45, Daya, 
Borobudur, and Prambanan. Abricfdcscription of these 
sweetpotato varieties is presented in Table 5. 

Consumption and Marketing 

Cassava consumption per capita per year has tended to 
decrease gradually in Indonesia. Cassava consumption 
for food fell from 57.4 kg/capita in 1983 to 51.0 kg/capita 
in 1988 (Table 6). In rural areas, cassava consumption 
per capita also decreased from 76 kg in 1976 to 65 
kg/capita per year in 1984. However, total consumption 
increLsed, which is presumably due to the increase in 

Table 4. Characteristics of some promising cassava varieties. 

Characteristic 

Vegetative cycle (months) 

Protein (%) 

ICN (mg/kg) 

Flour (%) 

Root: 
Color outer
 
layer skin 


Color inner
 
layer skin 


Color flesh 


'atste 


Yield potential 

Variety 
Gading Walenca SPi logor Muara Adira I Adira I1 Adira IV 

7-8 8-10 10-11 8-10 7. 10 7-10 8-12 10-12 

-- 0.7 0.4 0.35 0.41 0.5 0.7 0.8 

40 40 100 100 100 27.5 124 68 

-- 33.1 35.4 30.9 26.9 45 41 18-22 

.... .. .. .. brown brown 

...... ...... brown rose 

white white white white white yellow white white 

sweet sweet bitter bitter bitter swcet slightly slightly 
bitter bitter 

(t/ha) 15-20 15-21 20-30 20-30 20-30 22 21 35 

Source: SFCDI' 1990. 
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Map 2. Major sweetpotato producing provinces in Indonesia. 
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TableS. Characteristics of some promising sweetpotato varieties. 

Variety 

Tembakur Tembakur 
Puerto Southern Kawa- white purple Taiwan Boro- Pram-

Characteristic Rico Queen 27 goya (Putih) Gedang (i/nga) 45 l)aya budur banan 

Vegetative cycle 

(months)  4 4 4 4 3.5-4 4-4.5 

Protein (%) 1.3 1.4 1.1 .... 0.8 - 0.8 0.60 0.64 
Beta Carotene 

(mg/100g) .-.. 275... 279 12.26 614 

Vit. C 
(mg/10g) 20 20 I 1.... 4 4 4 5.4 
Four (%) 25 28.5 28.7 ........ 28 28 

Tuber: 

Color skin light- yellow red yellow- orange violet while yellow orange orange 
red while 

Color flesh orange yellow yellow white orange white while orange orange orange 
Shape oval long spherical spherical .Spherical .spheical sphelical oval spherical oval 
Size -- nioderate moderate bi', Itodetate big big .. 

Taste very nicely slightly slightly sweet slightly sweet sweet nicely 
sweet sweet sweet sweet sweet sweet 

Yield potential 
(t/ha) 10 10.15 15-17 25 28 

Source: SFCDI 1090. 

-- = Data is not available. 

Table 6. Average consumption of major fool crops in Indonesia, 1983-88. 

1983 1986 1988 
caloric caloric calorie 

Commodity kg/ycar (cal/day) kg/ycar (cal/day) kg/year (cal/day) 

Rice 145.21 1432 147.36 1453 150.18 1481 
Cassava 57.41 230 51.40 154 51.00 153
 

Tapioca 0.50 6 1.35 13 1.00 0
 
Gaplek ........ 
 1.40 14 

Sweetpotato 12.46 42 11.05 32 10.93 32 
Wheat 8.19 82 5.96 60 6.59 66 
Corn 27.35 233 29.25 256 30.75 269 
Soybean 4.45 40 8.8M 80 9.49 86 

Source: Central Bureau of Statistik. 

-- = Data not available. 
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population. In general, cassava consumption is htghcr 
in rural areas than in cities and towns. For example, 
fresh root consumption is about five times higher in the 
countryside than in urban areas. Dried cassava con-
sumption in the cities is around 0.10 kg/capita and in 
rural areas 4.0 kg/capita. Cassava flour consumption is 
0.10 kg/capita and 0.57 kg/capita in urban and rural 
areas, respectively. Ingeneral, expenditures for cassava 
decline as the consumer's income increascs. Still, the 
Ministry of Agriculture (1989) estimates that total do-mestic consumption would increase; from 10.7 million tin 
lm.)()to 14 / milliontin 15 and to 15.5 milliont oin, 

From the total production of cassava, consumption 
as human food is 54.8%, s food products is 1.8%, 
utilization for non-lood industries 8.V,;,, tor the tapioca 
industries 19.9%, and for export 18.9% ('l'jaibj~tdi 1989). 

Sweetpotato consumptioll per capita per year has 
also tended to decrease gradually. Swectpotato con-
sumption for food decreased from 12.5 kg/year in 1983 
to 10.9 kg/year in 1988 (Table 0). Although most sweet-
potato in Indonesia is used for fresh consumption, some 
processing takes place. Little is known about currentproducts.r'lvc
processing practices and products,

proesin prriiceandetott 

The Ministry of Agriculture haes projected sweet

potato production at 57 million tin the year 2000. Ths 

projection corresponds to an annual increase of 5.8% 

starting in 1984. According to an estimate made by the 
Directorate of Root Crop Production, harvested area 
must be increased by 4.1% and productivity by 1.5% 
annually to achieve this target. Considering production 
trends observed during the last ten years, special efforts 
will be required to meet this p:,)jcction. 

Cassava utilizaition in Java is different from that 
observed in Iampung, therefore, marketing is also dif-
ferent. Most cassava produced in Java is utilized for 
human consumption and starch (tapioca). Farmers in 
East Java sell about 50% of their cassava in the form of 
fresh roots to traders who mainly supply the tapioca 
industry (Damardjati ct al. 19W)). The other 50% of 
production is processed into gaplek (cassava chips) and 
sold to traders. Farmers in Central Java sell about 80-90% 
of their cassava in the form of fresh roots to middlemen 
who mainly supply the tapioca industry. The remaining 
10-20% of production goes for housesold consumption. 

In Lampung, cassava is grown primarily by Java-
nese transmigrants in isolated areas. Farmers near starch 
factories tend to sell their fresh cassava directly to the 
factories, while those in remote areas sell their cassava 
to traders or middlemen. Gaplek is usually processed by 

the farmer and sold to traders, who transport it to pellet
ing factories or exporters in the city. 

Sweetpotato processing appears to be restricted by 
discontinuous availability and price. At present, the 
difficulty of obtaining swcetlpotato during the dry sason 

limits the development of the swcetpotato industry. 
Unstable prices ale another problem. 

Processed sweetpotato products from home indus

try Presldsold tweato ts while productsare nearby markets, products from from 
larger industries are distributed much further. Market
ing through retailers or groceries is done by cash pay
mcnt or credit. 

The price of cassava at the farmers' level isvariable 
depending on location and harvesting time. The price 
fluctuates widely from Rp. 2(.00 to Rp. 177.67/kg, and 
depends on tie production center of cassava (Table 7). 
The price ofcasava ill Loaipung is the lowcst compared 
to those in other production centers which are about Rp. 
27(X) to Rp. 62.25/kg. The highest cassava price is found 
in Irian Jaya, about Rp. 103.80 to Rp. 143.20/kg ('lablc 7). 

The price of swctpotatoat the fartiers'level isalsoi as 
affected by province and harvesting time. The price in 
East Java is lowest, about Rp. 71.00 to Rp. 80.20/kg, 

and in Irian Jaya highest at about Rp. 137.20 to Rp. 
199.20/kg (Table 8). 

Processing and Utilization 

Postharvest Handling System 

Fresh cassava and swectpotato handling is very impor
tant at the farmers' level. This activity influences the 
characteristics and quality of cassava products. 

Harvesting 

The optimum harvesting time for specific varieties is 
seldom known and roots are frequently harvested either 
too young or too old. Harvesting ofcassava is generally 
done by hand and heavy damage may occur due to lack 
ofcare when pulling the roots from the ground. Harvest
ing of sweetpotato is done by broad hoe, and here also 
damage may occur. 

Transporting Fresh Roots 

Cassava can deteriorate rapidly after harvest. Cassava 
and sweetpiotato roots are very bulky which makes 
transportation difficult and expensive. Usually, farmers 
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Table 7. Average price of c'ssava (Rp/kg) at the farmers' level at the production center, 1984-88. 

Month 
South 
Sum. iimpung 

West 
Java 

Central 
Java 

East 
Java 

Kali-
mantan Sulawesi 

Bali/ 
N'IT 

Irian 
Jaya 

January 
February 
March 
April 

35.00 
39.75 
56.00 
86.00 

34.00 
27.00 
32.67 
32.67 

84.75 
93.25 
81.0() 
76.00 

62.(X) 
63.20 
88.60 
70.80 

65.(X) 
0.40 
66.60 
69.80 

57.00 
65.(X) 
75.(X) 
62.50 

110.17 
106.(X) 

W0.25 
9Q.33 

109.50 131.20 
(,().(X)139.40 
91.50 143.20 
101.50 140.80 

May 
June 
July 
August 

68.00 
41.00 
45.00 
26.00 

42.00 
41.33 
47.75 
62.25 

80.75 
81.(X 
75.5(0 
70.00 

74.00 
68.40 
62.75 
68.00 

58.50 
66.60 
69.60 
81.(X) 

107.(X1 
81.00 
86.09 
57.50 

103.(X) 
23.33 
98.(X) 

108.(X) 

132(X) 
116.75 
75.67 

125.(X) 

117.60 
133.2(0 
116.0(0 
123.40 

September 
October 
November 
December 

--

27.00 
37.50 
41.00 

41.25 
40.75 
47.50 
42.75 

65.50 
62.75 
61.75 
65.50 

47.67 
54.50 
60.25 
(A.60 

66.40 
67.(X) 
69.40 
66.00 

51 .(X) 
70.(X) 
85.00 
84.50 

%.(X) 
94.() 

11 1(X) 
102.(X) 

104.50 
147.(X) 
177.67 
102.50 

115.00 
103.80 
106.40 
114.50 

Source: Central Bureau ofStatistik. 

Table 8. Average price of sweetpotato (Rpkg) at ti farmers' level at the production center, 1984-88. 

South West Central East Kali- Irian 
Month Sum. Lampung Java Java Java mantan Sulawesi NIT Jaya 

January 106.33 65.75 110.20 75.80 72.20 109.00 105.00 101.33 192.80 
February 99.00 57.50 111.6(1 78.60 71.00 115.00 112.00 146.0() 188.40
March 109.33 59.00 114.40 77.8(1 71.80 170.(X) 97.75 159.(X) 191.60 
April 113.50 103.20 154.00 99.00 78.75 117.50 129.33 103.50 194.20 

May 84.00 101.80 119.20 98.20 78.75 113.50 127.33 90.50 192.40 
June 75.00 88.00 124.40 102.20 78.80 136.33 116.67 113.00 199.20 
July 95.50 91.40 107.60 86.00 79.00 143.50 108.00 88.33 172.60 
August -- 105.20 96.60 99.20 76.80 84.00 118.00 99.00 168.20 

September 90.00 91.50 104.40 77.33 77.60 111.00 103.50 115.00 176.00 
October 100.00 109.75 100.80 82.00 77.80 110.50 92.00 176.67 161.00 
November 120.50 142.67 113.20 88.25 80.20 113.50 120.00 175.00 137.20 
December 97.50 92.75 109.40 85.20 74.40 141.0() 114.50 96.00 163.60 

Source: Central Bureau of Statistik. 

bring the fresh cassava and sweetpotato to their house cleaned roots are layercd and these layers covered with 
or community warehouse for furtiher processing or sale. wet rice husk. Fresh cassava roots can be stored for 1-2 

weeks in that way. 
Fresh Storage
 

Cassava roots often can not be processed or consumed Present Utilization 
immediately after harvest. If it is nt processed within 
three days, a deterioration called kepoyohan will occur. According to Indonesian Food Balance Sheet data (CBS
The color changes, taste declines, and finally the roots 1989), total cassava production in 1988 was 15.47 mil
spoil. To improve the storability of fresh cassava, the lion t. Of this, 57.3% consumedwas as fresh food, 
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directly, or dried as gaplek, 10.5% was exported w; 
gaplek, chips, or pellets, and 17.2% was used as raw 
material in industries such &itapioca (starch) (10.2%) 
and other non-food industries (7.0%). Postharvest los-
ses are still relatively high, about 13.0% (Table 9). 

fore, many traditional products for local or domestic 
consumption are produced at the village level. Many of 
these products are produced by farmers' families for 
additional income. Human food products are made from 
both fresh and dried cassava. A multitude of product 

Cassava utilization in Indonesia differs throughout 
the country. In Java where ().0% of the population 
reside, , cassava is consumed primarily as human food. 
Unnevehr (1982) repurted that rural inh:bit:mis utilize 
approximately 51% ofthe frcsh cassavaand 49% of the 
dried cassava (gaplek) for their family's needs. In addi-
tion to the fresh and dried cassava utilized by rural 
families, a fairly large percentage of cassava produced 
in Java is proccsscd into starch for domestic consump-
tion and into gaplek for export. 

Few sweetpotato products are available in the mar-
ket. Utilization of sweetpotato in food processing in-
Justries is still limited. 

Fresh Cassava and 
Sweetpotato Processing 

Cassava roots can be utilized in various forms, such s 
direct consumption after cooking (boiled, roasted, 
steamed, fried), fermentating to produce tape, drying 
(either whole tuber or slices) t,produce galdek, and 
extracting to produce tapioca (cassava starch). Gaplek 
can be kept as a food reserve or as animal feed. In Java, 
most cassava is utilized for human consumption. There-

types, such m.sceriping, gemblong, gethuk, lemet orutri,kolak, kripik, and opak are commonly produced from 
fresh cassava. 

Studies on sweetpotato processing showed that a 
total of ten food products are produced ona commercial 
scale. The most imortant product in terms of number 
ofcntcrprises involved and availability of product in the 
market is tomato-flavored ketchup. Products of less 
economic importance include krupuk, chips, and per
mnen (candy). Sweetpotato chips are found in Bandung 
and Tangerang and are produced by a snack product
factory which uses sophisticated packaging. 

Fermented and DriedCassava 

and Sweetpotato Processing 

Some traditional cassava processing techniques torhome
industry scale arc described below (see Fig. 1). 

Cassava
 

Tale/Flour Tape. Cassava roots are cut into pieces 
5-1 cni in length, wasshed until quiteclean and then half 
cooKed. The cooked cassava is then fermented by in
oculating with ragi tapeoryeast (Clamioinucororyzae 

Table 9. Production and utilization trends for cassava and sweetpotato inIndonsiia, 19&3-88. 

Frc.sh roots n'r tubers (or equivalent) 
1)83 1987 1988 

Item of Cassava SwectpotIto (?assava Sweetpolt to Cassava Sweelpotato 
products (000 t) 

Total production 12,103 

Waste (losses) 1,476 

Export 748 

Manufactured for: 
Feed 227 
Food 333 
Industry 341 

Food consumption 8,573 

Source: Central Bureau ofStatistik. 

((XX) t) (0()) t) (tXX) t) (0X) t) (000 t) 

2,213 14,356 2,031 15,471 2,159 

221 1,866 201 2,011 216 

44 287 40 309 43 
-- 3,401 -- 4,288 -
.......... 

1,498 8,802 1,772 8,863 1,900 
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Figure 1. Flow chart of traditional cassava processing and its products. 
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and Rhizopus oryzae) and covered with banana leaves 
for 2-3 days. During fermentation, staich is converted 
to simple sugar by an enzyme which is produced by 
Rhizopus oryzae. Tape contains 0.5 %protein, 0.1% fat, 
42.5% carbohydrate, and 56% moisture. 

Dried cassava or gaplek ismainly exported as animal 
feed but is also used for making food products. 7 
gatot, and other products are proCuced from dried cas
sava and consumed primarily by the Javanese. How-
ever, through Javanese transmigration, these products 
have also been introduced to other parts of Indonesia. 

Tiwul. It is made from gaplek which has been pul
verized and sieved. The meal is kneaded along with a 

little water into paste, mixed with sugar, and steamed. 
This gritty material is served to substitute for rice. 

Oyek. ssava roots are peeled and soaked in water forabout one wc. k, and then drained and ground. Thle 
ground cassava is kneaded with a little water, steamned, 

and sun-dried. 
Gatot. Gaplek is cut into pieces, steamed, and pread 
out on a bamboo mat. The pieces are kept wet !b'-r 2-3 
days by continually sprinkling water over them. Their 
color will turn black and they will acquire a specific 
taste. These can be served after steaming. 
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Sweetpotato 

Some sweetpotato processing techniques applied at small 

to intermediate scale arc described in Figure 2. 

Kremes. Various materials are used. However, typical-
ly the materials required for making krcmes arc sweet-
potato, cooking or vegetable oil (coconut oil), brown 
sugar, and vanilla. 

The brown sugar is niclted, and vanilla is added. 
The sweetpotato is peeled, sliced, washed, and drained. 
The slices are deep fried until they are floating; and then 
the sugar solution is added and the slices are removed 
ad prcssed. 

Ceriping/Keripik. There are two kinds of'swectpotato 
ceriping, salted or sweetened ceripings or keripik . 
Keripik is made from swectpotato, sugar, cooking oil, 
and vanilla powder. First, the sugar isboiled. The sweet
pxota!to is peeled and sliced, and then washed and drained. 
The sliced swcetpotato is partly fried. The sugar solu-
tion is added when the slices are still hot, and then left 

for several hours. After that, the slices are fried again 
and then packed. 

Sauce and Chily Sauce. The main material is sweet
potato whih is combined with the different spices used 
by different factories. Diffcrcnt amounts of sweetpo
tatoes are used by the various factories, but the process
ing techniques arc the same. 

The ingredients are swcetpo)tato, corn flour, pepper, 
cayenne pepper, coioring agent, garlic, sodium gluta
mate, sodium bcnzoate, rock candy, salt, CMC, and 
vinegar. All spices are mixcd. The sweetpotato is washcd
and then boiled. The boiled sweetpotato is milled, water 

is added, and the mixture is sieved. The spices are added 
to th ,orridge of swetpotato which is dien cooked for 
about. nin,cooled down forabout one night, and then 
packed or bottled befre they are pat 'irizcd. 

Timus. The materials required for making Timus are 
swctupotato, cassava flour, sugai, vanilla powdcr, sodium 
benzoate, and salt. 

Figure 2. Flow churt of sweeto)tato processing and its products. 
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The sweetpotato roots are pweld, washed, and 
steamed. The steamed sweetpotato is milled and all the 
other ingredients are added and mixed thoroughly. Thc 
mixture is shaped into cylinders and then fried, 

Obi. The raw material of obi consists of swectpotato 
mixed with cassava flour, sugar, and vanilla powder. 
The sweetpotato roots are peced and then washed and 
boiled. They are milled and roi,'d thoroughly with 
other ingredients. The mixc sweetpotato isthen shaped 
into smaw balls and fried. 

Prospects and Potential of Cassava 
and Sweetpotato Utilization 

Cassava 


Tapioca or starch is a major product of fresh cassava, 
and it is presently used in the food, pharmaceutical, 
textile, and paper industries in Indonesia. Mxlified 
starches have not been produced much. Hence, the 
production of modified starches will be a potential area 
of expansion for the domestic market. In addition, by-
products of the cassava starch industry can be utilized 
as raw material in other industries, 

Starch is used primarily in the food industry (s a 
thickener, filler, binder, or stabilizer), the ph: aceuti-
cal industry, brewing industry, paper and board industry, 
textile industry, and building, metal, and chemical in-
dustries. 

Sweeteners or similar products, such as glucose 
syrup, fructose syrup, and dextrose, are produced by 
hydrolysing this starch. Further complex processing 
may be used to produce high fructose syrup from starch. 

In addition to the sweeteners, other products which 
can be made from freshcassava and/or from cassavastarch 
are alcohol and single cell protein (scP). Both of these are 
produced through starch hydrolysis and fermentation. 

Sweetpotato 


Sweetpotato is commonly served for food as steamed, 
boiled, fried, or roasted sweetpotato. In home industries, 
sweetpotato is processed into various products such as 
fried chip, kremes, ketchup, and timus (Setyono and 
Fagi 1989). 

In larger industries, swcetpotato is processed into 
chips, sweetpotato flour, and fermented products. Pros-
pects and potential for sweetpotato utilization are cur-
rently being studied. 
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Sweetpotato in China 

Li Wei Ge, Wu Xiuqin, CaiHuiyi, andDuRong1 

Abstract 

This report gives a brief introduction to the past, present and, future situation of sweetpotato in China.
Included are a general outline on the planted area, production, and yields; changes in the market demand;
information on its place as a food source for human consumption, a raw material for processing, as animal 
feed, and feed products; examples of current processing techniques; effects of economic policy on its 
development, and problems bcing faced. 

Key words: China, swectpotato, production, utilization. 

Introduction 

Sweetpotato was introduced into China in the late six-
tecnth century during the reign of the Wan Li Ming
Dynasty. Its cultivation is distributed over a wide area,
from Hainan Province in the south to Heilongjiang 
Province in the north (480 northern latitude) (Map 1). 

Sweetpotato ranks fourth as a food crop following 
rice, wheat, and corn. The current annual cuitivated area 
is about 6 million ha with an annual production of about 
110 million t. In the 1950s there was a rapid expansion
of 24% in the sweetpotato cultivation area reaching 7.2 
million ha cultivated, and an increase in production of 
49% reaching 76.6 million t/yr. In this period the yield
increase per unit area was 20%. In the 1960s after the 
"adjustment recovery period," there was a second ex-
pansion in the cultivated arca, reaching approximately 
9.5 million ha, with total production per year reaching 
91 million t. However, yields dropped to 9.6 t/ha. This 
shows that the increase in total production was achieved 
only by the expansion of the cultivated area. 

In the 1970s, government policy put more emphasis 
onagriculture, withan improvement of irrigation facilities, 
increased ferilizer supply, availability of better quality
breeding material, and the introduction of innovative 
cultivation techniques. Cultivated area began to decline, 

stabilizing at about 6.7 million ha. Yields averaged 
about 13 t/ha, and total production reached over 100 
million t.From this period on, growth ofthe total annual 
production was mainly achieved by yield increases (see 
Map 2 and Table 1). 

Inthe past fourdecades, annual production of sweet
potato in China has more than doubled. Cultivated area 

has been declining, but, with the development of tech
nology and more favorable government policies, there has 
been a notable increase in yields and annual production. 

Changes in Market Demand 

Before the 1960s, sweetpotato was used mainly as cereal 
food in the rural districts, secondarily as a feed source, 
and only a small portion processed into starch and 
alco,,olic beverages. Between 1950 and 1960, sweet
potato utilization was as follows: food, 50%; feed, 30%; 
industrial raw material, 10%; and planting material, 
10%. 

In the latter part of the 1970s and in the 1980s, rural 
industry developed rapidly and the standard of living
increased considerably. Sweetpotato's role as a food 
decreased while its role as raw material for processing
increased. The Yellow River, Huai River, and Ha River 

Li Wei Ge, Wu Xiuqin, and Cai fluiyi are Temporary Director and researchers respectively, Feed Research Institute, Chinese Academy 
ofAgricultural Sciences (CAAS),Bai Shi Qiao Lu 30, 100081 Beijing, PRC; Du Rong is a researcher, Animal Sciences Institute, CAAS,
Yuan Ming Yuan West Rd., 00(C94 Beijing, PRC. 
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Map I. Sweetpotato area cultivated in different regions China. 
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Map 2. Sweetpotato yields in different regions. 
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Table 1. Cultivated area and yield of sweetpotato in China. 

Cultivated arcaa 
Decade (million ha) 

1940s 5.8 
1950s 7.2 
1960s 9.5 
1970s 8.1 
1980s 6.7 
1990s 6.0 

aRoundcd to I decimal point. 

districts are the main sweetpotato growing regions and 
their market trends are representative. Shandong, Anhui, 
and Jiangsu are three provinces in this region. We shall 
take them ats an example. In the 1950s, the market 
denind was asastaple food, 50%.; as feed, 30%; for 
processing, 10%; and for planting material and loss, 
10%, with nothing for export. In the 1980s, great chan-
ges in utilization occurred; only 12% was used as staple 
food, 30% for feed, 45% for processing, 5% for export, 
and 8%for planting material and loss. 

The trend is obvious. With the higher output of 
cereals for food, with more and better facilities, process-
ing equipment, and know-how, swcctpotato is used in 
ways which involve progrcssively more processing, 
resulting in a series of products, each one having a 
higher value. More and more attention isgiven to com
prehensive processing. More detail follows. 

Current Utilization Patterns 


and Processing Techniques 
Sweetpotato contains about 20% starch, 3% soluble 
sugar, and many vitamins. It can be utilized in three 
main categories: 

• food and food products 

* raw material for industrial products 

* feed and feed products 

Figure 1 provides ageneral overview.
 

Food and Food Products 

Tender tips of the sweelpotato stem and leaf are often 
used ,asavegetable in rural areas. Fresh roots and dried 
chips were once an important starch food source instead 
ofcereals. Today fresh or stored roots are baked, boiled, 

Yield Total production per year a 

(kg/ha) (million t) 

8899.5 51.5 
10650.0 76.7 
96(X).0 91.2 

13350.0 108.1 
169X).5 113.9 
no data no data 

steamed, or sliced and fried. The latter forms have 
become atype of pastry, with a selling price competing 
with fruit. Swcclpolato food processing utilizes fresh 
roots, root meal, and root chips to produce starch foods 
such ias vermicelli, noodles, or sheet jelly. These are 
produced in large quantities and have many uses in the 
Chinse kitchen. Sweetpotato isalso made into preser
vcs.Quick convenience foods are being developed, also 
health foods with a high carotene, lysine, and calcium 
content. China now has about 50 types of commercial
ized swcetpotato processed food:; with an annual pro
duction of approximately 1.2 million t. The Zhejiang 
Academy of Agriculture! Sciences has done some re
search on extracting protcin from sweetpotato, but so far 
none of the results obtained have an economic benefit. 

Raw Material for Industrial Products 

The starting material used is usually dry sweetpotato 
chips. The main products are starch, white or yellowwine, alcohol, malt, fructose, glucose, and citric acid. 

Other products are lactic acid, acetone, butyric acid, 
amino acid, fermentation products, starch derivatives,
etc. The largest quantities are as starch, wine, and al
cohol. 

Examples of methods for processing potatoes are 
shown in Figures 2 and 3. Figure 2 describes asimple 
way of producing starch and Figure 3 shows another 
simple process, that of malting, that does not require 
specialized equipment. 

Feed and Feed Products 

Sweetpotato stem and leaf isan important feed source. 
It can be fed raw, cooked, or ensiled. Dry stem and leaf 
or its meal can also be used. We have a National 
Standard: ( 1310391-89 swectpotato leafmcal for feed
stuffs. 
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Figure 1. Comprehensive utilization of sweetpotato. 
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Figure 2. Processing procedures for using the natural precipitation method for producing starch. 
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Figure 3. A processing procedure for producing malt which does not required special equipment. 

Healthy stored roots
 
or dry, sweetpotato chips
 

i
 
Wash with water 

Soak chips in 
water till soft 

Boil or steam till well cooked 

Macerate to a slurry 

Add water (2:1 ratio), mix with soda
 
solution to a pH of 6.2-6.4
 

Malt conversion by
 
mixing with 6-10% malt meal
 

Ferment for 3-4 hours at a temperature of
 
50-60'C mix well
 

I
 
Filter through a screen (cloth bag); 
the residue is slurried with water 

and filtered time and again until the 
filtrate is a clear light yellow color 

Decolorate by active carbon 
at 100°C for 30 minutes 

Filter through a cloth bag to remove carbon 

Concentrate 

47 



Sweetpotato stem and leaf can be harvested 4-5 
times in a production season. It can reach a total harvest 
ofabout 135 t/ha of fresh material, enough annual green 
feed for 105 hogs. Stem and leaf can be used raw or 
cooked for goats and cows. Often the fresh harvest is 
cut into one-inch pieces and mixed with wheat bran, 
corn flour, husk bran, and water. -c suitable amount 
fed per kg of hog boay weight is 0. 1-0.12 kg of cuttings. 
Research in Hunan reported that the feed conversion 
ratio was 30:1 for hogs. This important fced source 
yields significant conmmi,' bene'fits IThblc 2). 

....	 n m 1 

Ensiling. To prepare silage, harvested stem and leaf 
is left in the sun for 2-3 hours. During this period, about 
25% of the moisture content evaporates. Subsequently, 

cut 	 into 1-2 cm pieces. Silage can bethe material is 

prepared in plastic bags, earthenware Jars or in the silo. 

Ensiling increases the nutritional value is shown in 

Table 3. 


Tht- mitablc amount fed per kg of animal body 
weight is 0.1-0.15 kg of' silage; above this amount, 
diarrhea appeairs. Also there should be an adaptation 
period. The most suitable way of using swect[x)tato 
fresh stems and leaves or silage is to mix it with fornmu-
lated feed to save irt of the more expensive product. 
Sweetpotato cuttings can be mixed with rice straw 1:0.3-
0.5 to produce silage which can be used for milk cows. 

Drysweetootato chips can be used for formulated feed. 
Sonic examples shown below are from a Jiangsu Aca
demic Agricultural Sciences report. 

I. 	 The 35-0a) kg Fattening pig formulated feed: Dry 
sweetpotato chips 10.5%, dry sweetpotato stem 
meal 5%, corn 26%, wheat bran 20%, rice bran cake 
17%, rape cake I(0'7, cotton sccd cake 8%, silk 
worm pupa 2%, limestone powdcr 1%, and salt 
0.5%. 

2. Middle chicken formulated feed: Dry sweetpotato
chips 25%, stem meal 1%, corn 32%, wheat bran 
7.5%, rice bran cake 16%, brn 4', rape cake b%, 
blood meal I ca,silk worm pupa 2%, bone meal 
1.6%, salt 0.4%, and additives .5,. 

3. 	 Layer lien formulated feed: Sweetpotato chips 8c;i,, 
stem nval 3', corn 4K, pea meal 31 , blood meal 
2%, fish meal 4'7, peanut cake 15', silk worni 

pupa 3'c, whteat bran 3, rice bran cake 4% , rape 
cake 5%, calcium by phosphate 2%", egg shell pow
der 6.5%, additives 0.5,;, and salt 0.5%. 

SweetX)tato nialting, fernentation, and other tastes 
are also used as a feed source. Most of these wastes 
are used by mixing with other feed. Research is also 
going on to produce rnonocellular protein from these 
wastes withagoal toward theiruscas a feed protein source. 

Table 2. Economic benefits from sweetpotato as animal feeTd. 

Iattening 
hog 

(oat 
milk Bccf 

Cow 
milk 

Kg of stem Icaf to 
produce milk or rreat 
Economic benefit in 
RMI3 Yuana 

0.0243 

0.051 

(.2022 

0.091 

0,1)421 

0.0842 

0.1667 

0.107 

Source: Cerealhxitute, Ilo'manAead'myAgriculturaI Sciee, 

aRZM13 = Rcn Min 1i. 

5.2 RM13 yuan = USS 1. 

inter report Oct. 1987. 

Table 3. Nutritional value before an(l after eisilinj (wind dry %). 

Water 
Crude 
protein 

Crude 
fat 

Crudc 
fiber 

Crude 
ash (Ca P 

Non-nitrogen 
extract 

Before 
After 

10.41 
11.21 

11.66 
12.82 

2.13 
4.83 

16.73 
11.58 

9.(X) 
6.()7 

1.25 
1.08 

0.23 
0.32 

47.69 
51.11) 

Source: Xuzhou Agricultural Imtiute, Yang Zhu (2):8.9. 1990. 
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Until now very little processing waste has been 
utilized. Much of it has become an environmental pol-
lutant. A representative example from Bangfu shows 
that every year one alcohol factory using swectpotato as 
raw material is fined around 200-3(X) thousand yuan for 
disposed waste polluting the environment. 

In summary, something should be said about the 
benefits ofprocessingsweetpotato. For example, 1.000 
t of dry sweetpotato chips costs about 300,000 yuan 
(RMB=Renminbi). If exported, it will give foreign ex
change US$ 125,000 equal to RMI 650,000 yuan. It can 
produce 500 t of wine worth 1.5 million yuan. This can 
produce 500 tofstarch (crude) worth 540,000 yuan. 500 
t of starch will produce 378 t of glucose worth 618,786 
yuan. 378 t of glucose will produce 162 t of sodium 
glutamate worth 2,423,076 yuan. 1,000 t of dry sweet
potato chips if processed into lactic acid will yield 500 
t, worth 2,0 million yuan. If made into citric acid, 295 t 
will generate US$ 354,000 if exported, equal to 1,840,800 
yuan. 

Government Policies and their Effect 
on the Development of Sweetpotato 

As mentioned above, though there has been a notable 
increase in total production, the cultivated area for 
sweetpotato hai been declining. One of the reasons for 
this trend is that there is no clear lxmlicy for the develop
ment of root crops. Additional reasons for the decline 
in the swectpotatocultivated area include the following: 

" 	The need to raise cereal production, the staple food 
for a population reaching now over one billion. For 
some years cereals have been taking over cultivated 
land from other crops, including sweepotato. 

" 	Sweetpotato is not considered an "essential" crop. 
Therefore, it has no well-defined policy as per its 
production and sale. Because processing is primitive 
the sales value is low, giving little motivation to the 
farmer. Fortunately, sweetpotato isa very adaptable, 
high-yielding cropwith many possible uses. Also the 
farmers who plant sweetpotato can depend on getting 
a harvest, therefore they have never lost interest in 
cultivating the crop. 

" 	With recent policies paying more attention to better 
irrigation and soil improvement, marginal land where 
sweetpotato was being grown became suitable for 
other crops and sweetpotato was replaced. 

Market price has also had its effect. Because of its 
use in the brewing industry, the market price of 
sweetpetato has steadily increased. With better cul
tivation methods, corn has become a very high-yield
ing crop. Since corn is a reliable crop, its cultivation 
has expanded. Also, corn prices have been very 
competitive in comparison to sweetpotato. Corn is 
also an important starch source and is easy to store 
and transport. Therefore, corn is replacing sweet
potato as a source of starch and feed. 

* 	 Policies have given very little attention to sweetpotato 
processing. Sweetpotato is a crop which should be 
processed on site. It needs simple processing equip
ment which is not available at present. This has also 
restricted swee p tato production. 

Relative Importance 
of Different Processing Units 

The home unit utilize. the sweetpo!ato plant directly. 
Simple processing includes sun drying of stems and 
leaves, dipping fresh roots in an agrochemical solution 
before storage, and slicing fresh roots for sun-drying, 
and cnsiling. The home unit is also usually the direct 
consumer of industrial processing wastes (pulp, etc.) of 
sweetpotato for hog breeding. These can be collected 
from large and small factories almost free of charge. 

The specialized household unit and collective rural 
enterprises are the main processors of starch and noodle 
products, using manual or semi-mechanized methods. 
Rural enterprises also produce preserves, wine, and 
malt, using only simple equipment. Specialized hog 
raising household -units process silage and other mixed 
feed for their own use. 

Products that require intensive processing such as 
monosodium glutamate, alcohol, fructose, citric acid, 
starch derivatives, or enzyme products are mainly pro
duced by industrial enterprises. 

Areas Requiting more Support 

To further develop production and processing of sweet
potato, more support on the following aspects is required. 

Stem and leaf of sweetpotato is an important feed 
source and much utilized. But, under usual condi
tions, it is used only in the growing season. To make 
it an all-year supply, transportable and easy to store, 
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methods to process it into meal are needed. The 
methods should be simple and energy efficient. 

" 	Fresh roots are difficult to transport over long distan-
ces and storage and management is inconvenient. To 
solve this problem, it is essential to develop primay 
processing methods and equipment that are econom
ical and easy to master and handle, for use in home, 
specialized household units, and rural enterprises. 

nThoughlittle of the sweetpotato plant is wasted in 
China, utilization is usually primitive. For instance 
as a hog feed, it is fed directly. Being nutritionally 
unbalanced, the feed conversion ratio is low. As for 
pulp and other processing wastes, o "tsi.bel por-
tion is utilized, most is used as fertilizer on bet omes 
a pollutant. More research should bedone on fecd 
formulations to more efficiently utilize the sweet-
potato plant and its by-pT ducts. 

* 	Research work on breeding should pay more attcn-
tion to different uses of sweetpotato varieties. We 
have found much literature in China on the corn-

prehensiveutilizationofsweetpotato. But it is mostly 
theoretical, very little reflects concrete research or 
practical results and conflicting data are often shown. 
This shows that, as a whole, sweetpotato has not been 
given the priority itshould have. 

Conclusion 

InChina, great strides have been made in the cultivation 
and processing of sweetpotato. Its economic value has 
multiplied and the farmer has profited. But the mad 
toward comprehensive uti!iL tion has only just begun. 
More efficient exploitation ofa 100 million t fresh root 
crop and its processing by-products and ofan 80 million 
t harvest of stem and lcaf should have great socio
economic benefits. To reach this goal, we need a more 
coordinated plan for research. Also a more favorable 
policy should be developed to channel funds into re

search and devclopnent of suitable processing ma
chinery. Finally, more emphasis should be put into 
extension of technology and education at the grassioots 
level. 
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Cassava Processing and Utilization in Thailand 

U. Cenpukdee, C. Thiraporn,andS. Sinthuprama1 

Abstract 

Cassava is a major crop in Thailand. Area planted in 19-9) was over 1.5 million ha, mainly in the 
northeast. Production was about 20 million t of fresh roots, valued at nearly US$ 950 million. 

Cassava in Thailand is utilized mainly for the production of cassava starch, cassava chips and pellets, ts 
well as modifico starch. Most factories in the cassava industry arc modernized enabling the production 
of the super high-grade starch required for overseas and internal markets. The cassava chip and pellet 
industry relics mostly on the extcrnal markcl, particularly the European Community (tiC) market which 
purchases about 5.25 million t of pellets. All 381 pellet factories produce high quality, hard pellets which 
arc required in the world market because of their low dust pollution. 

Modified starch is produced by three principle methods: degradation, pregelatinization, and derivation. 
The industry produces many industrial products such as paper, textile, glue, plywood, alcohol, and food 
products such as sausage, br ad, ice cream, monosodium glutamate (MSG), glucose, and fructose. 

Thai government policy is to increase the cassava production without an increase in th. planted area by 
providing high-yielding cassava cultivars and maintaining soil fertility. 

Key words: industry, postharvcst technology, products, government policies. 

cals derived from oil. Cassava tops can be processedIntroduction 
into high protein leaf meal, while cassava roots are 

is one othe most processed into pellets, starch, and derivatives from starch,
Cssava (Maniho esculna) inof hmtimpor- such a, glucose syrup, monohydrate, Vitamin C, ethyl
 
tant energy-producing crops in the tropr.cs (Kawano alcohol, acetone, butanol, citric acid, and high fructose
 
1980). It is used as a staple food in the diet of ap
proximately 300 million people, and 38%, 36%, and syrup (McCann 1976).
 
26% ofthe total world production is produced in Africa,
 
A.sia, and America, respectively (Lcihncr 1983).
 The Thai Cassava Industry 

Cissava is an cconomically important and easily 
grown crop. It prefers a sandy loam soil and adapts to a C ssava was introduced to Thailand during the 18th 
wide range of environments. The crop can be grown century and was first grown in the southern part of the 
between 30*N and 30'S, but the cultivated area is mostly country. However, its production increased dramatical
between 15'N and 15*S (Cock and Rosas 1975). ly only when people s:artcd to plant cassava in the 

etstern provinces, where weather conditions are more 
It is an ideal crop for use in various agro-industrial suitable than in the South which has too much rainfall. 

systems because cassava starch can replace petrochemi- After cassava had been grown for 40 years in the East 

Researcher, University of Queensland, Australia; Director, Rayong Field Crop Research Center; Cassava Specialist, Field Crop 
Institute, Department of Agriculture, Bangkok, liailand. 
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and soil fertility had decreased, production gradually 
shifted to northeast Thailand. This area now contains 
the largest cassava plantations (Sinthuprama 1983). 

In 1973, total cassava growing area was only 0.4 
million ha and total productioo was about 6.3 million t 
(Titapiwatanakun 1974). Planted area has increased gradu-
ally to about 1.5 million l in 19)0, with a total production 
of 20 million t of' fresh roots (Table I). Yields have 
remained constant at about 14-15 t/ha. 

The rapid increase in area planted and production 
of cassava in Thailand is mainly due to high overseas 
demand. However, area planted declined in the Central 
Plain and the East when the Eastern Se, board Projects 
started to occupy a lot of land. This reduction in area 
planted is also due to the reduced availability ofagricul-
tural labor, caused by the high labor requirenients of 
many industries which provide a more stable income 
than agriculture. Thus, cassava production has gradual-
ly shifted to the Northeast, which now has a production 
zone of about 1million ha, followed by the Central Plain 
and the North (Table 2). At present, most cassava pro-
duction comes from the Northeast, being twice that 
from the Central Plain, which includes the eastern prov-
inces. However, yields arc ..imilar for all regions, 

Now that area planted in cassava is about 1.5 mil
lion ha, modem industries have been established for 
various cassava products, including starch factories, 
and chipping and pelletizing factories. With a good
transportation system, tie products arc successfully trans
ported to the Central Plain where the exporting corn
panies are located. As a result, cassava production has 
increased dramatically. 

In the past, the value of cassava products ranked 
about ninth or tenth compared it)olher imnpotiant field 
crops. By 1990, cassava had become the fifth most 
important crop with a total value of USS 513.4 million. 
Its value was similar to sugarcane and corn, but was less 
than that of rul'ber ('fable 3). Total export value of 
cassava products (about US$ 959 million in 1990) be
came second, a little higher than sugarcane products, but 
le.ss than rubber products. 

Interestingly, nhiland is no,' the world's largest 
cassava pro'ducing country with more than 23.46 mil
lion t in 1989, more than both Brazil with 23.24 million 
t and Indonesia with 16.58 million t (Table 4). Thai 
cassava production increased rapidly over the past ten 
years with production at 15 million t in 1981, less than 
the production in Brazil which was over 24 million t. 

Table 1. Cassava planted area, harested area, production, and yield in Thailand, 1986-90. 

Plantcd arca Ilarvcstcd arca Productiorn Average yield 
Crop year (million ha) (ITillion ha) (million ha.) (1/ha) 

1986 1.24) 1.20t4 15 12.6" 
1987 1.411 1.371 1 4 14.26 
1988 1.581 1.547 2. 07 14.42 
1989 1.622 1.593 24.264 15.23 
1990 1.529 1.487 20.701 13.92 

Source: Office of AgriculuralEcom.ics,Thailand. 

Table 2. Cassava planted area, production and yield by region in Thailand, 1990. 

Planted arca Ilarvcstcd area Production Avg.yicld 
Region (haI) (ha) (million t) (/ha) 

Northeast 951,473 915,138 12 .408 13.55 
North 115,341 113,939 1.66 14.63 
Central plain 463,035 458,463 6.626 14.45 
South ........ 

l'otal 1,529,849) 1,487,540 20.7)1 14.21 

Source: Office ofAgriculturalEconomics. Tlhaihiu. 
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Table 3. Crop value o"principal agricultural Lroducts and total export products, 1988-90. 

Crop value Total ex[rt products 
(USS million)" (USS million)" 

Products 1988 1989 1990 1988 1989 1990 

Rice 2718.8 3427.6 2833.6 26.2 32.7 37.0 
Rubber 618.5 750.1 643.1 933.1 1272.9 1278.1 
Sugar cane 356- 48 .0 515.5 373.9 414.-5 808.2 
Corn 27' .8 489.9 514.8 ...... 
Cassava 4.4.3 543.5 513.4 826.4 873.8 958.9 

SoUrCe: Office of igrichiltural lcoionics. 

"llaht 25 1.l
 

Table 4. Major cassava proKlucing countrics, 1979-81 ver-sus 1988-89.
 

Country 1979-81 

World total 123,504 

'llailand 15,128 
Brazil 24,315 
Indonesia 13,592 
Nigeria 10,833 
Zaire 12,942 

Source: FAO lProduction Yearbook Vol. 43, 1989. 

The Target of Thai 

Export Cassava Products
 

In 1991, the Thai government, the Thai Tapioca Trade 

Association, and the Thai Tapioca Flour Industries Trade 
Association set an export target for Thai cassava in the 
form of chips and pellets ofabout 7.752 million t (5.25 
million I will sell inside European Community anC. 2.5 
million I will sell outside the IC)or about USS 752 
million, and 800,0(X) t of cassava starch, or about USS 
196 million. The total production is about 8.3 million t, 
valued at USS 948 million, 

However, the price of cassava prc'iucts inside the 
R: is higher than outside. So the Thai government tries 
to increase or maintain the quota from At thethe I:(:. 

same time, the Thai Tapioca Floor Industries Trade 
Association encourages cassava starch factories to prod-
uce more super high-grade starch, which has a higher 
price and a higher demand in the world market than 
nomial starch. Thai pelletizing factories a!so produce 
only hard pellets, which have a high demand in the E. 

Production (million I) 

1988 1989 

138,237 147,500 

22,307 23.460 
21,588 2-3,247 
15,100 16.581 
14,0(X) 16,500 
16,254 16,300 

Cassava Utilization in Thailand 

The Cassava Starch Industry 

Cassava starch is classified as miscellaneous starches, 
which are unswollen grains with roughly circular and 
concentric rings. Theparticlesizeisabout 15-25 micron 
in diameter. The starch is differcnt from potato starches, 
which are classified as ov'tl starches, those having large 
oval or conchoidal griris (Phillios 1974). Cssava starch 
isimIx)rant since it can substitute for other starches 
made from corn, sorghum, wheat, mungbcan, etc. The 

utilization of cassava starch is divided into two cate
gorics. The first is native starch, which is used in the 
food industry for production of sausage, monosodium 
glutimate (MSG), glucose, bakery products, etc. The 
second is modified starch, which is used in many im
portant industries, such as textile, glue, paper, plywood, 
and the pharmaceutical industry. 

Cassava starch consists of amylase and amylopcc
tin in an approximate ratio of 22:78. This ratio deter
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mines the quality ofstarch, as well as an can be changed kind of starch is a low-grade starch used only in some 
by the application of heat, or by acid or alkaline treatment. food products inside the country. 

Cassava starch factories are located mostly in the 
east and northeast of Thailand where most cassava is 
planted. Factories use two simple methods for buying 
cassava roots. The first method is used mainly in the 
East where the buying price depends on the starch 
content, as measured bv the Reihmann scale. Factories 
will pay the full pricv- only at 30% starch content and 
will lower the price according to starch content (lhble 5). 

The root price is reduced gradually if the starch 
content is between 30% and 20%. The reduction in this 
range is 20 baht/t for a 1%decrease in starch content. If 
the starch content isbelow 18%, the starch price will be 
decreased by 30-40 baht/t for each 1%decrease in starch 
content. 

The second method is used in the Northeast by a 
few factories. They will deduct 10% of ca, sava root 
weight from farmers if sonic soil or some planting 
pieces are mixed with the roots. In this way, farmers can 
get only 90% of the full price. 

There are two kinds of starch factories in Thailand: 
those using traditional methods and those using modern 
methods of production. The traditional ones are now 
rarely found and are only in the sago industry. The 
system uses a simple method and a small number of 
laborers. The procedure consists of grinding roots into 
mash and then separating the starch solution from the 
fiber by passing through a fine sieve. The starch is 
allowed to settle and is then sun-dried on a concrete 
floor. When dry, tie starch is ground to a powder. This 

Factories using the modern system have many sophis
ticated machincs which can save on labor costs. Also, 
the quality ofstarch produced issuper high-gradestarch 
for export and the modified-starch industries. The pro
ccdure starts with peeling cassava root, cleaning, grind
ing by rasper, and extracting. Then the starch solution 
is centrifuged by a separator, thus all chemicals, protein, 
and other components ac eliminated at Ihis stage. The 
starch is dried with hot air before it is packed in special 
bags (Fig. 1). 

There are about 54 big starch factories which have 
capacities ranging from about 70 to 500 t of cassava 
starch per day. That isto say that the needed raw material 
of cassava roots amounts to 3(X)-200(0 t per day for 
particular factories. The biggest starch factory, "Sa
ngun-wong," is in Nakornrajasrima Province in north
cast Thailand and it can produce approximately 500 tof 
starch per day. The important markets for Thai cassava 
starch arc Japan 30.45%, Taiwan 22.83%, the former 
USSR 18.41%, USA 8.87%, Indoncsia 4.25%, Singapore 
5.31%, and others 9.88% (Thai Tapioca Flour Industries 

Trade Association 1987) 

For export, the Department of Internal Trade looks 
after the quality control of starch by setting the follow
ing standards: (1) the moisture content should be lower 
than 12.5-13%; (2) starch or starch granules should be 
over 97.5% (dry basis); (3)the viscosity isabout 4(X) l.U.; 
(4) the color is pure white; and (5) the plI should be 5-6. 

The price ofstarch at the factories ranges from 5-5.5 
baht/kg, depending on the quality of starch. The special 

Table 5. A method or buying cassava roots by % starch, using the Reihmann scale. 

Starch content (%) 

30 
28 
26 

24 
22 
20 
18 
16 

Sourc. Departmentof Iternal Trade 1988. 

aiprice varies by the .wmn. 

Fresh root pricea 

(baht/t) 

8M) 
760 
720 

680 
640 
(0 
540 
480 

Dcduction (baht/t) 
per 1%lower starch 

20 
20 
2(.t 

20 
20 
20 
30 
40 
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Figure 1. Flow chart of starch processing (first 
grade). 

Fresh cassava roots 

Sand removal drum 
(peeling by sand) 

Root washer 


Cuttei & rasper 


Extractor 


(course and fine) 


Separator 


Fine extractor 


Separator 


Centrifuge 


Cyclone dryer
 

Sifter 

I 


Packer 


Starch 


Source: Setamanit elal., 1982, 

grade is 5.5 baht/kg and normal grade is 5 baht/kg 
(personal communication with an owner). 

Modified Starch Industries 

Since Thailand produces surplus cassava starch each 
year, the Thai government and private sector try to 
utilize the starch efficiently. At present, there are many 
new modificd-starch industricrs; their modifying methods 
can be classified into degradation, pregelatinization, 
and derivation (Fig. 2). 

The degradation technique aims at reducing the 
viscosity of starch by three successive methods. The 
dextrinization isa method to roast starch with hot tempera
ture and at the same time spray some acid to reduce the 
starch viscosity. The products from this method are 
white dextrin, yellow dextrin and British gum. 

The oxidation method starts from mixing starch 
with chloride. These are then allowed to react together 
under low pH conditions. The reduction in viscosity 
depends on the amount of chloride used. 

The third method is "acid treated." This method 
uses hydrochloric acid or sulfuric acid to reduce the 
viscosity. 

Prcgelatinizution isa method that usts a concentrated 
starch solution which is quickly dried on hot plates. The 
dried starch is ground and mixed with water until it 
becomes a kind of glue. 

Derivatives are products obtained by modifying 
starch molecules by chemicals so as to produce ace_:ated 
starch, cross-linked starch, hydroxyl propyleted starch, 
etc. 

Industrial and Food 
Industry Use of Cassava Starch 
The utilization of cassava starch can also be classified 
into industrial use and food industry use. For industrial 
use, cassava starch is used in many important industries 
such as paper, textiles, glue, plywood, and alcohol. A 
wide range of food industries use cassava starch accord
ing to the special characteristics of the starch. They 
produce soups, candies, pudding, sausage, brcAi, ice 
cream, many kinds of noodles, medicine, MS(i, glucose, 
fructose, soft drinks, canned foods, etc. The following 
examples elaborate on some of these uses. 
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Figure 2. Processes used in the modified-starch industries. 

Oxidized 

starch 

Native starch Pregelatinization 

a Prg/t a I 

Derivation 

Source: Thai Tapioca FlourIndustries TradeAssociation. 

Descriptionof Ethanol Processing 
Pretreatment 

Fresh cassava roots are peeled, washed, sliced, and 
grated into a mash (Atthasampunna 1990). The ground 
cassava is then converted into fermentable sugars by
liquefaction and saccharification with the application of 
commercial amylolytic enzymes (&-amylase and gluco
amylase) and heat. The liquefaction is carried out at 
80'C for 60 min and saccliarification at 55"C for 2 hrs. 
(Fig. 3). 

Fermentation 

Yeast (Saccharomyces cerevisiae) is first cultured in a 
medit-5, and then transferred into an active medium 

]-- ie
dextrin 

Roast extrinf 47elUow dextrin 

,-t British gum 
Oxdzestrh 

. Acid treated 

Pregelatinized 

starch 

-43 tach ester 

Starch ether 

Cross-linked starchl 

before transferring to a seed tank containing a sterile 

medium and leaving it for 24 firs, after which it is ready
for inoculation of the main mash in the fermenter. The
fermentation is carried out in a series of fermentation 
tanks which are maintained at a temperature of 30-32'C 
for 48-72 hrs. The fermented mash is filtered to remove 
solid residues, and then distilled. 

Distillation 

The mash containing about 8% ethanol is preheated in 
a heat exchanger and fed into the mash-concentration 
column. This combined column is operated under con
trolled pressure of 1.4 kg/cm . The vapor from the
column top is used as the heatsource for the dehydration 
column. The dehydration column is operated under 
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Figure 3. Flow chart of cassava ethanol production. 
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Source: Atthasampunna et al. 1990. 
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atmospheric pressure on the ternary azeotropic system 
with benzene used as the extrainer. Ethanol of at least 
99.5% (VN) concentralion is obtained from the bottom 
of the column. 

Glucose Industries 

The glucose industry is an important industry, which 
uses cassavastarchata level of80%ofall raw materials, 
The cassava starch used in this industry has to be of 
super high-grade. The demand for this kind of starch is 
about 10,000-15,000 t/yr. 

There are three forms of sugar that can modified 
from cassava starch: glucose syrup, dried glucose syrup, 
and anhydrous dextrose. The process used in the glucose 
industry is gelatinization, started from an amylase addi-
tion to cassava starch, cooling, ainyloglucosidase addi-
tion, filtration, decoloring, evapoialion, purification, 
and crystallization (Fig. 4). 

Cassava Chip/Pellet Industry 

Cassava Chips 

Cassava chips are produced simply by slicing fresh 
cassava roots into small pieces tusing a chipping machine, 
The fresh chips dry on a largc concrete floor in about 
,2-3 days, depending on the solar radiation, until the 
moisture content is reduced to 14%. Most of the cassava 
chips are marketed directly to pelletizing factories. 

Thailand has the capacity to produce over 15 mil-
lion t of cassava chips per year, which is not fully 
utilized. The country can easily incrcasc production if 
the demand from overseas markets incre ses, 

The standard specifications of cassava chips for 
export are as f)llows: starch 65% minimum, raw fiber 
5% maximum, sand 3% maximum, and moisture 14% 
maximum (Atthasampunna ct al. 1990). 

Cassava Pellets 

Cassava pellets are produced from dried cassava chips 
by using a pelletizing machine. The small dried chips 
are preheated with steam, then pressed through a die 
having several hundred 7-8 mm diameter holes. At this 
stage the pellets are quite soft and warm, so they are 
cooled by the application of cool air to harden the pellets. 

The traditional pellets, called "native pellets" are no 
longer produced, because of the dust pollution on han-
dling these pellets at the port of destination. Dust-free 

hard pellets are now produced with better pelletizing 
machines. 

Thailand is the world's largest producer of cassava 
pellets. Approximately II million t of pellets per year 
are produced by 381 pelletizing factories throughout theeast and northeast part of the country. 

The standard specification for hard pellets, set by 
the office of Commodity Standards in the Ministry of 
Commerce are is follows: starch 65% minimum, raw 
fiber 5% maximum, sand 3% maximum, moisture 14% 
maximum, hardness 12 kg/square inch force minimum 

by Kahi hardness tester, meal 8% maximum (I mm 
sieve), and foreign matter nil. 

The Netherlands is the largest buyer of hard peIleis 
ThnTh land l t in o llowst lions 

from Thailand at about 4.5 million tin 1987, followed 
by Spain, Germany, Portugal, BYegium, and Italy (The 
Thai Tapioca Trade Association Year Bok 1987). 

The demand for cassava pellets his rapidly in
creased in the Netherlands and this has become the most 
important European market for cassava, .due to a high 
animal: land ratio; an cfficicnt water transportation sys
tem, which enables imported feeds to be transported to 
many parts of Europe; a large compound feed industry 
which has developed utilizing computer formlation in 
feed rations; and an overall increase in 'and for 
compound feeds in Europe (Phillips 1974). 

The Netherlands, the greatest producer ofpig feeds 
in Europe, prefers cassava pellets from Thailand, be
cause in Thailand the chips are pressed into hard pellets 
after drying. As a result, the weight per volume unit 
increases, reducing transportation costs, while the hard 
pellets cause less dust pollution during unloading at the 

port of destination. 

Thai Government Policies 

on the Development 
of Cassava Production 

The Field Crops Institute, Department of Agriculture, 
Ministry of Agriculture and Cooperatives, is a Thai 
government institute which is directly involved in the 
i£',search and development of cassava production. Its 
objective is to increase cassava production in terms of 
higher starch content and high dry matter yield per unit 
area. Research programs into cassava breeding and 
cultural practices were et up many years ago. 
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Figure 4. Processing of glucose. 
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Research on Cassava Utilization Ka,,ano. K.1'980. Cassava. Crop Science 20:295-233. 

Research on cassava utilizatioi has been conducted on Icilinr. I) 1 I'),3 Management and evaluation of 
many topics useful to theThai cassava industry by many ikt1, ;' ,stCrs!11111 with cassava. Centro In
institutes in Thailand (Attlltsampunna 1990). Research 
topics involve production of animal feed, human food, l 
industrial products, waste utilization, and recovery, etc. 
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Sweetpotato Production and Utilization 
in Thailand 

SaipinManeepun andSumalee Soontornnarurungsi1 

Abstract 

Sweetpotatoes have been grown in Thailand for a long time. However, they are neither a food staple nor 
a cash crop, but a secondary vegetable. This paper reviews recent production, marketing, and utilization 
trends for sweetpotato. It also highlights the factors that influenced the decline in production (e.g., 
sweetpotato weevil) and processing (seasonal supplies, unstable prices). Sweetpotatoes are currently 
utilized to make a variety of processed products. Research is needed to improve varieties, postharvest 
handling, and exland the market for alternatives products. 

Key words: sweetpotato, cultural practices, processing. 

Introduction 

Swcelpotatoes have been grown in Thailand for a long 
time. They can be grown in almost every part of the 
country and year round. Consumption of sweetpotato 
has increased both for human food products and by
products for animal feed. Various parts ofthe plant, leaf, 
vine, and young top stcms, are used for animal feed. A 
substantial quantity of swcctpotato is being processed 
for food products. The estimatcd amount ofswectpotato 
flour used in industry isabout 2,150 tannually. Present-
ly, sweetpotato flour is used for making n(x)dles for 
Korean and Japanese markets (Thongjiem 1989). This 
industry could be scaled up ifthe quality ofswcelpotato 
regularly being supplied was consistent. 

Growers have Faced several problems during pro-
duction, such as planting techniques, inadequate know-
ledgeabout cr)p behavior, diseaises, insects, and selecting 
varieties. Swectpotato weevil is the insect which causes 
the most severe damage during the growing period. This 
damage results in low yield and poor quality for in-
dustrial use. The development of production techniques, 
selection of suitable varieti-, !orboth the wet and dry 

seasons, and development of disease resistance need to 

be emphasized with growers. Prospects for expansion 
of processed sweetpotatoes at the industrial level are 
good. In the future, sweetpotatoes could become a cash 
crop for growers. 

Production 

Production of sweetpotatoes in Thailand has fluctuated. 
Since it is neither a staple food nor a major cash crop, 
the government has no policy to promote its production. 
The use of sweetpotato in industry should accelerate 
production interest on the part ofgrowers. Various arcas 
of the country could grow swectpotatoes because the 
crop tolerates hot climatcs and is drought resistant. It is 
considered to be a popular root crop for the growers 
since it can be uscd as both food and animal feed. 
Research results have been used for promoting yield and 
quality. Factors affecting crop characteristics have been 
investigated from plantation till harvesting. This re
search was undertaken by the Departments of Agricul
lure and Agricultural Extension. 

Director, Institute of ikxxl Research and Product Dcvelopmcn, Kasctsart University; lome Economist, Department of Agricultural 
Extension, Ministry of Agriculture and Cooperative, Bangkok, Thailand. 
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Availability Concerned 
with Sweetpotato Production 

Plant materials 

The general characteristics of plants available for prop
agation have been introduced to the growers for selec-
tion. Young plants as sprouts, cut-sprouts, slips or draws, 
and vine cuttings are commonly used to establish com-
mercial and garden planting among the growers (Ed-
mond and Ammerman 1971). Seedlings arc used mainly 
by breeders. 

Different varieties have been selectcd and are grown 
in different regions. The variety Mac-jo shows a high 
yield in the Northern Region but a low yield in the 
Central Region. In the Central Region, the variety Nigro 
produces high yields in the cool season, but low yields 
during the rainy season. Therefore, cultivated area and 
season have an influence on sweetpotato yields. Growers 
tend to select a variety which produces high yields in 
both the rainy and cool seasons. 

The re sons for selecting sweet potatoes can be 
classified into three types: 

lharvesting periods: From planting to harvesting can 
be identified as 90 days for a light variety. 120 days for 
a medium variety, and 150 days foi a heavy variety, 

Flesh color: For different uses the flesh color may vary 
from white, yellow, and orange to purple. 

Use: Variety selection has been done by the Horti
culture Center in Phichit, Department of Agriculture. 
The main uses being introduced arc industrial, fresh 
consumption, and feed. 

Cultivation Management 

As mentioned, sweet potatoes can be grown in various 
parts of the country year round. Common practices are 
growing between June and September in the rainy season, 
October and January in the cool season, and February 
and May in the hot season. If irrigation is available, the 
crop can be grown 3-4 times/year. Sweetpotatoes can 
be grown in all types of soil but sandy soil is the best 
for preparation, harvesting, and production of large 
roots. Clay soil needs to be treated with manure to obtain 
a sufficiently loose soil texture. 

Cultivated arcas should be close to awater reservoir 
and have reasonably available transportation. Soil prep
aration, vine cuttings 30 cm long, and using proven 
spacing and planting techniques are advised. Crop main-

tenance includes replacing some of the wilted vines, 
watering, fertilizing, weeding, and trimming vines 1-2
months after planting. 

Harvesting and Handling 

The harvesting period depends on the variety and ranges 
from 90-150 days aftcr planting. Manual digging is 
normally practiced for a small plantation. Tractors or 
animals pulling plows between planted iows is done to 
speed up harvesting. This harvesting method, however, 
may cause damage by bruising roots. Also, hand dig
ging of left roots is needed. Harvesting swectpotatocs 
must be handled carefully to prevent bruises which 
cause spoilage. Roots should be kept in the shade and 
be w(.:l ventilated. Rotten parts and insect damage must 
be trimmed and the swcclx)tatocs washed before packing 
(forthc retail market)in plastic bags with ventilation holes. 

Prolonging the shelf-life o fswectl)tatocs after har
vest (e.g., to prevent rotting) can be achieved by (Poon
paim, Narin, and Chumnan Tongkat 1989): harvesting 

only mature roots (immature roots may cause rotting); 
digging or plowing roots and transporting with care to 
prevent bruising; soil may stick on roots during liar
vesting and roots should not be washied (they should be 
left to dry without washing before storage); storing in a 
ventilated area with air temperatures of 10-15'C; and, 
keeping roots on a shelf. Do not stack in large piles or step 
on roots. Inaddition, dehydrated roots are an arvernative 
way to store; and dried pieces can be ground into flour. 

Factors Affecting Reduced Production 

Factors that may have influenced a reduction of sweet
potato production in Thailand can be summarized is 
follows: 

9 	The majority of the growers grow sweetpotato as a 
minor crop. Therefore, a good pric. for the main 
crops may affect the sweetpotato planting area. 

* 	 The severe problem of sweetpotato weevil causes 
growers to reduce sweetpotato planting. 

* 	 Since the price of sweepotato is uncertain, it causes 
the growers to reduce their planting area, or to diver
sify to other crops to obtain a better price. 

e 	 There are many competitive crops such as fruits and 
vegcables which give more income than sweetpotato. 
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Production Statistics 

Statistics for swectpotato production in Thailand during 
1988-90 according to the report of the Department of 
Agricultural Extension (DOAE) are shown in Table 1. 
Area planted in swcetpotato ranged from 7,200-9,300 
ha, annual production was between 75,000-112,700 1 
and the average yield was 6-12 t/ha. Production area ca,Ihe dveagedsi ouct ountry. Thdield s61thoug 
be divided into six regions throughout the country. The 
western pal seems to comprise the largest area with up 
to 3,100 ha, and th2 second largest is in the South with 
about 2,000 ha. 

Utilization 

Swcetpotato has been consumedas food fbra long time 
in Thailand. Previously, farmers grew sweetpotato for 
their families' consumption and to earn some extra 
income. Commercial plantations are very few. Since 
1987, the Government of Thailand has had a National 

policy to promote commercial prod'ction through ac-
tivities led by the Department of Agriculture and the 

Department of Agricultural Extension. In thi; regard, 
industrial use needs extensive research to develop an 
appropriate technology for processing a product. Pre-
sently, the processed swcetpotato products available are 
from simple processing, therefore the quantity is still 
small; however, the potential to expand consumption 
!hould be promoted. Most products arc known and well 
accepted among consumers, but consumption is largely 

to dessert or snackfood products. 

Table 1. Sweetpotato production in 'lhaihiid, 1988-90. 

Area planted (ha) 

Home and Cottage
industry Processing 

Morethan 85%ofsweetpotato rootsare used forlhuman 
food. They are considered to be a good source of car
bohydrates with a high nutrient content compared with 
otherstarchy food products, e.g., rice, corn, and taro. A 
comptrison of the nutrient content of swcctpotato, potato,
rice, soybean, and mungbean is shown in Table 2.
Swcctpotato can be a good source of Vitamin A. When 
prepared at home, the whole sweetpotato is consumed 
by boiling, steaming, and baking. Various dessert pro
ducts are prepared by cutting roots into pieces and 

boiling in coconut milk or syrup and shredding into 
pieces and deep fried. Boiled and mashed roots are used 
as, a filler food and often to replace potato. 

The whole root is used in general food preparation 
at the home level. Therefore, dishes prepared from 
sweetpotato contain all available nutrients in the roots. 
Since this is so, the Department of Agriculture has a 
breeding program to improve the texture to one which 
is fine and . Those varieties in this program are
Narin 03, Raii.,"t 7, rIs 091, and Nigro. In addition, 
youn laeRad stems arecommon asdvig
etabls in the Northeayt. 

Recently, a study was carried out by the Department 
of Agricultural Extension to determine Thai food habits 
regarding sweetpotatoes. This was done in the Central 
Region and the South (Ayuttaya and Nakorn-Sritum
marat) where most sweetpotatoes are grown. Results 
show thai vctpotato isquitc apopulardish. Males and 
females of all ages who live in both city and suburbs 
consume sweetpotatoes. There are three types of pro
ducts available: dessert, snackfcods, and nain meal 

Yield
 

Production (t) (t/ha)
 

Region 1988 1989 1990 1988 1989 I9() 1988 1989 1VX) 

Northern 589 6(N) 830 4,905 7,919 5,2(,() 8.33 12.() 6.38 
Northeastern 1,310 1,236 1,547 12,184 l10,045 9,411 9.3t0 8.13 6.08 
Central plain 1,470 1,160 545 10,452 11 ,()0 2,978 7.11 10.X) 5.46 

astern 1,127 1,098 555 9.974 1I,)84 3,642 8.85 10.(X) 6.56 
Western 1,613 3,155 3,530 27,306 60,446 22,818 16.93 19.16 6.44 
Southern I2 1,9)9.4 873 10,584 11,747 5,004 9.45 6.0 5.73 

"ITota! 7,229 (303 7,889 75,405 112,741 49,125 10.43 12.12 6.2.3 

Source: DepartmentofAgricultural Ivxten. iou. 
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Table 2. Comparison of nutrient contents ol'sweetlx)tato, iptato, rice, soylaii, and IiiuiglIiii. 

Nutrients 

Moisture (gin) 

Fiber (gin) 
Calorie 
Protein (gin) 
Iron (nig) 
Calcium (mg) 

Vit. A I.J. 
Vii. B1 (mg) 
Vit ii (mg) 
Niacin (ing) 
Vit. C (Mag) 

Source: Asian Vegelabh 

Swecepotao Potato Rice Soybcan Munghean 

70.11 07.0 13.1) 8.1) 1 .0 

0.3 0.1 0.5 18.0) 1.1 
113.0) 75.0 354.) 325.1) 320.0 

2.3 2.3 6.5 36.8 22.) 
.) 0.7 (0.6 7.4 4.9 

46.1) 7.0 15.10 216.1) 86.0 

7.1 1 0 20.0 70.0 
0.1 0. 1 0. 1 0.4 0.5 
0.1 0. (1. 0 0.30.3 
0.9 1.) 1.4 3.2 3.1 

20.9 7.1) 0 1 0 

Rt'scrch and Icvelopment (cncr (A 'RI)('). 

dishes. The most popular product is dessert which is 
prepared by using sugar as the main ingredient. Con-
sumers are familiar with many suitable varieties for 
prepaxring these dishes. 

Food shops in these areas have provided a sweet-
potato menu to complement other food products. Thc 
village processing level is normally a supplier for vcn-
dor food shops. The most popular swcetpotato products 
from village proccs-sing can be ranked in importance 
from snackfood to Ocsscrt and main meal dishcs. The 
process used is quite simple, but the products have a 
shorl shelf-liic. It was found that the proccssois could 
cam an income within the r..iigc olB 2,0tX)-8,000/ycar/ 
product (Blhat 25.50 = USS I). 

The Depa.tmcnt of Agricultural Extension !):Ls 
studied suitable varieties of sweclpotatocs and product 

quality which involved low-cost technologies. The pur-
pose was to promote those technologies which could be 
applied at the village-levcl, especially for the grower 
families, to increase income; through proccssing swcct-
potato products. New processed food products being 

in-troduced are crisp sweelpotato chi p, ricc-sweet [xtato 
chip, and swcelpotato sauce. 

Industrial Processing 

Swetpotatoes can be processed into various food pro-
ducts at the industrial level. Bccausc processed fod 
products are widely consumed at the home processing 
level and commonly available in the marketplace, in-
dustrial processing seems to grow quite slowly. At 
present, the social structure is gradually changing wilh 

a large proportion of the population spending more time 
travelling to work. Processed Iood products are in high 
demand and good keeping quality is required. Current
ly, industrial processing of sweelpotato is still on asmall 
scale. Swcetpotalo starch has been processed by tapioca
factorics for use as an ingredient in snackfood process
ing. However, theannualdcnmand forswectpotatostarch 
has never been estimated. Promoting utilization ofsweet
potato at the industrial level needs further research to 
meet market requirements. The Department of Agricul
ture has a breeding program to produce a swcctipotato 
for industrial use. Swecepotatoes known to have high 
starch content are two varieties,'Is 8250 and AIS057-4. 
Potential processed food products could be classificd 
into three types: 

These products have a swcetpotato appearance such as 
p pp~cantned slices or puree, chips, and flakes. Canned slices or puree have not been manufactured for the local 

omrket. Chips and flakes are processed only at the 
home-level. 

Flour and Starch 

These products are processed using sweelpotato as an 
ingredient. Flour and starch are extracted and used in a 
mixture known as composite flour. This is used for 
noodles, cookies, cakes, jam, sweets and desserts, and 
extruded products (as snacklood). Starch may be further 
processed to improve the texture of food products. Few 
food f'actorics have experimented in using swctpotato 
flour and starch in their fiod products. Extensive re
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search to seek an appropriate processing technology 
needs to be identified for both the availability of raw 
material (sweetpotato) and finished products that meet 
consumer preferences. 

Various products (which cannot be identified is 
sweetpotatoes) are processed by the hydrolysis methods, 
such as glucose, alcohol, citii¢: acid beverages, and ice 
cream. Those products are actually processed by using 
sweetpotato starch is the source of raw material through 
the hydrolysis process. The starch is tnmsformcd into 
sugar, alcohol, and acid. In this regard, if other starchy 
crops in the country are chcaper than sweetlpotato, sweet-
X)tato starch would not be used. Presently, such products 

are processed mainly from tapioca starch in Thailand 
because sweetpotato costs more than tapioca. Studies 
on processing technology using sweetpotato starch have 

Feed 

About 10% of'sweetpotato is used for fccd processing.
Vines, stems, and unmarketable roots are used for feeding 
hogs, cattle, rabbits, chickens, and fish. The breeding 
program of sweetpotato foraninial feed has emr nasized 
a high nutrient content in two varieties, cI 5'"t-33 and 
I'M 03-2. Experiments on the high nutrient quality of 
sweetpotato need to be developed. Effectively improv-
ing feed quality could assist in promoting swetpotato 
utiliL'ation. 

The utilizaltion of sweetpotato as mentioned needs 
more research and development, especially the applica-
tion of flour and starch in many products and the ad-
vantage of replacing sweetlx)tato for the other starchy 

Figure 1.Growers' market for sweetlMtatoes. 
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crops, e.g., tapioca, potato, and taro, which are used in 
the food industry. 

Marketing 

Most swetpotatoes produced flow through tlc market 
for fresh rost consumption. A small amount is rroc.ssed 
at the small-scale, village level. The market di,,tributian 
of swectlx)tatocs can be classilied is grower.; who sell 
their sweetpotato in the local market, and growers who 
sell their sweetpotato at the farm gate (Fig. 1). 

The growers who sell their produce through the 
local market are very small growers with an average 
0.05-0.06 ha of planted area. The purpose of planting is 
for their own consumption. Any excess will be cleaned 
and packed for the local market and sold directly to 
consumers. This kind of commerce appears in almost 
every province. 

For those who sell at the farm gate, the purpose of 
planting is for commerce. These growers are classified 
as medium to big growers with 0.16 ha to over 1.28 ha 
of planted area. After they get orders from middlemen, 
they will harvest the swcctpotato. They clean, grade, 
and pack them in plastic bags; each bag contains ten kg. 
The middlemen come and collect the crop from the 
growers. The produce will then be transported to the 
central market in the region such is -luaitt market in the 
South, Warin Chumrab markets in the Northeast, or 
Park-Klong Tldad and Simum Muang markcas inBangkok. 
Retailers buy sweetpotatocs from these central markets 
and distribute to local markets all over the country. 

Retail markets in local area 

i aeWholesalek 
Bangkok 

markets 

in tlier regions 

Consumrs 6
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Pricing 

Pricing of swectpotato is similar to other agricultural 
commodities. Middlemen usually give a price for their 
daily purchases. Growers have no power to set a price. 
The relationship between middlemen and growers is 
more complex than when the government intervenes to 
establish a pricesystem. Advanced provision ofagricul
tural materials, including financial support from mid-
dlemen to the growers, has strongly influenced crop 
production. Therefore, unfair prices for agricultural 
commodities have always caused the growers to be
come discouraged about pioduction. If swcctpotato had 
a high industrial demand, raw matefial could come 
directly from the growers. However, first the crops need 
to be promoted for utilization at the industrial level, 
Currently, the average price of swectpotato at the farm 
gate is only B 2-4/kg, again, depending on variety or 
characteristics. The price will be marked up about B 
1-2/kg in the Bangkok market where the price is about 
50% higaier. Sweetpotato prices fluctuate quite a bit 
depending on the season. The in-season (August-Sep
tember) price is low, about B 2-3.50/kg, while the 
off-season price is about B 3.50/kg or more. 

Future Trends to Develop 
Sweetpotato 
Production 

There are still many production problems for sweet-
potato growers, such as low quality standards and low 

yield due to unsuitable varieties being grown. Cultiva
tion technology to be used when encountering diseases 
and insect infestation still requires more research. In-
creasing productivity and quality improvement have been 
emphasized as follows: 

* 	research to identify varieties that can produce a high 
yield inh,,th rainy and dry seasons, have disease and 
insect resistance for good quality roots, and have a 
high starch content 'or industrial use; 

" 	research on appropriate technology in each planta- 
tion area, cultivation management, pre and posthar-
vest including elimination of important diseases and 
insects; and, 

effective technology transfer to growers for planta
tion and cultivation management needs to be inves
tigated and extension done to promote research results 
which are essential to establishing rapid communica
tion between researchers and growers. 

Utilization 

Promotion of sweetpotato utilization arid product de
velopment could help to prevent further decreases in 
price. Research should be emphasized as follows: 

e 	select a proper variety for the processing industry; 

• 	 introduce swectpotato processing that prevents nutrient 
loss; 

• 	 introduce low-cost technology to develop quality 
products, especially at the village processing level; 

* 	develop improved products; and, 

a 	 investigate consumer preferences using sensory 
evaluation. 
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Cassava and Sweetpotato Processing,
 
Marketing and Utilization in Vietnam
 

Quach Nghien1 

Abstract 

This report presents the current situation of cassava and swectpotato processing, consumption, and 
utilization in Vietnam during the last ten years. Due to changes in the price system and to improved, 
low-enorgy consumption processing technologies, cassava and swectpotato have gradually become 
important cash crops for local famers and processors. Cassava has already become an important low-cost 
raw material for iiidustrial processing. This report gives details on some recently developed or improved 
processing technologies appropriate for rural conditions: fresh root processing and preservation, sweet
potato transparent noodles, protei i-enriched cassava and sweetpotato animal feed, cassava maltose, and 
cassava breaid. These technologies have been effectively used il.Vietnam. Finally, this report shows the 
mafin problems and needs fur further resc~irch and development. 

Key words: cassava, swectpotato, processing, Vietnam. 

Introduction 
Cassava and sweetlpotato are traditionally important 

food crops i,Vietnam. They are used for animal feed 
andconumpioneithror uma i frsh frm rasand for human consumption either in fresh form or ; 

dried sncs. Bot: crops are grown in almost every 
province in tile countr. However, the devclopmle : 
p.'iential of cassava and sweetpotat( is still enornmous, 

The economic value of swcetp^.o.atocs and cassava 
remains low. The market for then is not yet fully 
dewloped and is affected by vvrious economic and 
social factors. In a self-supplied, aricultural-bscd 
economy, root crops are primarily used iithe farmer's 
own household. Only part of ciissava production is used 
tsa raw material, for industrial processing. Inorder to 
develop cassava and sweetpotato production, more ef-
ficient techniques for processing, utilization, and mar
keting should be developed. Furthermore effective 
goverraicnt policies are needed for the development of 
root cr. ps so as to provide a stable income for root crop 
farmers and processors. 

We p:esent here the current status of cassava and 
sweetpotato processing, production, and consumption 
in Vietnam. Main problems in these areas are identifiedand the production potential and market demands of rw 

prduc pate arketemands ofogiwome 

material arc evalualed. Some appropriate technologiesfor fresh root proccssing and preservation, such as milk
sap removing ca.ssava processing, transparent roodle 
rmaking from sweetpotatocs, an'! profein-enriched animal 
feed made from sweetlpotatcs :,id cassava, are ap

propriate 'io the farmer households and village condi
tioms that have bcn developed and C:laded in Vietnam. 
On-site processing system.%, i.e., at the farncr ,Idvillage 
level need furtherdevelopment. 

Production and Distribution 

In Vietnam, the distribution, utilization, and marketing 
of root crops has not been studied in great detail. The 
following remarks give only a general idea of the situa
tion of root crop utilization and marketing. 

Biochemist ,nd Fcxi l'chnologist, lead, Deparlmcn of B3iochemistry and Foxd Technology, National Institute of Agricultural 
Sciences, 07,Phuong Mai, Dong Da, Hanoi, Vietnam. 
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During ti la t ten years, cassava and swectpotato 
production have not increased. The total output ofswcet-
potato has stagnated at 2.2-2.4 and cassava at 2.6-2.8 
million 1/yr (Table 1). The yield of swcctpxotato is low, 
6.5 i/ha compared with the world average yields of 14 
./ I.Vietnamese fanners invest little in sweetlxtato 
cultivation. Farmers add only sonic animal manure or 
green manure, if available; they do not add any other 
inputs. The situation of cassava is no better. Nearly all 
cassava production is concentrated o0itilepoorest soils. 
Cssava is grown without fertilizer and yields have 
declined due to nutrient depletion and soil erosion. 

Table 2 and ',ap I give detailed infornmation about 
the main regiors of rassava and svCetpx0tato cultivation, 
Red River De tlaand North Ccntral are the two biggest 
swcetpotato cultivation areas where :,bout 54% of sweet
potato is produced. The Northern Mid-elevation and 
Highlands and South Central arcas produce 57.71c of 
the toal cassava output. 

In tile Mekong Delta where 'he ricc and corn output 
per inhabitant is the largest in the country (453 kg/ 
capita/yr), root crops can play only a limited role in tlie 
food supply. 

Utilization 

Traditionally, cassava and sweetpotato have bcen tie 
farmer's strategic food reserve and were consumed in 
the case of a rice crop failure. Until recent years, about 
8(1," ofca.ssava an" 1)%,olsweetpotato were consumed 
and marketed only within rural areas. Both roc: cr.aps 
were mainly uscd in the form of fresh or dried chips is 
animal fccd and for Ihuman consumption. 

In general, in the swcetpoltato and cassava main 
cultivation legions, the maize and paddy rice production 
per capita is still low ( 170-240 kg/capita) (Table 2). 

Tale 1. Area plantecl, production, anl yield of the 4 .,al~jorfi d crops in Vietnam, 1988. 

Area planted Produclion Yield 
Crop (00110 ha) (1)0( 1) (kg/ha) 

Rice 5.600 15.960 2,850 
Maize 415 526 1,300

Cassava 330 2,622 9,200
Sweetpoato 285 2,145 6,500 

Table 2. Food production in the main cassava and sweetpotato cultivation regions. 

Sweetlxtato Casssava Rice and maize 

Region (0(X ) % of total (000 t)% of total (kg/capita) 

Northern Mid
elevation and 
Ilighlands 36) 16.3 818 31 191.5 

Rcd River Delta 
(without Il,noi 
capital) 518.9 23.5 (141) -- 241.8 

North Central 703 31.3 337 12.7 176.8 

Sou!h Ccntral 253 11.4 704 26.7 229 

Southern (54) -- 404 15.3 174.7 

Mekong Delta (203) -- (127) -- 453 
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Map 1. Regions of Vietnam based on geography and climate. 
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In the central part of Vietnam, where root crops 
account for about 30% of the total food production, the 
local people have a tradition of using root crops as a 
daily food. There are different tasty dishes made from 
cassava and sweetpotato. Home processing of root crops 
iswell developed in several provinces of Central Viet-
nam. Inorder to provide balanced nutrition, cassava and 
sweetpotato dishes are often eaten with mungbean, broad 
bean, sesame, and fish. 

In the other regions where home processing of root 
crops is not common, the fresh roots or dried slices were 
traditionally consumed by the people in simple boiled 
or cooked forns along with rice for their breakfast ot 
dinner. Due to the improvement ofthe rice supply in the 
country during the last three years, the proportion of root 
crops used directly for human consumption has been 
reduced. Human consumption of root crops in urban 
areas is very limited. 
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In Hanoi and Ho Chi Minh City, statistics show that 
about 15,000 to 30,000 t of fresh roots are used annually 
for breakfasts and for cake processing. 'Re largest root 
consumption is for animal feed. About 65% of cassava 
and sweetpotatocs are used for animal feed in rural 
areas. While sweetpotatoes are used for animal feeding 
in the fresh form, dried cassava is an imp3rtant food for 
pigs and other animals. The total green material from 
sweetpolatoes is equivalent to 50% of the root weight. 
This green material is also an important feed source for 
pigs in rural areas. Cassava leaves, as a green powder, 
are used in the animal feed industry. Finally, the use of 
root crops in farmer families depends on their house
hold's economic circumstances. In areas where root 
crops are grown, cassava and sweetpotatvics are used as 
the ma'i food to fight against hunger in the xorest 
households. A small part of the harvest can be used for 
animal feed. Less floor, more experienced households, 
tusually use up to 100% of the roots produced for animal 
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feeding. Thus, the root value will be increased by 60% 
and their products are free from the constraints of the 
consumption market. The larger amounts of roots sold 
in the market are mainly from households with much 
labor or limited capital and a lack of market knowledge. 
These i]quxseholds grow extensive root crop areas and 
roc, crops are considered to be their main cash crops. 
Income derived from root crop sales is used for paddy 
inputs and family needs. 

Cassava and sweetpotatoes play an Important role 
in animal feeding in areas where peasants used to cul-
tivate paddy at which time they would buy additional 
amounts of cassava and sweetpotatocs for their animals. 

About 9.5% of the cassava produced is used as raw 
materials for industry. Swectpotatocs are not used so far 
for this purpose. Presently, about 6.3% of fresh cassava 
is processed into starch. At prescnt, the confectionery, 
alcohol, and animal feed industries are the main con
sumers of cassava chips and cassava starch. Inthe near 
future, the fcrmentation industry will be developed and 
food prices in Vietnam will continue to increase until 
prices approach those in the international market. This 
also will contribute to the increase in domestic utiliza-
tion of cassava and swectpotato. 

Besides producing cassava for domestic consump-
tion, Vietnam also exports dried ca!sava chips. How-
ever, because of a shortage of storage and the hot and 
humid climate, the quality of dried cLssava chips is not 
good for export. 

of demand and supply, and by the low purchasing power 
of the average consumer. 

The root crop market in Vietnam has been very 
unstable, even in rural areas. The price of roots has been 
dependent upon the price of rice because roots play a 
supporting role in the general food supply. In years 
when rice production was abundant, root pricer dropped 
drastically. Inthe past, the price of rice was held artifi
cially low as a result of government subsidies on fer
tilizer (Table 3). Conscqucntiy, the price of roots was 
too low and the income of root producers was not 
sufficient to permit any investment in the cultivation of 
cassava. The price of roots relative to that of rice was 
abnormally high due to these subsidies and, therefore, 
consumers generally preferred to consume rice rather 
than cassava or sweetpotato. Therefore, the marketing 
system for root crops had not developed. 

Since the middle of I990, however, the price situa
tion has changed radically. Prices of rice and paddy were 
increased to be equivalent to the international price. In 
local markets, consumers have come back to root crops, 
and it is estimated that demand for root crops will 
incrcase. Demand for cassava for confectionery and 
fermentation industries and animal feed will increase at 
an estimated rate of about 8-15% per year during the 
next years. 

Because the price of cane sugar is relatively high (1 
kg of sugar costs the same as 2.5-3.5 kg rice), low-cost 

cassava malt is mainly used in the confectionery and 

fermentation industry in Vietnam (1 kg malt costs theDemand and'-:viari.eung S'ystem.same as Ikg rice). The price of cassava starch is lower
of Fresh and Half-products than the price of rice and vhea flour, so that cassava 

starch or milksap-free cassava flour will be ain cconomi-
In Vietnam, food marketing is considerably affected by cally attractive raw material for the fod-stuff, textile, 
the shortage of transport and storage, by the fluctuation and paper industries (see Table 3). 

Fable 3. 	 The price (in Vietnamese (long)of urea, rice, wheat, and several cassava products before 
and after alylishment of the state subsidiLs on fertilizers in 1990. a 

C(assava 
Whcat fresh (assava (assava CaLssava 

Urea Rice flour roots chips starch malts 

Before subsidy 
(Jan. 1990) 680 500- 550 1,400tl 91) 220 750 650 

After subsidy 
(Mid-1990) 1,400 900- 1.200 2,00(1- 140 350 1,050 1,100 

2,2(W) 

aUS$ I isapproximately 6,0) dong. 
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Because of the high price of rice in rural areas, 
sweetpotatoes and cassava will be used more as human 
food and animal feed. In urban areas where cassava and 
sweetpotatoes were rarely eaten, root crops now appear 
more frequently in the markets. Fresh roots are used by 
the urban poor x; breakftast food and as low-cost con-
fectioneries. 

Not many studies on cassavaand sweetpotato mar-
keting have been carried out, except the recent study by 
Bottema and his colleagues (Bo!tcma and Henry i990).
Two mauket forms for root crops may be distinguished.The main market isthe circulation of food commodities 
in rural arcts and the other is tfe market i industries 
and urban areas. 

Traditionally, cassava and sweetpotato are exchanged 
between the root crop and the rice cultivated regions, 
mainly through direct exchange and also through the 
private wholesale system. The village market is the 
location of this exchange which has contributed to a 
reasonable food balance, in terms of quantity and quality, 
between the two regions. The village market system and 
direct market channel of root crop producer to con-
sumers can reduce the marketing cost by about 80%. 
This market channel guarantees to keep prices at a level 
suitable for consumers in rural arcas. 

The market system supplying fresh roots and half 
products for urban areas and industries is more compli- 
cated. Particularly the fresh cassava which needs rapid 
transport to consumers and processing sites. Until now 
there have been various market channels operating in 
I ,orth and Centrad Vietnam (see Table 4). Underemployed 
farmers participate dynamically in the root crop market-
ing system. They collect and tr, nsport sweetpotatocs by 
bicycle to the markets (often over adistance of',ibout 30 
km); and in many ca.ses, they retail the product themsel-
ves. This system is very intensive with small profit 
margins, but it has been in existence in populated areas, 

In comparison with the wholesalc system, the sell-
ing price of this system is about 20% cheaper. These 
activities are seasonal, and the root quality is low and 

frequently varied when comrarcd to the quality of the 
wholesaler's commodities. 

However, in the arcLs where village level process
ing is important, the root supply system is carried ou! 
by wholesalers and unemployed peasants. These root 
crop markets are stable and wholesadrs collect roots from 
distant zones with the cheapest prices. They transport 
large amounts of roots by truck. Therefore, they sell (to 
processors) at a price which isabout (1-72% chcpcr tthan 
the price applied for selling to end users (sce Table 4). 

Root Crop Storage and Processing 

Before 1975, the government of Vietnam had programs 
establishing cassava and sweetpotato processing enter
prises in the provinces. About 5,000-15,000 t of roots 
were processed per year. Now, all these enterprises are 
closed down with tLe reasons being that: (1) these plants 

operated only two months a year, and (2) their product 
quality and prices were not guaranteed. The lesson 
!eamed is that raw material supplies and ths output of 
each plant were insufficient. Root crops are grown in 
scattered places and harvesting depends on seasonal 
periods. Transport is a great problem; there is only 0.8 
km of poor quality road per km2 in rural areas. A rootstorage and processing system has been suitable to the 
small, scattered plantings of farmers. 

However, for a longtime, the factors that determine 
the methods and scale of processing technology and the 
organization of root processing 'vere not adequately 
considered. Because of this, although better equipment 
and technologies were introduced, only a few of these 
were accepted by processors. Also storageand packing 
problems have not been solved and they account for the 
quick deterioration of processed cassava and sweet
potato chips and flour which in turn badly affects market
ing of roots. The organization linking local processing 
with industrial processing becomes very important, but 
priorities remain the development of storage and pro
cessing networks at the village level. 

During tie lst ten years, in.':ations are that small. 
scale processing has developed well in Vietnam. These 
experiences have shown that farmers in villages, where 
aro-product processing is done, earn much higher in
comes than farmers in villages which deal with produc
tion only (see Table5). 

The following products and processes are suitable 
for rural conditions: fresh root processing and fresh root 

conservation in starch or a milksap-free form (without 
the necessity of drying roots after harvest), hydrocyanic
acid (llCN)-free cassava pellets, protein-cnriched cxs

sava or sweetpotato as animal feed, cassava maltose, 
sweetpotato transparent noodle, and cassava or sweet
potato bread. 

Processing and 

Preservation Technology 

At present, about 45-62% of the total cassava produc
tion and 40% of the sweetpotato produced in Central 
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Table 4. Prices and marketing costs (in 1991 prices) of fresh sweetpotato in different marketing channels 
in North Vietnam. 

Rural marketing Rural-urban Rural-processor
Price level system markeiingz system marketing system 
cost (%) Price (%) Price (%) Price (%) Price (%) 

Field Producer Producer Producer Producer 
assembly
 
trader 250 100 250 
 100 250 100 200 100 

Field assembly Field assembly
Buying price trader trader 
add marketing (Undercmployed
 
cost farwvrs/transportcrs)
II I

Wholesalers Wholesalers WholesaleM 

Buying price 320 124 210 110 
add marketing cost 

Retailers Retailers Retailers Retailers 
340 126 360 141 290 145
 

(Underemployed
 
farmers/transporters)
 

Consumer Consumer Consumer Consumer 
 Consumer
 

280 112 350 180 500 200 320 160
 

Total marketing
 
cost as % of
 
farm gate price 12 80 100 60 

Distance (kin) 2-10 30-60 60-80 100-200 

Amount per 
sale (kg) 100 100-200 100-500 7,000-12,000 

Vietnam are processed into dried chips. The use ofsolar thuvest weight loss due to spoilage after two-month's 
energy fordrying root chips in Vietnam is often difficult preservation usually exceeds 30%. 
because of high air humidity and short periods of sun- For many years now, researchers at the National 
shine durng the main harvest in winter. Institute for Agricultural Sciences (INSA) have been 

In the north, swoetpotatoes are mostly used in fresh looking for a fresh root processing and preservation
form without processing into dried potatoes. The pos- method which results in low loss and does not depend 
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Table 5. Production aad income i vIla-es with and without root crop processing. 

Cultivated area (ha) 
Rice yield [/year (ha) 
Population density (inhabitants/ha) 
Total income (%) 
- Cropping 
- Livestock 
-Agro-product processing 

on the weather, in order to gradually replace drying as 
the main processing method, 

Fresh Cassava Preservation 
(method of Dr. Mai Van Le) 

The use of antiseptic chemical solutions has permitted 
keeping fresh cassava for a period of more than six 
months. However, this method is not very practical
because of the need to build a large tank while the value 
of the final product is low. 

Cassava Process by Benet 
at the 600 ppm Concentration 

This method preserves fresh cassava for one month and 
it can be applied to stored cassava destined for con
sumption. 

The Technology of Removing 
Milks ap and Sarch Processing 

The milksap is a good medium for the growth of 
microorganisms because its protein content fluctuates 
between 6-9%. For that reason, a technology for remov-
ing milksap from fresh roots was developed by the 
Department of Biochemistiy and Food Technology of 
INSA in 1989. Milksap-free cassava is IICN-frce, is easy 
to preserve in the wet or dried form, does not have a 
cassava taste, and can be used for different purxses. 

With the new improved technology for processing
starch, the amount of recovered, filtered starch is twice 
as high as before. This is due to a more efficient grinding 
ra.td filtering technique. The present process of produc-
ing filtered starch or milksap, free cassava isas follows: 
(1) peeling and cleaning c.ssava r(ts; (2) grinding 
cassava into very finc particles; (3) isolating the rilksap
by a chemical mixture; (4) dewatering by pressure-
equipment; (5) pieserving wet cassava without milksap 
under anaerobic condition for 1-6 months; (6) filtering 

Que l)uong Phung lbong
 
(with processing) (without processing)
 

280 480 
10 10 
35 19 

100 100
 
18-22 70-76
 
25-26 18-20
 

45 8 

starch through a cloth (formation of cassava pellet or 
flour); (7) solar drying of IICN-frec cassava pellets or 
flour; and (8) packing. 

Anaerobic Preservation of Wet Starch and 

Milksap-free Wet Cassava or Sweetpotato 
In rural areas, it isvery expensive to build and maintain 
large tanks to preserve wet starch because of acid dis
solution. Also, the rate of starch loss is as high as 
fermentation and hydrolysis. Therefore, we have devel

oped the underground anaerobic preservation method 
(Fig. 1). This method needs only a plastic layer to 
prevent contamination with the soil, and wet starch can 
be maintained well in this state for a year. 

Improved Technology to Process 
Animal Feed from HCN-free Cassava 
or Sweetpotato and Their Byproducts 

The utilization ofcas.sava, swectpotatoes, and their pro
cessed wastes for livestock feed is a major field of 
utilization in rural areas. The root crops, however, have 
a low protein content (-2%). T1.e method of improving
the feed value of root crops f)r livestock i: appiopriate 
to the farmers' condition. This method is ,asfollows: 
(1) prepare [ICN-free cassava, sweetpotato, or waste; 
(2) mix with (Nl14)2SO4, rice bran, and microelementi;
(3) steam treat (gelatinizaition); (4) ferr:-it by 11-fer
ment; (5) incubate at 25-30'C for 5-10 days; (6) gain 
protein-enriched feed (9-.12%); anu k,) feed directly to 
animals. 

"lt3-fermen is a iraditiorfl Ione ferment contain
ing Aspergillus oy.ae and Aspergillus niger. We can 
see that the protein content will increase from 2% to 
7.6-12% after a nine-day incubation ptriod. The product 
is yellow or light yellow and has a :pecific smell. This 
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Figure 1. Wet starch preservation technique. 

soil 

bricks 

plastic sheet 

Starch I x I x 0.5 in3 

soil 

method is appropriate to small livestock holdings and (1)purified sweetpotato starch (95%) is pretreated with 
increases the value of root crops by 26-40%. aluminum sulfatc; (2) mix with gelatinized starch (4

10%); (3) form around elastic thin starch sheet by steam 
heating (!00°C for 2-5 min.); (4) expand the round 

Improved Technology elastic starch sheet into 0.9 x2 m sizes and scmi-dry the 

to Process Noodles starch sheci on bamboo screens, using the sun-drying 
method; (5) cut into strands; (6) final sun-dry; and 

This method was improved by INSA in 19F8. Trans- (7) pack. 
parent noodles were traditionally produced from mung
bean by the extrutsion method but the produc price was The output of each family-scale workshop is br
very high. The cost of 1 kg transparent noodle was mo- tw an day. Swctpoitato starch50-300 kg of noodle pe 
expensive than the :ice of kg of pork. Cassava starch and iransparent noodlAs are competitive in price and 
was used to process transparent noodles. Using cassava quality in the market. As a result of thic process, sweet
reduced the prod-!ction price by 60%. However, the potato consumption in Vietnam has increased. 
nutritiond quality was not guuantced and cassava noodle 
causes dyspepsia. The use ofsweetpotato starch instead Maltose Production 
of cassava starch has improved the nutritional value and 
the quality of food, and h-v.' from Cassava Starchreduced the price of trans-
parent noodles by about 40%. 

Due to the higher price of sweetpotato starch, maltose 
It is impossible to equip the smail-scale noodle is processed only from cassava starch. One village, 

producers with cleaning and drying equipment. There- located in thesuburbs ofHanoi, (consisting of morethan 
tore, we have developed a method to fonn starch sheets 300 families) produces maltose from wet cassava starch 
which are cut into strands. This process is -s follows: with a total capacity of 4,000 t/year. Low.cost cv.ssava 
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maltose is mainly used in the confectionery and fermen- Chip processing steps are: (1) formulating paste
tation industry in Vietnam because the price of cane from root starch or flour; (2) cutting of chips; (3)steam 
sugar is high. treating at 100°C for 5 min; (4)solar drying to 14% and 

The simple small-scale technology for producing 
cassava maltose was introduced beginning in 1980 and 
shows good production development in the rural arcts. 
This cassava maltose production method is as fbllows: 
(1)mixing wet starch with boiling water to form a glue; 
(2) fermenting by amylase (from germinated rice see
dlings); (3) incubating (hydrolysis) overnight; (4) filter-
ing; (5) concentrating maltose by heating (45-60 min 
per 20 kg batch); and (6) packing in double plastic. 

Chip Production Technology from 
Starch or Flour Without Cooking Oil 

In 1987, INSA developed a process for making starch 
chips (similar to krupuk) without cooking oil by using 
old gas bottles as pressure ovens (Fig. 2). 

oven drying to 10% moisture; (5) high pressure treating
at 8 atm. by heating in an old gas barrel oven (15 min 
for 3-4 kg chips); (6) reducing pressure to I atm to cause 
the volume to expand 30-40 times; and (7)packing. 

Bread Production Technology
Using Wet Cassava Starch 

The price of wheat flour in Vietnam is two times higher 
than that of rice; thus, bread isvery expensive. In 1989, 
INSA developed a process for using wet cassava starch 
(at a level of 50%) in bread production. 

Compared to dry cassava starch, wet cassava starch 
has an expansion capacity which is 1.8 times higher. 
Therefore, bread made of 50% wet cassava starch has 
good elasticity. In order to maintain a high nutritional 

Figure 2. Use of old gas bottle as a pressure oven for production of cassava starch chips. 

Cover lock 

BiaVpacity: 3 - 4 kg dried chips T 

High press value 
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quality, some soybean flour is mixed in while making 
the bread. 

The bread production process with 50% we 

sava starch is: (1) preparing fresh cassava starch; (2) 

adding and mixing with soybean flour; (3)mixing 50% 

..jriched cassava starch with 50% wheat flour and yeast; 


(4) annealing for 2-4 hrs, depending on the weather; (5) 
weighing and kneading, follow-up annealing for 1-3 
hrs; and (6) cooking at a temperature of 21 0°C for 10-15 
min. 

CLssava bread has an expansion and moisture con-
tent equivalent to that of bread made of 100% wheat 
flour. It has a good smell, is tasty, and remains soft for 
a longtime. The productioncost ofcassava bread is25% 
lower than that of bread made only with wheat, 

Other Technologies 

Cassava isalso processed to make cassava m~arch pearls 
and shrimp chips, as well as in the production of fer-
mented products (e.g. alcohol, fermented sauces, mono-
sodium glutamate, acid citric), in textiles, packages, and 
papers. 

In general, if cassava and sweetpotato are used as i 
raw material for processing into high quality products, 
the value of root crops is increased many timess; but 
development of several technologies for processing r(xt 
crops is necessary to overcome the energy and market-
ing problems. 

Research Activ~ties 

and Research Needs 

There are several research institutes, universities, and 
colleges that have conducted research on processing 
technology for cassava and sweetpotato. 

However, the research and development (R&D) re-
suits are very limited due to the lack ofan R&D strategy 
for root and tuber crops. For this purpose, we especially 
need a research strategy for marketing, production man-
agement, and development of some new products male 
from cassava or sweetpotato. With cassava, processing 
and utilization can perhaps best be conducted by the 
private sector. INSA can gain experience by close col
laboration with cxperts from the private sector. 

The R&) strategy fo root processing, utilization, 
and marketing should include the following: 

a 	to prorote R&D of root crop processing systems; 

* 	 to stimulate the interaction between on-site process
ing and industrial procassing; 

* 	 to study marketing and prices and to determine the 
market potential for root -rop products; 

* 	 to identify the key social and economic constnints 
to cassava and swectpotato consumption and pro
pose possible solutions; 

* 	 to carry out studies on village-scale processing sys
tems and promote technology transfer to farmers; 

9 	 to conduct research on the use of roots as a raw 
material for the mar .!act urc c: f various products, and 
the development of new products at a low cost in 
order to expand the utilization of cassava and sweet-
Potato; and, 

*to give priority to the development of technologies 
that reduce the energy requirements for processing 
and preserving root crops. 
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Sweetpotato Processing, Marketing, 
and Utilization in Korea 

B)'eong-ChoonJeong 

Abstract 

Swcctpotato production, processing, and utilization have declined considecably in Korea over the hst 
threedecades. This paper examines the various factors that have contributcd tc this development including 
consumer tasles and preferences, demography, and general economic dcvelopment. The paper also 
describes current processed products and the emergence of new uises for sweetlpolato that have resulted 
in shifts in cultural practices at the farm level. The papcr briefly reviews prevailing marketing channcls 
before calling for research and development on alternative uses/markets for swcetpotato so %sto promote 
a recovery in production and area planted. 

Key wor(s: products, animal feed, consumers, diets. 

Introduction 

Sweetpotato is one of the impxrtant summer upland 

crops in Korea. It has been used as an industrial raw 

material, a human food, a vegetable, and an animal feed. 

But, since 1965--thc peak area planted and production 

year-both area and production declined very quickly. 
This is thought to be due to sevcal factors. First, in 
accordance with the recent rise in living standards, 
Koreans have tended to chanPc their dietary patterns, 
They now eat more foods perceived to be of highe_" 
quality than swectpotato. Second, swctpotatocs for 
industrial raw material have been shortening the run-
ning period of manufacture factories because of their 
long-term storage disadvantage. Third, manufacturing 
starch or alcohol using swcepotato costs more than 
imported corn and tapioca. Fourth, rapid industrializa-
tion and urbani/cition in Korea followed by decreasing 
farm populations an(J less rural labor, increasing rural 
labor costs, imlartation of agriculture products, de-
creasing rural incomes, and great socio-cconomic chan
ges all of which have contributed to a dccrcasc in the 
area planted and production of sWcetpotalo. In recent 
years, however, the utilization ols,,vcetpalato has been 
highlighted as a non-polluted, natural health food. Con-

sumers' desire to cit good quidity ';wectpotato roots and 
petioles for vegetables has been incre sing. The result is 

pnxluctionu :ngalxplycthylcncfilm-mulchedearlyculture. 

For human food consumption in Korea, sweet
x)tato is eatcn boiled, roasted, fried, or in sadads. Starches 

from swcetpolatocs are mainly used to make Korean 
folk noodles. Alcohol cxtracted from sweCpotatoes hais 
been used mainly for Soju, a traditional Korean al
coholic bevcrage. Incrascd demands for starch and 
alcohol have been supplicd mainly with imlXprted corn 
and tapioca. 

Sweelpotatoes have had three kinds of marketing 
channcls for industrial and food purposes. Sweetpo
tatoes produced by farmers are sent to factories or 
cotsumers through wholesalcrs, coopcrtives, or rctailcrs. 
Markcting margins in these channels vary from 15-50%. 

Area Planted and Production 

Swcetpotato hats played an important role as a famine
rclicfcrop, s'arch source, alcohol raw material, and feed 
and food cop because it is tolerant to environmental 
stiesses such as p or soil, drought, and wind. It also 

Mokpo Branch Station, Crop I'xperimcnt S:tifion, Rural I)cvclDopmcnt Administration, Wuan, Korea. 
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gives a high yield in a short period inflime compared to 
other crops. 

Sweelpotato productiotn and CLIIli;ICd area havleh 
sharpl\ declined. The area plinled to s, CCIpo.ihLIS 
decreased gradually from I5,.(Wt) ha0 in I Thwto?.ISx 
h 1i I98 as shown in Tablc I. The 1,u1i1 pitducd 
hasL also fiallcn from 3 million Iti1'0 It SOl().lt Iin 
19,8. 

Mani' Factors have oultrlfir hd hIt litIL llii the 
profhilct)i 'sweelIt)ptItoe. illKoruea lii Ir,,lc;itc 'I 

decrascL+d pli;uting aund hi.,kt litarea PIt)ItMItill bt'cn c 


h.lalin thell life %,itlllcle|,,cd , niultlttI
diercl 
of other, htig h qUalily Il ,t, e,LCip.,lit'tuhtedfood, ,h'.f 
Se.Cond.l in ildusti'll ulil];Ititll ill . ,i liltpiilitis. th, 

disadvatlta c Of the poor ltle-I rliSIl,,t,.'L a lql, 
of s,\tlpoitito shortened rumlilhlll P l -I.,lIialIIi. 
Utiig factories. Thus, its ' i d,'lhl e.,, pit() 1 1nl1t 

duCt t:II11(Iii.%L, tighcr thall illl ,11 . .i , .:clt.'d +£ . 11 

'l'f rc ro ,i[iLdutrIL Ctil pI h1 1 .s. '
] lLIS 0'It 'i,l III,I ,le 

treed Ii Korea is less. Futlliioc. i,vtl'iii t. 
SoCit-CecOnolmlli enivironmentC:IIS'd sh\i il,.lt Ct 
rural labor and Increasin l hisL.,tl'tkIIIabor coti. It d 
lower incom1es and aIdecrcase S .,CIiti4 t . ltl llhili.itl t 

Util iza tion 
The SitILI Of S. e\.ciLptitaIto) tlstlp+tI 'I llIiK-,'leA IN 
prccsentcd illblelC tillillillIl1966. the peakbe \\ i 
COnSunil1pliot, year (from the Clol)I[ptlutl iliI 9 )). 
Whenconparcd . .l 1t6b the iCtisup-ilh I i1t1u1 ill 

.\ ilu.trid raxt malcrial. in I )S, consumption fIr 
alh.'oll Illd 44"; and 28'; comnstarl decr{Led io as 
pared v,ilh Iu,-80and 11)7 I.tlile .ikcoit lllUllpitlli .,li 

ac o 
I'he a.lm [iutof s.k Ce.lpotlalOlutili/ed ftr minimal led 

illI)SS decreaLed 10 31.1' thai IhluniOf in ll)"(). 
uisut iC(o dccrC.e,Sd tttt101 hCidly'Ihan;llV other liSe. 

"l'htc nsuntpnl ;1ntoiins in 1988 and 19l dLcreUsLd 
It 7'; and 5S', C 0h11 )lliCdWit, 1 IItose of" I ( 11 n111d 
I I l [1) in I 9,), conlsumplion ofI (OpLtluccd 
, eetpt)OIJI iL're;LSed a little f. industirial tili/ation 

alnd lic mca planted fur hu tIod intrcLsd IecaU.Se 
0' il I I'111111ulchedea rly cullure.diSe IvCt hvhnc 
lHittluiul ,iitItot hum1,an lid 11imhe sulb

ti\lh,,i tli fir h i ll', portoLl s,\et_ 

It. h, ,ltt.t.! ,r,'m1 te. a 

S,.Alp lal .%.Isin illltlirallit crop ,'nixeKorea 
hl1 ,Ishi tt pAI R cCn II'rtdes of dieltar,"I l' s 
liif'1,1%dInleIJUd !I QIt.;itur ,tinNutlplion ii meats. 
mi k. lid It A ved O CS C hCC. COlltit'. ,s. poItIate 

IHd..ldt0 lill h d I , the niioritv o! people ilni l\ 
knlC:l fll III( L iitlihn olfSs\.L'olfpotatodecrsccd 

eArlk ill illth (' ,W''her;,Vod.lii.C ,%\ Nillstitution 
,


tllll h11If I'ie Iltlltl o) ' \,CCtppo. ItilId potato 

ciMtill1d fW1 p r tt per \'eir ilrKorea is prvt',Cled in 
lIiire I In l19w.,, per capitr; consuilpio .vas 70.5 kg 
pitL\Cit I'lieillflol1 l;h IatfCtesed raplidl]I to 5.5 kg per 
II si, l ]k'l\C;Ir illI ')S. 

hltit Itoil ckts]ttfll,.lit, SWCjxptati iln Korea 
haLs ben.'l boiled, I',Lted., fried, or lsCd illsalads. Most 
of thIe high quality s,.eelxnti'L.. are con,sumied a; boiled 

lionnl a1ot1 in I988 (produced in 1987) \S.as 1, .snack this use ar.-early culturedS12.) fuid. Crops planted I'or 
only 18'1o tOIhC l960i CilosuLtiol. I1Cll',o)tlls to trot late Juie to early AlgLISL.Rosted ald fried sweet
the dramatic dccrease ilarea md IlItIluct it'll. pollthiile sold by street merchants during the winterplitild s 

Table I. iiweetlxutato urella plait-ti. pi'lti,,,,,and id il,K,,,'ea, 1965-89. 

Inrdex 
Aria 
philUcd l tI lilt In Yt'ild Arco 

Year (t0 :lii) (1(011t (I fha) ptIlltcd f'rOOuCti1O Yid 

f10(5 152.4 27. 110.7 t. ll) (10 

1'70 120.9 2130 I 0.8 83 71 8M6 

1975 Q4.0 1'53 21i.7 (2 65 11)5 
I98() 55.0 110.1 210.1 30 37 1)2 

198.5 33.5 787 23.5 22 20 120 

19'87 25.0 542 21.2 17 is 108 
1'088 24.6 51 1t 19f10
 
It') 25.5 592 23.2 17 20 1f8 
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Table 2. )isposal of sweetlx)tato (000 t) produced in Korea, 196-90. 

IQ(1( 1/A

1966 1971 1,SO (A) (13) (%) (M)
 

I 1) A/* 


Alcohol 185 358 414* 184 290 4.4 158
 
(6.2) (16.8) (2().()) (34.0) (48.))
 

Starch 92 271* 09 77 135 
 28.4 175
 
(3.1) (12.7) (7.1) (14 2) (22.8)
 

Feed 50 87 1684 55 32 
 32.7 58
 
(1.7) (4.1) (12.1) (1 .1) (5.4)
 

Fox 2102' 121( 463 152 87 7.2 
 58
 
(70.1) (56.6) (33.4) (28.0) (14.8)
 

Waste 568* 210 243 74 48 
 13.0 65
 
17 5
& seed (18.9) ().8) i13 7 )_. . On-. ___ :1
 

Total 29)7* 2136 1103 542 52 
 18.1 1(9 
(1o.o)) (100.0).) 

Source: FoodGrain Policy Bureau. 
( ) = Percentage. 

Figure 1. Cosumption per capita I)y yea- of sweetpotato + potato. 

kg 

60
 

20 ___ 

1965 1970l 1975 1980 1995 1987 1988 1989
 
Year 

Source: Food1 G;raJin Iolicv iiiIt 

season. Petioles of swelpotato have been a tradilional month in silos would be a good Ied for hogs (Table 3).
vegetable in Korea, and are produced near the suburbs It could be fed up to 00% of the total feed for hog
by early direct planting culture for fresh or dried veg- fattening. However, in the future, sweelpotato root will 
etables. probably not be used Ls animal feed because it is more 

expensive than o1thor feed material. 
Sweetpotato for aninial feed has beer utilized as a 

silage material which is considered to impIrove the meat 
qjuality of hogs. "ihe silage mixed with cruShed sweet- Processi, 
potato root and rice bran at the ratio ol'80:20 (W/W) or b 
crushed sweelpotato roots, vi tc,, and leaves, and rice Sweetpotatoes have also been used as industrial raw 
bran at the ratio of 0:30:10 (WAVV) and stored one material in Korca. For example, they have been pro
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Table 3. Mixing ratio of sweetpotato ensilage for pigs. 

Mixing ratio of 

Roots Vines & Rice bran Total 
Ensilage mix (%) leaves (%) (%) (%) 

1 70-80 
2 60 

cessed for starch and alcohol production. Recently, the 
demand for starch and alcohol has been increasing year 
by year. However, the use of swcetpotatoes as raw 
matei lorstarch and alcohol production has decreased 
since 1970, the peak production year. 

As shown in Table 4, starch production in Korea has 
incrcaste yearly. However, sweetpotato and potato for 
starch production have decreased annually. Most starch 
in Korea is made from imported corn and the imported 
amount has been increasing. Of the total starch produc- 
tion, starch occupancy from sweetpotato decreased from 
37% in 975 to 2.2% in 1988. White starch occupancy 
from corn increased from 62% in 1975 to 98% in 1988. 

-- 20-30 100 
30 10 100 

The caesonLs for this include not only the problems 
associated with long-term storage of sweetpotato that 
affect the running period of factories, but also the fact 
that production costs were higher using domestically
produced swectpotato than using imported corn. 

Domestic and i'nternational starch prices are pre
sented in Table 5. fh' domestic prices, the swectpotato 
starch price is five times as expensive as corn starch. 
And when compared to the intcrnational price, domestic 
prices of swcetpotato starch were four times higher. 
Thus, the number of swectpotato starch factories de
creased from 67 in 1 IS2 to 43 in 1988 (Table 6). 

Table 4. Raw materials (000 t) used for starch production and starch produced (000 t) in Korea, 

1975-88. 

1975 1980 	 1988
 

Material 	 Material Starch Material Starch Material Starch 

Sweetpotato 186.2 32.6 96.4 15.2 94.1 15.5
 
(37.2) (6.7) (2.2) 

Corn 81.7 54.1 406.8 209.8 1032.9 670.4 
(61.9) (91.4) (97.5) 

Potato, wheat 5.2 0.8 8.3 4.5 9.3 1.8 
(0.9) (1.9) (0.3 

Total (Demand) 87.5 229.7 687.7 

(100.0) (100.0) 	 (100.0) 

Source: Annual ofAgricultural Cooperative Federation. 

( ) =Percentage. 

Table 5. 	 Domestic and international price (US$/t) of starch made from sweetpotato, potato, 
and corn, 1989. 

Sweetpotato 	 Potato Corn
 

Domestic 2,274 2,350 441 
International 543 808 319 
Index 419 29! 138 
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Table 6. Number of starch manufacturing factories, 1982-88. 

Year Sweetpotato Corn Potato Wheat Total 

1982 
1985 
1988 

67 
53 
43 

6 
6 
7 

1 
3 
6 

1 
2 
2 

75 
64 
58 

Source: Annual ofAgricaltural Cooperative Federation. 

Factories manufacturing sweetpotato starch have 
very small-scale, primitive facilities. Most factories ex-
tract starch by the tank precipitation method and dry the 
starch water with natural solar heat. Onlya few factories 
have modem facilities with centrifugal machines and 
instant driers. Becau,;e considerable capital is required 
to modernize their facilitiez, most factories do not want 
to enlarge :heir :apacity. As shown in Table 7, thestarch 
produced from sweetpotato has been mostly used for 
Korean native noodles. Only a smah amount has been 
usedas food, adhesive, medicine, and raw material forpaper. 

Sweetpotatoes for alcohol production have been 
sent to factories by agricultund cooperatives who act as 
mediators. Roots are transported fresh, sliced, or de
hydrated. As shown in Table 8, alcohol production in 
Korea has been increasing annually. However, khe utili
7,ation of domestic sweetpotato for alcohol production 
has been decreasing annually. Alcohol production from 
sweelpotato decreased from 53% in 1976 to 11% in 
1990 of the total alcohol production. Sweetpotalo', 
limitations have led to most of the raw material for 
alcohol production in Korea being dependent on im
ported topioca. 

Table 7. Utilization (000 t) of sweetpotato starch, 1981-89. 

1981 

Noodle 13.5 
(80) 

Others 3.4 
(20) 

Total 16.9 
(Supply) (100) 

Source: Korea Starch Industrial Cooperative. 

() = Percentage. 

1983 1985 1987 1989 

12.9 
(63) 
7.5 

(37) 

11.1 
(65) 
6.0 

(3-5) 

15.3 
(93) 

1.1 
()U 

17.1 
(92) 
1.4 

20.4 
(100) 

17.1 
(100) 

16.4 
(100) 

18.5 
(100) 

Table 8. Sweetpotato used for alcohol production and alcohol produced, 197 6-90.a 

Materials 1976 1982 1986 1990 

Fresh 

Dehydrated 

Total production 

Raw materials 
(000 t) 
Alcohol(A) 
(000 D/M) 
Raw materials 
Alcohol(B) 

(A+B) 

(C) 

(A+B)/C 

178.6 

105.9 

113.2 
217.1 

323.6 

605.2 

53 

11.9 

7.0 

88.9 
171.0 

178.0 

801.3 

22 

20.2 

11.9 

92.6 
178.2 

190.1 

892.6 

21 

8.6 

5.1 

55.2 
106.2 

111.3 

1020.0 

11 

Source: Korea Alcohol & Liquor Industry Association 
a7/M = Dry matter. 
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Table 9 presents the raw material cost ofalcohol per 
unit volume. Fresh, sliced, and dehydrated sweetpo-
tatoes were about five times higher than tapioca per unit 
amount alcohol production. Ninety percent of the al
cohol extracted from swcetpotatoes was used to make 
Soju. The remainder was used for industrial chemicals, 
soft beverages, medicine, and as material for tobacco 
fermentation. 

Sweetpotato Marketing in Korea 

Marketing of early cultured sweetpotato in Korea goes 
on from late June to late August. Early harvested sweet-

potato roots are sold for human food at a higher price. 
All of them are used for making snacks in the form of 
boiled sweetpotato. 

As shown in Figure 2, the marketing channel has 
three or four steps: from the farmer through the local 
collector of thejoint market, wholesaler, or retail dealer, 
to the consumer. A few consumers buy the crop at the 
farm house. Typically, cultured swectpotatoes are har
vested from September to October. In this case, except 
flor human food and seed, all of them have been used as 
industrial raw material. Fresh, sliced, or dehydrated 
sweetpotatoes are sent to manufacturers through the 
agricultural cooperatives or commissioned collectors. 

'Fable 9. Alcohol material cost per unit volume (1 D/M), 1990.a 

Swectpotato 

Fresh Dchydrated Tapioca 

Required mat,.rial per 1I)/M (kg) 1,685 510 511 
Material cost (USS) 261 347 44 
Index 593 789 100 

Source: Korea Alcohol & LiquorIndustryAssociation. 
aD/M =Dry mtter. 

Figure 2. Marketing channels for fresh and dehydrated swveetpotatoes in Korea. 

Fresh sweetpotatoes for food 

A Lcl t Wholesale I
 
Farmer L
 

S JOint m arket  
~ Retail dealer ] 

Fresh sweetpotatoes for manufacturing starch and alcohol 
I Agricultu ral cooperative - ...__ 

Farmer 
 ___facturer 

[-M anu--cturer
Co mmissio n co llec tor 

Dehydrated sweetpotatoes for manufacturing starch and alcohol 

Farmer 1---Agricultural cooperative . Manufacturer 

84 



Table 10. Prices and margins of sweetpotato in major marketing channels. 

Farm price 
(US$/t) 

Food 698 
Industrial 

Fresh 126-139 
Dehydrated 579 

Source: Mua, 1990. 
aWholesale prict.s paid by the factory. 

Marketing margins vary from 15-50% depending 
on the channel (Table 10). In the case ofsweetpotato for 
human consumption sold through local collectors to 
retail dealers, the marketing margin represents 50% of 
the consumer price. Marketing margins for sweetpotato 
for industrial raw material sold through agricultural 
cooperatives or mediators are in the 19-30% range. The 
margins in the chamel for sliced and dehydrated sweet-
potato are estimated to be 15%. 

Retail price Margins 
(USS/t) (%) 

1396 50 

155- 198a 19-30 
681 a 15 

Conclusion 

Sweetpotato has played an important role in the de
velopment of Korean agriculture. Still, in recent years, 
it has become a declining crop for the reasons discussed 
here. Therefore, it is urgent to develop new uses to 
expand sweetpotato production and area planted. Sear
ching out new uses for food processing and preparation 
are considered to be the basis of research necessary for 
increasing swectpotato consumption in the future. 
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Sweetpotato Production and Utilization 
in Taiwan 

W.Chihng
1 

Abstract 

Taiwan is located in the subtropics with abundant rainfall and solar radiation so that sweetpotato can be 
grown year round. Sweetpotatoes have contributed to the Taiwan diet as a supplemental staple food,
especially before the 1950s. Current utilization patterns are not different from those in the past. However,
total production of swectpotatocs in recent years has been only about 6% of its peak level. 

This report summarizes the production, consumption, and utilization, and research and development of 
sweelpotatoes in the last decade. In order to increase human consumption, high value products need to 
be developed. As an example of such products, this paper usesN french fry-type sweetpxtato and sweetpotato
flakes. This would create an entirely new image for swectpotato. 

Key words: flakes, french fries, response suffice methodology, rheology, sweetpotato, Taiwan. 

Production 

Soil and climatic conditions in Taiwan are suitable for 
sweetpotato production. During the period 1955-80, 
yields per hectare increased stadily (Table 1),but since 
the early 1970s hectarcagc has declined rapidly so that 
total production shows a steep decline. The dr p in 
swectpotato production Ihas three main causes: (1)the 
people in T.iwan prefer other foods as their income.s 
rise; (2) hog raisers use imported corn in.tead ofsweet-
potato for animal feed; and, (3) swcetmotato itself gen-
crates a relatively low income compared with many 
other cro.ps that became competitive after the develop-
ment of water resources. In 1989, abut 2(0,000 t of 
sweetpotatocs were produced on approximat,,y 12,300 
ha. These totals represent 5%7,of tlip ak levels for area 
harvested and 6% of total production. 

Sweetpotatoes are grown everywhere in Taiwan 
(Map 1). The main growing areas are located in the 
central and southern region ofwestcrn Taiwan, at Yunlin 
(20.6%), Tainan (17.6%), and Taichung (16. 1%). Since 
the 1970s, a large amount ofcorn haL been imported for 

preparing processed feed (Table 2). Sweetpotato has 
been replaced by production of rice, corn, sorghum,
wheat and other competing crops in Taiwan since 1965
(h eaun e arer get co re ince plnt 
(Table3)because farmers get much more income plant
irig these other crops. 

Consumption and Utilization 

Before the 1950s, sweetpotatoes were mainly used as 
human fo(d and animal feed. At that time, sweet[X)tato 
was cooked alone or with rice and served as a sup
plemental staple food. Yang et al. (1975) reported that 
most sweelpotatoes contain highcr lysineand threonine 
than rice and wheat, and recommended that sweetpotato 
be eaten with rice or wheat flour to improve nutrition in 
the Taiwanese diet. Ilowcvcr, as shown in Tabh 4, the 
net consumption per capita per year of all fxd ma
terials, except rice and swcctpotato, increased during 
the period of 1978-88. The importance of rice and 
swectpotato ishuman food has been replaced by im
ported wheat. In addition, increasing consumption of 
animal products, fruits, and vegetables also influenced 

Graduate Institute of Food Science and Technology, National Taiwan University, Taipe-i 106, Taiwan, R.O.C. 
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Table 1. Area, production, and yield or sweetpotato in Taiwan, 1955-89. 

Area harvested Production Yield 
Year (000 ha) ((0 t) (1/h1a) 

1955 245.5 2,437 9.9 
1960 235.4 2,979 12.7 
1965 234.1 3,131 13.4 

1970 228.7 3,440 15.0 
1975 156.7 2,403 15.3 
1980 62.5 1,055 16.9 
1985 23.2 36() 15.9 
1989 12.3 206 16.7 

Source: PDAF 1990. 

Table 2. Imported quantities (000 t) of cereals and soybean in Taiwan, 1965-89. 

Year Wheat Corn Soybean Sorghum Barley 

1965 377 44 161 .... 
1970 603 6(12 618 -- 238 
1975 543 1389 827 152 163 
1980 686 2615 939 417 382 
1985 755 3017 1469 546 337 
1989 865 4854 1810 148 236 

Source: PDAF 1990. 

-- =. Data no available. 

Table 3. P1rodnction (000 t) of cereals and soybean in Taiwan, 1965-89. 

Year Rice (husked) Corn Soybean Sorghum Wheat 

1965 2,348 41 66 .... 
1970 2,462 57 65 6.8 3.7 
1975 2,494 138 62 19.0 3.0 
1980 2,354 115 26 9.3 2.8 
1985 2,173 226 12 86.6 2.1 
1989 1,865 329 11 76.5 3.0 

Source: PDAF 1990. 

-- = Data not available. 

the decrease in consumption of rice and sweelpotato. Taiwan is still used for animal feed, but the quantity is 
Oneotherreason forthe lower consumption is thestrong much less. Farmers have little interest in growing sweet
belief in Taiwan that sweelpotato is poor people's food. potatoes because the market price is very low-fresh 

roots US$ II0/t and sun-dried sweetpotato chips US$In the pst, sweetpotato was the main energy source 300/t (IIAF 19X)). 
for animal feed; but, since the 1970s, imported corn ha.s 
become the main source due to its higher protein content In Taiwan, about 20% of sweelpolato is prepared
and feed efficiency. Recent utiliiition patterns ofsweet- by baking, boiling, steaming, or frying. There are a 
potatoes (Table 5) have not changed compared with variety of products such as starch, preserves, candies, 
those in the past. Most of the sweetpolato produced in cookies, composite bread, swctpotato fillings, flakes, 
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Map 1. Sweetpotato production in Taiwan, 19 89.a 

1 Taoyuan 
0.''-9% 

_ 

Taipei J 

5. 1%O 

Yilan 

Miaoli 
5.4% 

3.0% 

2..4% 

Taichung 
16.15 

~~Hsinchu 

O$ 

Penghu 

Ta 

Chngu 

in 

17.6% 
J~aohsiung/ Taitunlg 

Source: PDAF 1990. 
apercentages are of total national production (206,000 t). 
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Table 4. Changes In food consumption InTaiwan, 1978 versus 1988. 

Net consumption per Increase or 
capita per year (kg) decrease 

Category 1978 

Rice 114.0 
Wheat flour, etc. 32.5 
Root and tuber crops 10.7 
Sugar 24.3 

Legumes, nuts, etc. 45.0 
Vegetables 114.9 
Fruits 54.3 

Meat 36.1 
Eggs 7.6 
Fish 36.5 

Milk 5.4 
Oils and fats 10.5 

Source: PDAF 1990. 

Table 5. Production and utilization ofsweetpotato 

Production Animal 
Year (0(X) t) feed 

1950 2201 45 
1960 2979 46 
1970 3440 62 
1979 1225 63 
1988 254 63 

Source: PDAF 1990. 

french fry-type sweetpotato, and alcoholic beverages 
produced at home or in cottage industries. Among these 
products, sweetpotato starch has been very important in 
the past. Currently, however, due to high labor costs and 
an unstable supply of fresh roots, a few factories are 
importing crude sweetpotato starches from mainland 
China andcountries in Southeast Asia.This crudestarch 
is purified in Taiwan to make it suitable for local con-
sumption. 

Research and Development 
There aretwo possible approaches for expanding sweet-
potato production in Taiwan. One is to use more sweet-
potato in processed feed formulas, but this is not likely 

1988 (%) 

73.6 -35.4 
37.0 13.9 

6.0 -43.9 
25.2 3.7 

55.5 23.3 
122.1 6.3 
104.3 92.1 

57.8 60.1 
10.9 43.4 
45.8 25.5 

13.2 144.4 
18.5 76.2 

in Taiwan, 1950-88. 

Utilization (%) 

Waste and 
Manufacture Food seed 

15 25 15 
15 25 14 
20 8 10 
20 7 10 
20 7 10 

to become government policy in the near future. The 
other approach is to create an entirely new image for 
sweetpotato. Using modem food technologies to im
prove or develop high value products may be effective 
in expanding the demand for sweetpotato. Given exist
ing food habits in Taiwan, composite bread, sweL.,
potato flakes, fillings, and chips, and french fry-type 
sweetpotato could be considered as products witb market 
potential. 

Chen and Chiang (1984, 1985a) have reported that 
by reducing the amounts of sugar and salt and adding 
curb)xymethylccllulose in the recipe of composite breal 
which contains 30% sweetpotato flour, the problems of 
Icss fermentation and staling of the bread could be 
solved. Lee (1985) reported that when fresh swcetpotato 
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paste was used instead of swectpxotato flour, the com- Swectpotatoes with higher beta-amylase activity 
positebread had good quality, even betterthan the bread produced a lot of maltose during preheating and this 
made from 100% wheat flour. Table 6 shows the spccific resulted in mashed products being moist. Swectpotatoes 
gravity and chemical compositions of fresh sweetpxo- with lower beta-amylase activity, resulted in the mash 
tatoes. Table 7 shows that sweetpotatoes havinga higher being mealy (Chiang and Chen 1988). Hualien pastry, 
content of beta-carotene and total sugars and a lower a fiaous local proc-.;sed product, was made from mashed 
starch content were suitable for producing flakes (Chen swectpotato and beaa paste. Its quality and packaging 
and Chiang 19851,). material has been improved by the Hualien Agriculturad 

Experiment Branch Station. 
for breeding sweet-

These results could be useful 

potatoes. In order to improve the quality of swectpotatO French fry-type sweetpotato has been sold by some 
flakes, Chiang and Chen (I987a) used response surface fast food restaurants in recent years, but it is still not 
methodology to find out the optimal preheating condi- very popular due to difficulties in quality control. 
tion of swcetpotato strips. They found that if sweet- According to experimental results (Chiang and Kao 
potato strips were preheated at 78°C for about 35 nin 1989), the procedure for producing a better quality 
before steaming at I T0 french fry-type product is is follows. The sweetpotato0 C for 20 min, bulk density of the 
flakes was increased and dispersibility of rehydratcd strips arefirst blanched with I%sodium acid pyrophis
swcctpotato pastes was improved. This ay result from phale solution at 100*C for 2.5 min, then partially dethe action of stan:h hydrolysis by the residua alolytic hydrated by forced air at 120C fa.r 5 min, then frozen 
enzyme. The textural characteristics of mashed sweet- at -30°C, and finally, fried directly at 145-175"C for 2-6 
potato would be diffrent depending on varieties and m (Tand8d. 

or moistness of
processing conditions. The mealiness 

mashed pro)ducts might be predicted by the amount of The human consumption ofsweetpotatoes in Taiwan 
the water-soluble solid content (Chiang and Chen 1987b; will expand only if high quality and added-value pro-
Chen and Chiang 1988). ducts are developed. 

Table 6. Specific gravity and chemical composition of sweetlotato varieties. 

Moisture Crude ('rude Crude Total Beta-
Specific content protein fat fiber Ash NIE sugar Starch carotene 

Variety gravity (%) (%) (%) (%) (%) (%) (%) (%) (mg/100 g) 

TN-57 1.067 67.7 1.47 0.24 0.37 1.83 29.4 2.47 26.9 0.97 
TN-64 1.015 74.9 1.37 0.28 0.50 0.82 22.1 3.47 18.6 10.44 
TN-66 1.027 69.7 1.68 0.43 0.44 0.74 27.0 3.22 23.8 8.33 
64-4 1.059 65.8 1.21 0.33 0.37 0.88 31.4 2.27 29.1 trace 

65-46 1.041 63.8 1.20 0.48 0.45 0.70 33.4 1.72 31.7 trace 
66-73 1.065 63.3 1.42 0.36 0.39 0.90 33.6 1.83 31.8 trace 
69-11 1.039 69.7 0.89 0.40 0.67 0.88 27.5 1.75 25.7 trace 
69-12 1.068 63.8 1.02 0.39 0.56 0.82 33.4 1.86 31.6 trace 

70-203 1.069 63.9 0.91 1.55 0.68 0.78 33.2 2.16 31.0 0.80 
70-220 1.056 65.2 .1.24 ).61 (.69 0.82 31.4 2.08 29.4 0.29 
70-245 1.032 68.3 1.04 0.34 0.76 0.90 28.7 1.77 26.9 trace 
70-298 1.072 64.8 1.15 0.54 0.56 1.12 31.8 2.04 29.8 0.60 

71-5 1.073 64.5 1.52 0.51 0.56 1.06 31.9 1.95 29.9 trace 
71-66 1.030 68.6 1.89 (0.36 0.51 (3.81 27.8 0.94 26.9 1.53 
71-92 1.098 59.1 1.28 0.53 0.38 0.77 37.9 1.19 36.7 trace 
71-96 1.081 61.3 1.58 0.41 0.49 0.90 35.3 1.38 33.9 trace 

Source: Chen and Chiang 1985. 
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Table 7. Correlation coefficients for composition of sweetpotato and quality of sweetpotato flakes. 

Bulk density l)ispersibility Visco'sity 
Compositions (g/m1) (%) (c.p.) 

Specific gravity 0.004 -0.7571 -0.568 a 

Moisture (%) -0.068 0.740b 0.068 b 

Crude protein (%) 0.471 0.252 0.056 
Crude fat (%) -0.301 -0.243 -0.397 
Crude fiber (%) -0.504 a -0.069 -0.135 

Ash (%) -0.288 -0.437 -0.158 
NFE (%) -0.333 .0.829 b -0.7 5 3 b 

bTotal sugar (%) -0.101 0.7171) 0 .69 5 
Starch (%) -0.274 -0.854i -0.78 3 b 
Beta-carotene (%) 0.150 0 .9 2 3 b 0.814 b 

Source: Chen antd Chiang1985a. 

ap<0 .0 5 significant level. 
bf< 0.0 lsignificant level. 

Table 8. Comparison of oil content, color, and sensory evaluation of french fry-type sweetpotat, 
products. 

Frying Frying Oil 
temp. time content I luntcr color values Sensory evaluationa 

(OC) (min) ('i) Brightness (rccnness Yellowness color mouth feel 

145 6 17.6ab 73.2h 2.(X)ab 33.4a 4.67a 3.44a 
160 4 16.1b 76.0a 2.8,bc 31.7b 3.28h 2.72ab 
175 2 13.4d 76.7a 3.57c 33.4a 3.59)b 3.12ab 
175 4 14.8c 70.4c 1.48a 29.Oc 1.35c 2.29b 
190 2 13.Od 72.6b 1.65ah 29.5c 1.72c 2.50b 

Source: Chiang and Kao 190). 
aRated by a ten-member panel on a scale of 5:tc,,t and Izpoorest.
 
bMeans within acolumn followed by the same letter do not di ffer at the 5','
level 1y l)uncan's multiple range test. 
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Root and Tuber Processing, Marketing, 
and Utilization in the South Pacific 

F. BjornaI 

Abstract 

This paper describes the ,tatus of root and tuber processing, marketing, and utilization in some .selected 
Pacific counirics. The relative importance of various root crops grown is given. The small amount of 
processing is noted. The main reasons cited are small markets, limited supplies, long distances between 
production and consumption ccnters, and poor communication. Marketing of root crops is hmnpered by
difficult transport. Export is mainly of fresh produce to New Zealand. The root crops are utilized for 
human food, usually baked, boiled, or roasted. The present root crops project is supporting postharvest 
operation!: in addition to advising on increasing yields. 

Key words: South Pacific, cassava, sweetpotato, ariods, production, marketing. 

Introduction 

The South Pacific covers a vast area of ocean with many 
scattered islands. These islands vary considerably in 
population and size. The islands basically are of either 
volcanic or coral (atoll) origin. Among their common 
features are long distances between islands, expensive 
fares, and occasional disasters, e.g., cyclones. Some 
basic data on populations and land areas are given inTablsenI.As fom~n tesefigresmos oftheTa ble 1 . As can be see n fro m th ese b 

o ar smll igures, most of th eccounrie vry sall(wih te i~ssblc 
counties are small to very small (with the possible 
exception of Papua New Guinea), both in terms of 
population and size. 

Food and Agricultural Organizition of the United 
Nations (FAo) has supported root crops projects in the 
Pacific since 1973 (Fiji); a regional project conducted 
in 1980-82 (14 countries); and a follow-up project in 
1983-86. The current regional rot crop project, RASi86/ 
034, started in 1988 and will end in 1991. This latest 
project has as its objective to "support the governments 
in the region to further develop and promote the produc-
tion, utilization, and marketing of root crops within the 
context of sustainable cropping systems, so as to reduce 
trade deficits and so improve the socioeconomic welfare 
of small farmers..." (SIIN 1990). 

In Table 2are listed seven of the twelve countries 
participating in this project, and the various root crops 
grown. As can be seen from the table, there isvariation 
in the importance of the different crops grown. Emerg
ing from the table, however, is the fact that aroids play 
an important role inalmost all the countries. 

Some countries show almost no diversification at 
all concerning root crops, e.g., W. Samoa and Niue seem 

to rely heavily on asole crop Colocasia esculenta. Othero n r e , l kcountries, CookC ok IslandsI nd Tonga,g , h v e moree 
variation in their cultivation of root crops, but 'he avail
able data are limited. 

like a dsand T have m 

Processing, Marketing, 

and Utilization 

Utilization and Processing 

Very little processing is carried out in the countries 
concemcd, both in industrial plants and on the vil
lage/iousehold level. Moreover, converting root crops 
into more storable forms, e.g., by dehydration, is seldom 
carried out in homes today. The absence of seasonal 

Associate Professional Officer, Food and Agriculture Organization of the United Nations (FAO), RAS/86/034 Root Crops Development 
Systems, Apia, W. Samoa. 
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Table 1. Countries of the South Pacific: Populations and land areas. 

Population Areai 
Country (000) (kin2) 

Cook Islands 17.2 238 
Fijia 714.0 18,333 
Federatcd States of Micronesia 105.0 700 
Kiribati 75.0 684 
Marshall Islands 43.0 181 

Naurua 8.0 21 
Niue 2.3 259 
Palau 14.8 494 
Pqpua New Guineaa 3,000.0 462,840 
Solomon Islands 225.0 30,303 

Tokelau 1.6 10 
Tonga 95.0 670 
Tuvalu 8.0 24 
Vanuatu 142.0 12,000 
W. Samoa 16A.0 2,831 

Total 4,610.9 529,585 

Sources: Censuses and statistical abstracts 1986-89. 
alndicates not participating in present Root Crop Project. 

Table 2. Percentage of root crop land devoted to the different root crops in seven project countries. 

Country 

Crop Cook Is.a W. Samoa" "Ibngab Sol Isl.c Vanuatub Niue" Tuvalud 

Aroids
 
Colocasia 29 78 10 33 96 
 52 
Xanthosona 3 -- 31 n.a. I -- --
A locasia -- 17 1 --.... 
Cyrtospernma ............ 
 40 

Total aroids 32. 96 42 31 34 96 92 
Cassava 43 3 35 13 22 1 
Swectpotato 10 -- 12 36 15 1 8 
Yams 15 111 20 28 2 --

Total 100 100 100 100 100 100 100) 

Sources: a,989 Census; b198 5 Census; csmallhohlerProject; d1990 Statistical Abstracts. 

variation in production, with no definite harvest season, milk to form an edible dough. Large scde processing is 
seems to account for the absence of processing. not carried out to any degree. The reasons for this are, 

among others, that many of the communities are tooIn earlier days, root crops could be grated and left small and the production too low to sustain the raw 
on banana leaves to sundry, forming a storeable powder. material dcmands of a plant. Also, many ofthe countries 
This powder could later be mixed with water or coconut that on the whole could sustain a factory have transpor
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tation problems so that most of the crops would spoil 
before reaching the plant. Insomeof the larger countries 
that theoretically should be able to sustain plants, lack 
of capital, knowledge, and traditions seem to hamper 
the development of these industries. Finally, difficulties 
in land-ownership reduce the incentives. 

A little processing occurs in medium-sized plants. 
This consists of snack foods and is carried out by local 
entrepreneurs. A favorite among the W. Sarilo;n producers 
is making chips of Xanthosoina sagi "folium, although 
the supply of raw material is limited. "hc tcchnique 
applied is simple. Tubers are thinly sliced, deep fried in 
oil and then packaged in plastic bags. Similar operations 
are also carried outI in Tonga and the Solomon Islands. 

The bulk of the root crops are consMCd by tile 
grower and his famlily. Normally they are prepared by 
boiling in water, baking, or roasting in the traditional 
carth ovens. A little is used for aninial fecd in some 
countrics or processed at the village level. To get infor-
mation on how the root crops are prepared, the current 
project has had a consultant in agro-proccssing, Dr. D. 
Ampratwum, travelling in Federated States of Micro
nesia (FSNI), Tonga. Vanuatu, W.Samoa, Kiribati, and 
Tuvalu. The following is bascd on his findings (Amprat-
wum 1989). 

The traditional ways of prcparing the aroids (cole-
casia, Xanthosoina, Alocasia, Cyrtospernia) are boil-
ing, baking, or roasting. For boiling, the cornis are 
peeled, sliced into 2-2.5 cm thick slices, and boiled in 
water. The slices are served together with fish, meat, or 
vegetables, hot, or more ofhen, cold. 

Baking/roasting is carried out in tiletraditional 
earth oven. Corms are peeled, wrapped in leaves, and 
put into a pit in the ground on top of stones already 
heated from a fire. The pit is then covered with leaves 
and soil or sand, and the contents are cooked. Other 
uses of taros include peeling, grating, and mixing with 
coconut milk and/or banana or papaya, wr-apping into 
leaves, and baking in earlh ovens (sawapiaiain I:SM, 
buatoroin Kiribati, haplap in Vanuatu, ortakilit in Ninc). 

Sweetpotatoes are generally boiled or baked/roastcd. 
Boiled, peeled tubers may be mashed and mixed with 
sugar and flour into small balls and then fried (iSM). 
Grated sweetpotato, mixed with coconut milk, and some-
times green leaves and/or fish, are baked in cai1h ovens 
(laplap in Vanuatu,. 

Cassava tubcrs are pecl(d and boiled; also baked/ 
roasted in earth ovens. In :SM, peeled, sliced tubers are 
dried in the sun and pounded into tapioca flour. In Cook 

Islands and Vanuatu, starch is extracted by grating, 
adding water, and draining/drying. No fcrmentatiov 
takLs place. 

Yams are generally prepared boiled,bad, or ro,stea.
 
In order to facilitate more village level processing and 
introduce new foodstuffs to the area, e.g., fahrina and 
gari, a food technologist and a household consultant 
will be posted in the field. 

Livestock 

In order to determine the uses of locally grown foods 
for livestock, the project has had a consultant in four of 
the project countries. The following is based on the 
work of these consultants (Ochetim 1990). 

The consultant has also developed feed formula
tions for these countries based on their locally available 
resources. Root crops make up 20-30% of these feed 
formulations. The formUlations are available for chick
en (broilers/layers) and pigs. 

The livestock sector in the Pacific consists mainly 
of two types. First is the traditional type, where chicken 
and pigs roam about more or less freely. These animals 
are used for the family's own consumption, not for safe. 
Second, there are a few units practicing commercial/ 
semi-commercial pig/poultry fEarming, but these are gen
orally small-sized enterprises. 

The traditional system of pig and poultry farming 
gives little attention to feeding. The animals will have 
peels and leftovers and somctines help themselves in 
the root crop Ianis. Inthe Cook Islands, Solomon Islands, 
and Vanuatu, cassava is cooked and fed to the pigs. In 
Tonga, raw (often overmiature) cassava is fed to pigs. 

In Tonga, there is also one feed mill operting 
which uses sun-dried cassava chips as part of the dict. 
A sun drier for cassava (and other) chips exists at the 
Vaini research station, but it is little used. A feed mill 
(now closed down) in the Cook Islands uscd to operate 
using imported cassava chips. 

In the Solomon Islands, dried cassava is purchased 
by the LivLstock Development Authority for compound
ing pig and poultry rations. In ,anuatu,boiled taro is 
being uscd as a pig feed. 

The commercial/scm i-commcrciad tarrns rely heavily 
on imported feeds (cereal rich). To substitute these by 
making formulations based on locally available produce 
has been one of the current project's aims. 

97 



Marketing 

With little processing being carried out, most marketing 
consists of fresh produce. The domestic marketing varies 
from country to country. In W. Samoa, there are two 
large markets, one on each of the two large islands. 
Almost all produce to be sold is brought to these two 
markets. Very few village markets/roadside markets 
exist. The produce (mainly Colocasia) isbrought to the 
markets in coconut baskets. It is displayed in piles, each 
costing approximately US$ 4.3. The size of the piles 
will be adjusted according to the supply, with the price 
per pile being constant. Since nobody wcighus their piles, 
the prico per kg varies from pile to pile, from seller to 
seller, frtm time to time. Sometimes the variation is so 
big that the whole system loses its meaning completely. 

Under the current project, aStudy was nidc of the 

Samoaa ",mestic niaket (Lauina 1990). It was round 
that the supply oftaro was at its peak in the firstquarter 
of the year, gradually declining throigh quarters 114V. 
Prices ranged from US$ 0.27 kg to USS 0.98 kg. 

Lauina (199)0) also fo~and that transportation (from 


plantation to main road and from main road to market) 
was the main obstacle towards marketing according to
the sellers contacted. 

Supply fluctuations in the Samoan taro market are 
not uncoiamon, and as a result prices fluctuate. Thesefluctuations reflect planting procedures; most taro is 
latin relctherainsang (Novembrer-April)tan isplanted in the rainy seson (November-April), and aL 

supply of other crops such as breadfruit, substitute for 
taro during seasons when taro is not available. 

In Tonga there is quite another situation. There is i 
main market in the cipital, but also numerous roadside 
markets carrying a good selection of root crops. Table 
3shows thevolume and prices obtainedat theTalahamu 
market in 1985. 

As can be seen from Table 3, Xanthosoma and 
cassava are the main root crops at the market, the lowest 
priced being cassava. The supply of Alocasia has in
creased quite a lot since these figures were tfiken. 

It should be expected tha: some of the smaller 
Pacific countries would have difficulties establishing 
marketplaces, because of smal: population concentra
tions and limited purchasing power. In Tuvalu for in-
stance (population 8,000 on eight island.s), sweetpotato 
is sold through the cooperative store in the administra-
tive center of Funafuti, whereas the production takes 
place on another island. 

In Niue (population 2,300) there exists a small 

marketplace. This came into function after the Depart
ment of Agriculture initiated the construction of a roofed 
area. Since then there has existed a small, but lively 
market in Alofi two days a week. 

In the Cook Islands, on the main island of Raroton
ga, there is no maiket as such; but, on Saturdays, trucks 
and pickups park under the large trees by the roadside 
in the administrative center, offering produce of many 
kinds. 

Export 

As with domcstic marketing, mainly fresh, unprocessed 
produce is exported. Only three of the project countries 
have any serious export: W. Samoa, Tonga, atid CookIslands. Some data on their exports are shown in Table 4. 

Nearly 100% of Cook Island's and Tonga's and 
75% olW. Samoa's export goes to New Zealard. The 

buyers in New Zealand are generally Pacific Islanders 
living ttere.These buyers havea preference fortaro (the
 
most exported crop) grown on their own island. Theremaining 25% of W. Samoa's export goes to American 
Samoa/Hawaii, where the buyers also have ethnic link

ages. 

It is interesting to note the variation in price.s ob
tained (Table 4). The Cook Islanders get up to 3-4 times 
as much for their produce as the other two exporters. 
The reasons for this may be that there is an agent from 
a New Zealand vegeiable firm located in the Cook 
Islands. This meants good marikt information; set quality 
standards; the taro is sold at auctions; and it is also 
backed by promotion from the firm. Fun~ter, the taro is 
grown in paiddies and is reported to be of very good 
quality, clean of dirt and soil, and presented in nice 
packages. Also adding to the quality is the use of air 
freight, reducing postharvest losses because the time 
from harvest to sale is very short. 

The two other countries export larger quantities, but 
of more variable quality. Also the supplies vary because 
the New Zealand market is flooded with produce peri
odically, resulting in low prices. 

Other countries have started to develop interest in 
exports ct fresh produce In early 1991, a workshop in 
Vanuatu was held which focused on yams for export. 
This was organized by the Root Crops Development 
Project. 
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Table 3. Volume of root crops delivered and prices obtained in Tonga, 1985. 

Crop 	 000 kg Price US$/kg 

Yams 323 	 0.79 
Xanthosonia 680 0.20 
Colocasia 221 0.28 
Alocasia 2 0.30 
Sweetpotato 193 0.27 
Cassava 866 	 0.06 

Source: Opio 1990. 

Table 4. Root crop exports and earnings, average prices per t for Tonga, W. Samoa, and Cook 
Islands. 

Tonga (198'7) 

Volume (t) 798 
Earnings (USS) 280,0(X) 
Earning/t (USS) 35(0 

Source: Opio 1990. 

Some Samoan entrepreneurs are also at this time 
interested in developing produce for export, based on 
taro as a raw material. Peeled, blanched, and vacuum 
packed taro slices have been suggested. A mnin obstacle, 
however, is the fluctuation in supply of raw material. 

A little cassava starch is exported from Cook Is-
lands; it fetchs quite good prices. Inorder to determine 
the situation regarding marketing, the project has also 
had a consultant travelling to seven of the project coun-
tries. Most of the above information is extracted from 
this report (Opio 1990). 

Conclusion 
Roots and tubers are important food commodities for 
the South Pacific islands, although production of specific 
crops varies considerably from one location to another. 
Efforts to expand utilization and increase incomes from 
the sale of these commodities have focused primarily 
on improvements in local marketing infrastructure and 
exports rather than on initiatives to introduce large-scale 
processing. The limited supply of raw material and the 
logistical problems associated with its procurement and 
trnspxrt are the principal obstacles to the manufacture 
of processed products. Future effort. in the area of 
product developinc.it for roots and tubers in the South 
Pacific are likely to be small scale and build on the 
successes achieved in tihe fresh market-foreign and 
domestic. 

Country 

W. Samoa (1988) Cook Is. (1988) 

5,,.57 150 
2,327,0(X) 226,000 

397 1,506 
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Processing, Marketing and Utilization of Cassava 
and Sweetpotato in India 

C. Balagopalan,G. Padmajaand G.T. Kurup1 

Abstract 

Area planted and production of cassava and swectpotato in India started declining recently, while the 
per acre productivity of cassava has increased. A large variation in cassava and sweetpotato consumption 
exists between urban and rural areas. Information on consumption patterns for swectp'tato indicate that 
the bulk of production goes for human consumption. It is estimated that 70% of die total cassava 
production in Kerala is used for food; whcreas in Tamnil Nadu only 25% is used for human consumption.
The bulk of the production in Tamil Nadu and Andhra Pradcsh goes for industrial utilization. 

Approximately 17% of the country's total cassava production goes for animal feed. In industry, cassava 
is used as a raw material for a number of processed products such as starch, sago, liquid glucose, dextrin, 
Vitamin C, gums, and high fructose syrup. 

Research has been done to develop technology for the storage of fresh and dried cassava. Sweetpotato 
could be stored without sprouting and weevil infestation in sand, saw dust, wood ash, earth, and waste 
carbon paper in earthen pots. A hand-operated and a pedal-operated chipping machine, and artificial 
drying and peeling machines have also been developed. 

Protein-enriched food and feed preparations based on cassava were developed by blending cassava with 
protein sources and using solid state fermentation Pregelatinized and modi fied starches were also made. 
Technology for the production of ethinol from starch and thippi was perfected. Current processing
techniques of cassava and sweetpotato are described in detail. Research priorities for cassava and 
sweetpotato are storage techniques, waste recycling, fermented and non-fermented food products, animal 
and fish feeds, modernization of starch extraction units, and improved technology for the extraction of 
starch from sweetpotato. 

Key words: cassava, sweetpotato, demand and supply, 	diversification, processing and utilization, 
constraints, food, feed, industry, Indta. 

Introduction 	 state could be overcome by the introduction and popu
larization ofcassava, (-specially among the low-income 
group consist ing of small farmers and laborers engagedCassava (Manihotesculenta)was inttroduced into India 	 in hard physical labor. The ability of cassava to supply

either during the 17th century by the Portuguese or 	 adequatecalrriescheaply encouraged its use, especially 
brought from South America in 1840. However, itspread 	 among vulne. ble social groups. When the utilization 
as a cultivated crop after a royal proclamation by Shri. of cassava as food had attained full momentum in
 
Visakhom Thirunal (1882-85), the ruler of Kerala, the Kerala, itemerged in industrial use in the neighborin,
 
then princely state of Travancore. Shri Visakhom Thirunal state of Tamil Nadu.
 
realized that the problem ofrice shortages in Travancore
 

Division of Postharvest Technology, Central Tub- Crops Research Institute, Thiruvananthapuram 695 017, Kerala, India. 
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Industrial utilization of cassava throughout India 
started during the World War II,when the manufacture 
of starch and flour was initiated to overcome the non-
availability of corn and potato starch from the western 
couraies and cassava starch from Indonesia which were 
used in textile mills. When the Government of Travan-
core hi~troduced control over the export of cassava pro-
ducts to ensure their availability as cereal substitutes, 
some areas in Tamil Nadu developed cassava proccss-
ing plants. At this stage, cassava cultivation crossed the 
boundaries of Kerala and spread to the states of Tamil 
Nadu and Andhra Pradesh. The migratory habits of the 
people of Kerala also helped in cassava's spread to the 
other regions, like the northeastern hill provinces. Now, 
India ranks sixth in the total world production vf cas-
sava. Cassava is slowly spreading as an industrial crop 
to many other states. 

Sweetpotato is also believed to have been intro-
duced to India by the Portuguese. Unlike cassava, sweet-
potato is grown throughout the country a a secondary 
food crop. Sweetpotato has yet to be use, in industry, 

Area Planted,
Production, and Yield 

Kerala and Tamil Nadu contribute 95% of the growing 
area and 99%ofthe production ofcassava in India (Map 
I), while seven other states, Assam, B1har, Kamataka, 
Madhya Pradesh, Maltraishtra, Orissa, and Uttar Pradesh, 
account for 89% of the growing arrt and 88% of the 
production of sweetpotato (Map 2). 

Cassava 

The area under cassava cultivation increased steadily 
and reached its maximum in 1975-76. Thereafter, the 
area started declining, and the area index dropped to 
76.5 in 1987-88. Production indices also extibitcd a 
steadily increasing trend until 1975-76, then fell sharply 
over the next two years. The indices of area under 
cultivation, production, and productivity indicate that 
between 1970-71 and 1987-88 area and production had 
a decreasing trend while productivith i,,reascd. Spe-
cifically, while aret had a 1.7% and production a 0.6% 
negative rate of change, the posiltve growth rate for 
productivity was 1.2%. However, the widc range of end 
uses of cassava in the starch and starch-based industric.s 
and the potential of cassava as an allernativ resource 
in alcohol production and in animal feed formulations 
have, in recent years, gencrated an interest in this crop 
in sonic states where cassava has been of little impor-

tance. If this interest is translated into actual production, 
the present declining trend in cassava production could 
be reversed. 

By 1986-87, the area under cassava had gone down 
to 205,800 ha with a corresponding reduction in produc
tion to 3.5 million t. Productivity of cassava per hectare 
has increased from 15.5 t/ha during 1971-72 to 19.3 t/ha 
during 1987-88. 

Sweetpotato 

Unlike cassava, sweetpotato is grown throughout the 
country. Area planted and product;on ofsweetpotato in 
India has recently declined. In 1%0-81, the country had 
an area of 0.208 million ha under the crop and p.,3duc
tion was 1.5 million t. In 1986-87, the area was reduced 
to !ess than 0.2 million Ia and production had fallen to 
1.2milliont.Sweetpotatoproductivityinlndiaisalmost 
50% of the World/Asian average (8.16 t/ha). The crop 
occupies only about 0.11% of the total cropped area of 
the country. Even though the crop is grown in most 

states and union territories of India, the bulk of area and 
production are confined to Orissa, Bihar, and Uttar 
Pra desh (Map 2). 

CurrentUtilization Patterns 
of Cassava and Sweetpotato 

Cassava in Food 
In 1882, immediately after the Royal proclamation about 

the importance of cas.ava by the Maharaja of Travan
core forsupplementing food grain production, therewas 
a ,low change in the food habits of the poor'r segments 
of the population. During World War land II, there was 
an increased dependence on cassava when rice imports 
were cut off. But eventually cassava became an impor
tant subsidiary food, even in normal years. Ina National 
Sample Survey (1977-78), it was observed that the 
average 30-day cassava consunmption per capita was 
5.55 kg in rural areas and 2.59 kg in urban areas. The 
utilization pattern oi cassava indicated that about 3 
million t of cassa'a wcre Lscd for human consumption 
in 1981. Comparativety, c capita consumption of rice 
did not vary much betwcen ti. aii and rural areas. The 
28th round ofthe Ni:liot:i- Sample Survey indicated that 
per capita consumption of rice was 845 calories in rural 
areas and 840 calories in urban areas, while for cassava 
it was 366 calorics in rural areas and 190 calories in 
urban areas. A food habit survey conducted by a re
search group indicated that the average daily consump
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Map 1. Cassava production in India, 1986-87. 
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Map 2. Sweetpotato production in India, 1987-88. 
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lion of roots and tubers by adults was 175.3 g; school 
children, 120.8 g; and pre-school children, 30.9 g. 

It is estimated that 70% of the total production in 
Ken.ala is used for food, whereas in Tamil Nadu only 
25% is used for human consumption. 

Cassava in Feed 

In spite of the scientific knowledge generated aboui the 
possibilities of utilizing cassava as a carbobydrte sup-
plement in animal feed formulations, feed manufac-
turers do not utilize cassava because of its high cost 
relative to other carbobydrate sources. But the practice 
of in situ utilization of ci:..;ava in animal feeding exists 
in the villages of Kerala. In a survey conducted in 1977, 
'0% of the cassava retained by producers was set apart 
for consumption, 17% was used for animal feed, and 
13% was given to wage laborers and servants. Farmers 
with a land holding of 2.4 ha used 36.0% of their 
retention for feeding livestock. 

Cassava inIndustry 


Cassava is used as a raw material for a number of 
processed products such as starch, sago, liquid glucose, 
dextrin, Vitamin C, gums, and high fructose syrup. 

Tile Indian textile bulletin shows thai corn starch 
dominates the starch ndustry approxinately in the niti 

of 10: 1 for cornand cassava. In I98 and 1981, cassava 
starch production was, around I10,0(1)0 t. The present 

production of cassava starch in India should be more 
Mhan 300,0(X) t (including.sao), or about 37( of annual 
cassava production 

Sweetpotato Utilization 

The bulk of swectpotato production goes for human
consumption, according to available information. Sweet
potato is processed in different forms and consumed. 
Only the vines are fed to cattle. Not a single industrial 

unit functioning ir India utilizes swcetpotato. Since the 
technology for the effective separation of starch from 
sweetpotato is still in the rudimentary stage, sweet
potato isnot in a position to compete with othersources 
of starch. Very recently swectpotato flour has reporlcd
ly started arriving in commercial ma:kcts in India. Its 
usefulncss in pure form or as a blend in various flour 
preparations h s to be explored, and research isunderway. 

Supply andDemand Projections 

Projected Area of Cassava 

Realizing the importance and potential of tuber crops, 
in 1976 the National Commission on Agriculture (NCA) 
projected the production possibilities of cassava and 
swcetpotato in IV,85 and 2000 (Table 1). 

Projected yield increaises for cassava and sweet
potato are not beyond the feasible. Already, research 
results from the Central Tuber Crops Research Institute 

(UIruRI) indicate that a caissava yield of 40 t/ha can be 
obtained by a scientific package of practices. Simiharly, 
a few promising sweetpotato cultivars have yielded 
about 20 t/ha in experimental plots. However, the cur

rentpositionoftubercrops is notas NCA projected. Both 
area planted and production of cassava and swcctpotato 
in 1987-88 were much less than NCA's projected levels 
for 1985. Though productivity during 1987-88 has in

T.able 1. Production i)rojections and levels ol)taited for cassaiva and sweetpoltato, 1985-21H)0. 

Avcraec of Eslinmtc of' Obtained Lstimate of 
1()6()-70 N(A 1985 1987-1988 NCA 2(XX) 

Cassava 
Area (M(X)ha) 
Production ((XX) t) 
Produclivity (t/ha) 

Siveet[Ritato 
Area (0MX) ha) 
Production ((X)O 1) 
Productivity (I/ha) 

351 650 
5,300 18.20) 

15.5 28.0 

230 3140 
1,800 4,300 

8.0 14.0 

Source: Report of tleational(Lornmji,%Aion on Agricuhure (Iart 1, 

Atistry of Agricuhtureand Irriatimn,. New )elhi.
 

270 

5,212 

19.3 

163 
1,254 

7.7 

1970). 1'uluF, by 

I,(XX) 
49.(X) 

40.0 

5(X) 
10,000 

20.0 

ho'ernnent(fhfia. 
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creased in the case ofcassava to 19.3 /ha from 15.5 t/ha, 
productivity of sweetpotato has declined slightly. More-
over, because of the sharp decline in the area under 
cassava and sweetpotato cultivation in all states, it may 
be difficult to achieve the targets set by NCA. 

Demand Projections 

Changes in demand for cassava for human consumption 
occur through changes in population, income, relative 
prices, ,as well as tastes and preferences (George 1988). 
Some of the cross section consumption surveys have 
indicated a negative relationship between cassava con
sumption and income. While there will be an increase 
in cassava consumption for the low-income groups, 
improved income levels of middle class families and 
changes in income distribution will reduce cassava con-
sumption with an improvement in the availabilityof rice 
and other cereals. In Kerala the demand for cassava has 
been depessed during the last fw years. It is also 
assumed that given no major changes are foreseen in 
consumer tastes and preferences, population changes 
will be the major factor influencing cassava consumption. 

A detailed study for the supply and demand of 
cassava in India was made by George (1988). The 
projected area for cassava for 199) indicated a lower 
bound of 288,100 ha and an upper bound of 354,0(X) ha. 
The lower and upper bounds ofarca for 20(X) are 2-57,6(X) 
and 406,400 ha. The NCA estimated that by 20(0) area 
planted under cassava could reiich 1 million ha. Since 
the average area during the period 1986-87 was only 
205,800 ha and growth ra v,declined during tile 198(,0s, 
it may be difficult to aclucv( the targets set by NCA. 

assava ispredominantly a lood crop in Kermla and 
the Kanyakumari District of Tamil Nadu. With the in-
creased availability of food grains inKerala, the demand 
for cassava ha;s decreased considerably. But the popula-
tion growth rate in Kerala will be a major contributing 
factor to cassava utiliz~ation. It is estimated that the 
demand for cassava for human consumption would 
increase at an annual rate of 1.5% so that the quantity 
demanded in 1990 and 2000 would be between 3.3 and 
3.9 million t (George 1988). The current use of cassava 
for starch preparation is about 1.3 million t. 

From the starch manufacturers' point of view, there 
cannot be a substantial increase in the demand for 
cassava because corn is preferred. Still, interest shown 
by industrialists in modified starches, high fructose 
syrup, Vitamin C, and maltodextrins will open new 
avenues in the utilization of cassava in India. Moreover, 
projected demand of ethanol to the tune of 800-9(X) 

million liters during 1995-2000, from the existing 600
700 million liters produced from the short supply of 
molasses, may create a situation that depends on cas
sava and swectpotato as alternate sources of ethanol. 

But in the aninml feed sector, cassava and sweet

potato have considerable potential. It is estimated that 
the shortfall in animal fccd concentrates will be 5.8 
million t by 2000. If 25% of this deficit could be made up from cassava and sweetxtato, there is a demand for 
about 1.4 million I of dried cassava and swectpotato 
which is equivalent to 3.9 million t fresh weight. 

Current Processing Research 

Storage and Preservation 
One of the main constraints inthe utilizition ofcassava 

tubers is their rapid perishability due to biochemical 
changes and microbial infestation. This often results in 
an inadequate remunerative price because farmers are 
forced to dispose of the produce without bargaining. 
Besides cremting utilization problems at the home, %,il
lage, and industrial levels, transpowt of cassava is also 
restricted. Research at (C1IRI showed that fresh tubers 
could be effectively stored in sand or soil pits. Tubers 
harvested along with a one-foot stem were stored in 
three layers in tile pits and covered with sand or soil. 
The moisture content in soil or sand was maintained at 
10-15% by occasional sprinklingof water(Balagopalan 
and Padmaja 1985). 

Conventional systems of storing casava productshave also been evaluated at (l1U.RI. Metal containers and 

polyethylene lined bags were found most effective for 
storage of chips up to WA)days. High den.sity po)lycthylene 
and polyimpregnated bags resulted best for the storage 
ofstarch up to 180 days. Recent experimental evidence 
has also demonstrated the mssibility of extending the 
shelf life of cassava tubers in pxolyethylene bags after 
treating with Mertect. These techniques are intended to 
ensure better utilization of cassava in urban area~s. 

Approximately 23.8% of sweetpoltato is damaged 
during harvest. This cr.hanccs rotting during storage. 
The affected swcetpotato roots can be easily recognized
by their water soaked appearance and mushy decay, 
sometincs exuding a mildly alcoholic odor. Storage rot 
is higher in room storage than in ventilated yards. At
tempts have been made to reduce such damage during 
storage. One experiment tested sweetpotato roots stored 
for 90 days in saw dust, red carth, earthcn pots, wood 
ash, white sand, local earth, and waste carbon paper. 
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Local earth was found to be the most economical media 
(Mukerjee and Prasad 1972). 

Sprouting and rots are common during the storage 
ofsweetpotato. Storagestudiesconducted inIndiashowcd 
that the weight loss of sweetpotato roots stored for 30 
days could be reduced fiom 25-73% to 7.94% by storing 
them in sand. After 60 days storage, the weight loss was 
41.9% under ambient conditions and 13.22%7, by storing 
in sand. After 90 days the weight loss was 50% under 
ambient conditions of storage (Daval ct al. 1990). 

Swectpotato weevil, Cylas formicarius, is a very 

serious storage problem for sweetlptato. Harvested tubers 
may contain any of the life stages of weevil which will 
damage roots during storage. Such roots are very bitter 
and unfit for consumption. L)ss of water and shrinkage 
are other changes caused by weevil infe'ation. Re-
search at CTCRI showed that swcetpotatoes heaped on 
the floor of a godown and completely covered with 5 
cm depth of dried red carth (1:4 wt/wt) or wood ash (1:1 
wt/wt) were free from weevil infestation and dehy'dr-
tion for two month,; (Rajamnima 1984). Roots free from 
weevil infestation sclccd immediately after harvest and 
cured in the sun for about 6 hrs are used for such storage. 

Primary Processing Equipment 

'The conventional mode of preparation of cassava chips 
is slicing the tubers with hand knives. This method is 
time consuming, labor-intensive, and often leads to 
uneven and delayed drying. For large-scale preparation 
ofchips, manually operated and motor-driven chipping 
machines have been found to be highly efficient. A low cost, hand-operated chipping machinewats developed at 
CTCRI. The machine is used to produce round chips of 
varying thickness. Field tests conducted in different 
villages showed that the average rate of acceptability 

was 81.2% (Nanda 1985). C'IcRI has also developed a 
pedal-operated cassava chipping machine which can 
process 350 kg/hr. A vertical feed-type, power-operated 
chipping machine was developed at Tamil Nadu Agri-
cultural University (INAU), Coimbatore, India. The chip 
thickness can be varied from 1-40 mm and the rapacity 
is 270 kg/hr. TNAtL has; developed a cassava peeler 
whichconsistsofacylindrical rotor fitted witha number 
of cutting blades. The peeling efficiency of the machine 
is 83% and it has an average production of 950 kg/hr. 

Drying of Cassava Chips 

Sliced cassava .hips are usually dried in the open air 
undersunlight on cement floors, bamboo mats, and rock 

surfaces. Depending on weather conditions, it takes 2-5 
days to dry chips. The recovery of chips is usually 
38-40%; however, contamination by air-borne dust,
dirt, and microbes is common. Moreovcr, it is difficult 
to bring moisture down to a safe storage level of 14% 
or less by natural drying. This can be better achieved by 
combining natural drying with solar or electrical drying. 
(ICRI has developed an clectrically operated dryer which 
has a holding capacity of 1 m3 and issuitable for drying 
up to 500 kg of fresh chips. Moisture content can be 
brought down from 65-74% to 12.2-13.8% within 24 hrs 

of drying. 

Processing Techniques
for Hydrocyanic Acid in Cassava 

Although the toxic properties ofcassava are well recog
nized, cassava is eaten in different ways in India. Re
search was done at CinRI to select the best processing 
technique to reduce cyanoglucosides to the minimum 
level. Cyanide retention was maximum in the tubers 
which were baked, steamed, or fried. Dried chips and 
boiled cassava tubers had low residual cyanide (Nam
bisan and Sundaresan 1985). 

Food Products 

Balanced Food 
The high incidence of protein caloricmalnutrition and 
nutritional diseases amongchildren indevelopingcoun
tries calls for effective seps to improve the quality and 

uantit of diets. It is well known that the most vulqultiyofdesItiwllkwnhathmstv
nerable group to be adversely affected by nutritional 
deprivation are pregnant ai' lactating mothers, and 
children. Among the various strategies that have evolvedto combat malnutrition, enrichment of cassava dietswith protein has assumed considerable significance. 
Investiations carried out at the Central Food Tech
nologialionsarch ottte CcnUnd Food Tcch
nological Research Institute (Ct'TRI) and Food and Nu
tritional Laboratory, Hyderabad, India, led to the 
formulation of the following non-conventional foods. 
Flours madeofcassava (45%), wheat (20%), groundnut 
(25%), and Bengal gram (10%); and flours inade of 
cassava (70%)and groundnut flour (30%). These food 
items produce a balanced nrtion consisting of 15% 
protein and 10 calorics. These protein-rich food for
mula, are being adopted to replace imported "Care" 
food by indigenous foi mulations like Balahar.Kerala 
Indigenous Food's (KIF, Pushi Alta is another balanced 
food mixture of wheat flour, cassava flour, and ground
nut flour (Balagopalan et al. 1988). 
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The Sago Fortification Project of Salem, India, has 
developed technology for producing fortified sagowith 
a protein content of 14-16% and a protein efficiency 
ratio (PER) of 1:7 to 1:9. The sago is further fortified 
with vitamins and minerals. The project has achieved a 
fortification level of 1500 lu. of Vitamin A in the final 
product which also contains appmpriate levels of Cal-
cium, Phosphorus., and Iron. These food formulations 
satisfy all the requirements for a weaning food 
(Balagopalan et al. 1988). Enriched noodles and ver-
micelli containing cassava starch, wheat flour, soya 
flour, groundnut flour, Vitamin A, calcium, phosphorus, 
and iron have also been prepared by the Sago Fortifica-
tion Unit. 

Nutritious food mixes have been developed utiliz-
ing cassava starch and mixing inlocally aviflablc cereals 
like bajraand corn. Further enrichment is done using 
groundnut flour. The cereals, cassava starch, and ground-
nut flour are roasted and then mixed withjaggery(sugar 

canejuice) in equal prox)rtions. The products have been 
found to have excellent taste and are readily acceptable 
to children. 

Enriched Gold Finger 

In the traditional process of manufacturing ordinary 
gold finger, 50% wheat flour and 50% cassava starch 
are used. Successful attempts have been made to sub-
stitute the 50% wheat flour with soya flour and edible 
groundnut flour to maxe it more nutritious. 

Cassava Riitlz 

In order to promote the consumption ofcassava in urban 
area.s, it is essential to develop instant and modi fied food 
products based on cassava suited to the requirements of 
urban people. Cassava rava,a pregclatinized prcpara-
tion, prepared and modified by CiCuI, is one attempt in 
this direction. CIRt has also developed an instant, 
pregelatinized flour preparation to produce an instant 
porridge. 

Sweetpotato Food Products 

Research to develop novel sweetpotato-based food pro-
ducts has not gained the attention of scientists in India. 
The traditional method of consumption continues in 
rural and urban areas. However, since sweetpotatoes are 
an indigenous, inexpensive food rich in calories, an 
attempt was made to prepare and incorporate swectpotato 
flour in South Indian and baked recipes (Arunaseralathan 
and Thirumaran 1988). 

Other Uses 

Cassava in Animal Feed 

To enhance the protein content of cassava and cassava 
starch factory wastes, thippi, for use in animal feed, 
microbial techniques have beendeveloped. Itwas found 
that TriclodermapseudokoningiicoulJ grow profusely 
on ca:,.sava flour. Ananimal feed containing 6-8% protein 
was developed by mixing this flour with thippi in a 
50:50 ratio and converting it in the presence of nitrogen 
(Bagahupalan and Padmaja 1988). Broiler feeding trials 
conducted with sC'P-enriched cassava feed showed that 
itcould fully meet the requirement of broilers (Padmaja 
and B.dagopalan 1990). 

Fresh cassavaand sweetpotat( can be successfully 
ensled and preservd in the presence of suitableabsor
bnsIt a found th ccav trsued with 
wilted cssava leaves and paddy straw (80:20) could 
rife vnlafer 72 dysf cniig 
remain frc ;h cnaftcr 72 days of cnsiling.
 

Cassava in Industry 

Although cassava starch and its derivatives are widely 
used for a number of industrial applications, the un
stable viscosity leading to a long cohesive nature often 

tends to rate it as inferior to corn starch by textile 
indu:;tries. Research at C'icRI could modify the un
desirable properties of cassava starch (Moorthy 1985). 

Ethanol from Starch and Thippi 
Viable and economical techniques have been developed 
by C'IUI and C(tRI, Mysore, for the production of 
ethanol from cztssava flour and thippi (l)nsane and 
Ghildyal 1990). 

Treatment of Waste Water 
Successful attempts have been made at CIUI for the 
effective detoxificationand purification ofwastewaters 
from starch factories which cause enotmous environ
nal pollution. 

Current Processing Techniques 

Primary Processing 

Since fresh cassava tubers deteriorate withir a few days 
after harvest, they are sliced into small pieces or chips 
and dried in the sun. The dried chips can be preserved 
for monthIs and consumed aftcrgrinding into flour. They 
are also used in industry for starch, dextrin, and glucose 
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Edible cassava chips in India are of two types. 
White chips are obtained by removing the outer skin of 
the tubers, slicing, and sun drying. Parboiled chips are 
obtained by immersing the chips in boiling water for 10 
min beire drying. Parboiled chips arc easier to store 
than wthite chips. 

There is not much uniformity in the preparation of 
cassava chips in different localities. The variouLs chips 
available in the raarket can be broadly grouped into the 
following categories, although names may differ in 
other regions. 

Iritty-type Outer skin is removed, 

Vella Both ind and skin are removed, 

Chilta Both rind and skin are retained, 

Vella chips usually obtain a better price when com
pared to the other chips becau.se of their bright color. 
Chilta and iritty are used for the cattle feed industry. 
Under conventional practices, cassava tub ,rs are sliced 
with hand-knives, with orwithout peeling the outerskin 
and rind. Chips are then dried under the sun. However,this method is tedious and time consuming, and leads to

thismetodan s tdioutie cnsumng~nd cad to 
uneven and delayed drying because chips are produced 
in various forms, sizes, and shapes. 
Cassava Drying 

The sliced tubers are usually dried in the open air under 
sunlight by spreading in a single layer on cement floors, 
bamboo mats, rock surfaces, or sometinies even on bare 
earth. Chips dry better on rocks because they dry white 
in color and take less time. Depcndi ng upon the weather 
conditions, it takes 2-5 days to dry the cassava chips,. 
Contamination by air borne dust, dirt, and debris cannot 
be entirely avoided during sun-drying, especially on 
windy days. 

Secondary Processing 

Cassava Flour Preparations 

Cassava roots are first boiled in water, then sun dried. 

The dried roots are then pounucd or ground into flour 
to be used for various preparations. 

Traditional Indian foods, such as chappatihis,up-
puma,puttu, and dosa, can be made from cassava flour. 
Cutlets are made by mincing the grated roots and mixing 
with fried onions, cashew nuts, black gnm, and coriander 
leaves. The mixture is then made into b,ills dusted with 
maida flour and lightly fried. The flour can also be used 

for nmking breads, biscuits, salad dressing, custard pow
der, ice cream powder, flakes, and v,.rmicelli. 

Cassava starch 
Cassava starch manufacturing in India is divided into 
te following stages. 

Wtshingnl peeling the roots to removeand sepait 
Washing and h rotctive anderasasling 
all adhering soils and as mar.h protective epidermis as 
necessary. 
Rasping to destroy the cellular structure and to rupture 

the cell walls to release the starch as discrete, un
damaged granules from other insoluble matter. 
Screening or extracting to separate comminuted pulp 

into two fractions, waste fibrous material and starch 
milk. 

Purifying or dewatering to separate the solid starch 
granules from their suspension in water by sedimenta
tion or centrifuging. 

rying to remove sufficient moisture from the dampstarch cake obtained during thle separ-ation stage so as to 
reduce the moisture content from 35-40% to 12-14%,
redch is ureotent frog-ter tora-1% 
which is a level low enough for long-term storage. 
Finishing operations such as pulverizing, sifting, and 
bagging. 

Manufacture of cassava starch is mostly carded out 
in three types of establishments. The first is cottage 
industry where work iscarried out entirely by rudimen

try hd us byenle by dork caed 
tary hand tools, usually operated by a single family and 
producing50-60 kg of crude starch per member per day. 
The second type, s c -. rise, produces about 
5-40 t of tubers per day, mainly because of more effi
cient rasping. This is done by using a prime mover of 
about 20 hp that needs little skilled labor. The third type 
is the large-scale factory which may sometimes operate 
its own extensive plantations, thus assuring a regular 
supply of raw materials processed using modem equip
ment. The third type of mill processes about 100 t of 
roots or more per day. 

Sago 
Sago is a processed food starch marketed as small 
globules or pearls. Sago is manufactured in India from 
cassava starch. For the manufacture of sago, wet starch 
is dried in the sun to a moisture content of 40-45%. This 
is made into small granules by shaking in power-driven 
globulators. In small units, globulation is done with 
10-15 kg starch. The globules vary cosiderably in size 
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and are sieved through standard meshes. The next step 
is partial gelatinization which is carried out on shallow 
iron pans with oil. These are then heated on fire. The 
granules arcstirred continuously for 15 minandarethen 
dried in the sun or oven. The sago roaster developed at 
Tamil Nadu Agricultural Universiiy consists of a feed 
hopper, drying cylinder, and electrical heating coils. A 
temperature of 170°C with a retention time of 3 min is 
enough for obtaining unifomily roasted sago. 

Liquid Glucose and Dextrose 

Liquid glucose, containing products of incomplete hy-
drolysis ofstarch, and dextrose are produced in most of 
the large-scale processing units. The moist starch slurry 
is directly subjected to acid hydrolysis at pH 1.8-2.0 and 
a temperature of 160*C. Liquid glucose is used in India
by many food and confectionary industries. 

Dextrins 

Cassava starch is used for producing dextrins of good 
solubility, neutral flavor, and good adhesive qualities. 
This is obtained by mildly heating starch with an added 
catalyst at 80-1200C. 

Animal Feed 

In India under the Operation Flood Program, 38 feed 
milling plants have been established in different parts 
of the country. Aiso there are about 138 mixing plants 
in both the private and public sectors. Cassava has 
already been accepted as a cattle feed ingredient by ISl 
(Standard No. iS-1509-1972 and ts-5064- 1960) and can 
thus be incorporated as one of the ingredients -asa grain 
substitute. However, the cost of cassava is higher in the 
animal feed raw material market and hence isnot selected 
in least-cost formulations. 

In situ utilization of cassava after cutting into small 
pieces ani boiling or pulping and boiling for feeding the 
animals is a local practice in Kerala. Feeding cassava 
along with the proper protein supplement could enable 
cassava to be used in the least-cost feed formulations. 

High Fructose Syrup, 

Oxidized Starch, and Vitamin C 


Recently licences have been issued in India for the 

industrial production of high fructose syrup, oxidized 

starches, and Vitamin C utilizing cassava starch. 


R&D Areas that 
Require More Support 

The major factors contributing to the slow growth of 
cassava and swectpotato are the easy availability of 
cereals; increased standards of living; lack ofana ssured 
market; and, high returns from cash crops. Diversifica
tion ofcassava and sweetpotato for industrial uses is the 
major alternative to the existng situation. Thcrefore, the 
future research and development (R&D) strategy for 

cassava and sweetoxtato in India will be the exploitation 
of these crops for non-conventional food, fRed, and in
dustrial uses. Some ofthe majorareas arediscussed below. 

Cassava 

Storage Techniques 
Fresh cassava roots deteriorate within a few days after 
harvest duo to physiological and microbiological reasons. 
In order to facilitate the overseas transport and land 
transport of the produce from the site of production, less 
expensive trutment technology has to be developed. 

Instant and Convenience Foods 
The demand for ready-to-cat foods is on the increase in 

India with people having less spare time and better 

purchasing power. Food items like cassava rava, cas
sava chips, pregelatinized starches, and instant food 
mixes, may be able to compete in this market in the near 
future. Hence, priority could be givec to improvising 
these products and popularizing the food products made 
out of them. 

Fermented Products for Food and Industry 

Fermented food products based on cassava could also 
be developed to help increase the food uses of cassava. 
The potential for industrial ethanol production needs be 
effectively tapped to mcct the acute shortage of in
dustrial and potahle ethanol. Efforts should be made to 
produce high fructose syrup made from cassava starch 
on an industrial basis. 

Development of Animal and Fish Feeds 

Ensiling which ensures the nutritional superiority for 
cassava over other storage methods can be evolved as a 

viable model system to promote in situ utilization as 
animal feed. Enrichment ofcassava with microbial pro
teins, in addition to reducing feed costs, will help in 
sparing a costly protcinaccous human food item, fish. 
Ience, scl'-cnriched feeds can be developed for broilers, 
layers, cattle, etc. 
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The primary factor inhibiting the use of cassava in 
compound feed mixes is its price in comparison to corn 
and other cereals. This can be solved to a large extent 
by using thippi (flour mixes in animal feeds). Pelleted 
cassava chips can be transported to distant places due to 
less chance of damage, and low volume to weight ratio. 

As aquaculture has gained momentum in India, 
there is an urgent need for developing cheap artificial 
feeds for fish. Cassava starch with its highly adhesive 
nature isan ideal carbohydrate supplement in fish feeds. 

Modernization of Processing Factories 

Most of the unit operations for the manufacture of 
starchlsago are obsolete and labor-intensive. There is a 
need to modernize processing equipment. Development 
of electronic equipment to indicate starch content will 
help to protect the interests of producers. Solar drying 
systems can ensure the production of good qtulity starch/ 
sago. The luster of finished sago depends to a large 
extent on the drying time and method. Sun-drying often 
imparts color, a bad smell, and microbial contamination 
to sago. These dam-wes can be prevented in solar and 
e!c.,tr cA1 dryers. 

Liquid Glucose 

In the production of liquid glucose, acid hydrolysis of 
starch is practiced in many industries. This often results 
in corrosion of machinery and other handling problems. 
Reversion of end products and high energy consump-
tion during saccharification could be eliminated if effi-
cient enzyme hydrolysis of starch is undertaken. It is, 
therefore, necessary to develop ancillary industries to 
produce superior-grade starch saccharifying enzymes. 

Waste Recycling 

In view of the pollution potential of cassava processing 
units, effective recycling ofwaste water needs attention. 
Efforts have to be made to reduce BOD and COD of the 
effluents and detoxify the cyanide present in it. Such 
non-toxic effluents can find use in irrigation and fish 
rearing. 

Sweetpotato 

Food 

Sweetpotato is directly consumed as a processed food 
item in India. No attempt has been made in the past to 
produce secondary processed foods. One of the main 
constraints faced in the utilization ofsweetpotato is the 
poor extractability of starch. The extractability ofstarch 

from swectpotato very seldom exceeds 50% of the 
values recorded by chemical means. Phenolic oxidation 
and its effect on the starch color is another minus point. 
Novel methods for the maximum extraction of starch 
and removal of unwanted colors will enable its utiliza
tion i~l various food industries. 

Development ofswectpotato-based, home-scale, pro
cessed food products will also ensure better utilization. 

Animal Feed 

Approximately 20-25% of iotal production is lost either 
due to damage during harvesting or to weevil infesta
tion. Utilization of damaged tubers after developing a 
proper cnsiling technology could ensure conservation 
and diversification of this produce for animal feeding. 

Fermented Products 
Techniques for the production of novel products like 
citr;cacid, monosodium glutamate, high fructose syrup, 
Vitamin C, and ethanol from sweetpotato must be stand
ardized for thdr utilization in industry. 
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III. Assessment of Processing Potential
 

Perhaps the most criti.,-: stage in all of product development concerns the initial evaluation of 
different possible prodltuids and processes. The most appropriate region or area to begin such 
work and the final market to be targeted are among the principal questions that need to be 
answered. Often this tast is all the more intimidating because little information of this nature is 
readily available for root and tuber crops in most developing countries. Furthermore, once a 
decision ismade, the resources available must be concentrated on the development of the nost 
promising alternative. Under such circumstances, a user-friendly approach to identify the 
product or process with the grealt:st potential can considerably enhance the chances of success. 

This section addresses the issues of market, technical, political, and social potential for 
product development for root and tuber crops in two ways. First, it presents a framework for 
conducting such assessments. Second, exanples of work done on specific products in pa! 1.cular 
countri,-s provide an indication of what such assessments entail. 

As Christopher Wheatley and Gregory J.Scott po. ',out in Identification of Product Oppor
tunities, options for processing and marketing produ, made from roots and tubers often are.s 


more numerous then initially realized. They go on to present a systematic approach to oppor
tunity identification considered to be thorough, yet inexpunsive and designed for rapid genera
tion of results. Their paper includes an invent.ory of possible processed products and a checklist 
for helping to determine those with the greatest potential. An abbreviated version ofan evaluation 
of potato processing in India illustrate! the application of the proposed procedure. 

Arapid, cost-effective method for analyzing commodity markets is described by Taco Bottema 
in Rapid Market Appraisal, Issues and Experience with Sweetpotato in Vietnam. Bottema 
indicates that this form of rapid appraisal can be used to identify the position of different 
participants in both input and output markets. He highlights the use of food balance sheets. In 
carrying out such appraisals, Bottema recommends giving special attention to link ..es between 
agriculture and industry. 

In Analyzing Sweetpotato Marketing in South Vietnam: An Informal Approach, Zenaida 
F.Toquero presents an informal survey method to carry out a rapid assessment of the market 
structure for root and tuber clops. This method utilizes casual interviews with key participants 
in the marketing chain and direct observation of the activities and facilities involved. The results 
indicate that most traders in Vietnam buy and sell a variety of root crops, other vegetables, even 
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fruits to reduce the risks associated with trading in a single commodity and to offset seasonal 
supply patterns for particular products. 

Julieta R. Poa recommends integrating technical and socioeconomic/market research in 
Market Research in a Sweetpotato Food Project in the Philippines. In her view, tile need for 
combining different perspectives manifests itself at each stage of the product development cycle, 
from idea generation to pilot testing and eventual commercial sale of the product. Furthermore, 
she observes that socioeconomic/market research may be done by scientists from a variety of 
disciplines. 

Researchers at the Southeast Asian Regional Center for Graduate Study and Research in 
Agriculture (SEARCA) have developed a procedure for identifying the commercial potential of 
proposed processed products. In Evaluating the Potential for Sweetpotato Products in the 
Philippines: SEARCA's Experience, Ana G. Abejuela indicates that the procedure consists of three 
weighted criteria: marketability (40%), technical feasibility (30%), and profitability (30%). She 
explains that this procedure can identify technologies that are ready for commercial development. 
She illustrates use of the procedure with a variety of sweetpotato products in various stages of 
development including snack foods, soy sauce, jam, and catsup. 

Problems and opportunities in the market for both fresh and processed sweetpotato products 
are outlined in Prospects and Constraints for Sweetpotato in Indonesia by A. Rachim, H. 
Malian, M.O. Adnyana, and A.Dimyati. The authors review trends in production; the compara
tive advantage of sweetpotato; marketing and utilization; and government policy and strategic 
intervention. In their view, success with sweetpotato will depend on, among other things, 
improved production techi.o)logies to raise yields and lower the cost of raw material. In addition, 
the national rescarch program must generate technologies to absorb the additional supply 
potent. ._ available from further yield increases. Greater utilization of sweetpotato in the form 
of flour has shown promise. 
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Identification of Product Opportunities 

ChristopherWheatley andGregory J.Scott1 

Abstract 

Options for processing and marketing products made from roots and tubers often are more numerous 
than initially realized. This paper reviews the p)tcntial objectives, iarticipants, constraints, and oppor
tunities involved with alternalive forms of product development for the purpo)ses of determining those 
with the greatest probability of success. An inventory of ix)ssiblc processed prodtu,!s- is prescnted. The 
technical aspects of soic basic proces:sing operations are reviewed. An initial checklist for final screening
of products is described. The papcr concludes with an iliustory evaluation of village-levci lp)tato
processing in India. 

Key words: product opportunities; processed products; processing techniques; procedures for evaluation. 

Introduction 

This paper presents methods used to generale and eval-
uatc ideas for new or improved products from root and 
tuber crops. It deals with how the objectives and con-
straints of such projects affect the choices made, de
scribes the product possibilities and process options
available, and presents a checklist for gathering the 
information used to select the best option lr:',narange
of product ideas. The overriding theme is the impor
tai cc of the market and consumc in 0- product devel-
opmeii'process; in other words, the technical aspects of 
the exercise cannot be carried out in isolation from the 
real world. 

Definition of Objectives 
Before considering which products m, c from root and 
tuber crops can be taken through the product develop
ment process, it is necessary to define the objectives of 
the exccise clearly. This is importnt because product 
development is, almost by definition, something that 
involves a number of actors-from farmers to research 
scientists. It;i.imrortant that there be some overlap in 
the objectives of the participants; otherwise, the project 

iscertainly doomed. Three basic t.;pes of organizations,
each with its own set of objectives, can be identified as 
national research institutions, local development and 
extension agencies and farmer groups, and commercial 
enterprises. 

National Research Institutions 

Their objectives are to provide solutions to priority 
problems at a national level, as determined by the gov
emient. Examples of these objectives ii,clude: 

e generate foreign exchange earnings; 

• substitute imports; 

e slow migration to urban centers; 

, increase small farmer income; 
, develop specific regions; 

, improve nutritional status of population; and, 

° reduce costs of basic foods (control inflation). 

Head, Utilization Section, Cassava Program, Centro Internacional dc Agricultura Tropical (CIAT), A.A. 6713, Cali, Colombia; and 
Leader, Postharvest Management and Marketing Program, International Potato Center (CIP), P0 Box 5969, Lima, Peru. 
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Local Development and Extension 

Agencies and Farmer Groups
 

focused on a par-The objectives of these groups are 
ticular region or province of a country. They attempt to 

provide solutions to problems directly affecting the 
local target population groups; some examples of pro-
olems are: 

" 	increase incomes of small farmers; 

* 	provide employment for landless laborers; 

• 	 improve markets for traditional crops; 

* 	improve nutrition of rural and/or urban populations; 

* 	improve market efficicncy/reducc losses; 

* 	protect environment: control erosion, reduce fx)llu
tion, etc.; and, 

* 	 improve the position of women in agriculture. 

Commerciai Enterprises 
Although the prime objective of a private company in 
developing products using root and tuber crops is un
doubtedly commercial, such firms arealso interested in 
long-term profitability. This implies a concern for the 
locd environment and community, which provides scope 
for interest in social welfare objectives. 

Many of the objectives of these different actors do 
overlap. For example, provision of employment for 
landless laborers will slow migration to urban centers. 
However, the impollance given different objectives may 
vary and could be a source of conflict. If the overriding 
national priority is the genen.tion of foreign exchange, 
this may be difficult to reconci!e with a development 
emphasis on small farmers and appropriate processes. 
It is important for all participants to agree on the main 
objectives; differences in emphasis and focus can usual-
[' be accommodated. The various institutional agendLas 
must therefore be made explicit, for hidden agendas can 
cause friction later in the process. 

0"Proec SSH1Tl1po1IS 
and Constraints 

In addition to the objectives ofeach institution involved 
in a product development project, the constraints facing 
each may also play a decisive role in determining the 
type of projects undertaken. Constraints can exist in the 
following arc.;s. 

Institutional Mandate 

SCrop/raw nmaterial used (c.g., ceassava or swrtpotaoes only). 

* 	Type ofproccssing organization (cooperative, small 
business). 

* 	Firm size (<20 ha). 
* 	 L-.cation (specific province, watershed, irrigation dis

trict, etc.). 

Financial Constrdlnts 
of the Institution 

* 	 Research facilities availabie. 

* 	 Tclinical expertise available. 

* 	Cost of research project. 

• 	Process scale. 

Financial Constraints 
of the Farmers and Processes 

* 	 Capital investment required. 

* 	 Credit availability and conditions. 
o 	Technical complexity of process. 

Legal Constraints 

* 	Compliance with government regulations for pro
duct nutritional or sanitary standards. 

* 	Licensing requirements. 
Certain institutional assumptions are made oi be 

basis of an analysis of these constraints; and, it is 
important that these also be nmdc cxplici: from the start 
of the project. It is possible that some of these con
slraints can be removed at a later date; for example, an 
extcnally funded reseamrch project could provide the 
needed research equipment. Making these constraints 
explicit at an early stage will help to clarify which 
market and technological options fall within the frame
work of manageable solutions to the problems and 
opportunities presented. 
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Identification of Market accepted carbohydrate source for a range of animal 

and Technical Opportunities feeds. This has happened in the case ofcassava exported 
from Southeast Asia to Europe, but with one or two 

Based on a clear definition of the problerms to be over- exceptions, (e.g., China) has yet to develop on a large 

come and the cor'traints that are present during this scale in the animal feed industries of tropical countries. 
a search for pssible pbased on Root and tuber crops ire used for animal feed in manyprct ea prduc otin . traditional on-farm feeding systems, especially frcsh or 

market and technical 'pprtunities can be initiated. ensed roots, hut the increasing intensificationad use 
Thseden rect thnsrnend aretndi tociess- of ptirehased fedstuffs will ncessitate the use of pro
based on project consint and market- and pcss-products. 
related factors important to the project's success. 

In order to identify a range of possible market 
optx)rtunities for root and tuber crops, the present status 
and future trends in society's use of food, feed, and other 
industrial products should be known. Demographic chan-
ges over the last 30 years or more have resulted not only 
in dramatic px)pulation increaetcs in imny developing
countries hut also in an ever greater concentration (if this 
population in large, urban centers. In ltin America 
over 75% of the population resides in urban areas,

of 
compared to 30% and 35% in Asia and Africa, re.spec-
tively. The growth rates of urban areas in Africa are 
especially high. The combination of migration and ur-
banization has often led to dramatic changes in food 
consumption habits due to the more diverse number of 
foods available in an urban environment. Income in-
creases associated with a move to urban arc.s can also 
lead to dietary changes. Thecse changes have often ad-
vcrsely affected root and tuber crops, whose bulky, 
perishable nature is not well suited to transport and 
marketing in urban situations. Traditional foodstuffs 
have therefore tended to lose out to more conven,'r:, 
non-traditional foods, especkilly where government sub-
sidies for certain cereals and indiscriminate food aid 
have artificially reduced the price of imported goods. 
Nevertheless, this process has led to the development of 
a local food industry in manv countrics, 

Many govcrnmciits are now reducing subsidies on 
coodstLit' id agricultural inputs, and it can be expected 
nat market competitiion will increasingly be allowed to 

develop in the food and agricultural sectors of develop-
ing counties. Thcrchtrc. the withdrawal of subsidies to 
other crops mv pitmvide an opportunity for root and 
tuber crops to enter into the food industry as a locally 
available source of starch, protein, and vitamins. The 
challenge is to foster the use of such raw materials by 
the local food industry, which developed using other 
frequently imported, raw materials. 

As incomes increase, consumption of animal pro-
ducts also increases. The poultry and pork industries in 
many countries have shown rapid growth rates. An 
opportunity exists for root and tuber crops to bccome an 

Finally, a range 1 opportunitics exists in non-food 
industries-for example, textiles, paper, glue, and ply
wood-which currently use other sources of starch or 
flour. In Ecuador and Peru, hea, y subsidies on imported 
wheat flour resulted in its use in plywood manufacture 
as it was the cheapest available flour. This is now 
declining as subsidies have been withdrawn. 

Information required to identify market opporuni
tics often can be obtained using secondary sources. For 
a specific country or region, the following topics and 
sources can be considered. 

Criop prou(Itction, yield. Food and Agriculture Or
ganization of the United Nations (FAO), Ministry of 
Agriculture; regional rural development agency; exten
sion workers; and, growers associations. 

Food, feed, and other iidtwstries. Chambers of com
mcrce; associations of flour millers; cereal producers; 
poultry, egg, swine, and cattle producers; aninud feed 
companies, etc. 
C 
Consumer information. Census data; household ex
pcnditure, food and nutrition surveys of major cities 
(ministriLs of planning, agriculture, etc., universities); 
quick surveys of products available in major shops and 
supermarkets give a good idea of products currently 
being made, raw materials used, and the existence of 
gaps in the market. 

Technical Opportunities 

The market characteristics outlined above help identify 
possible areas where root and tubercrops could be used. 
Thcsc must be checked against the technological pos
sibilitics of each crop, and the current processes used to 
transform them. A list of possible products is shown in 
Table 1. 

Awide range of processes are also used to make the 
different products. Since some processes may be inap
propriate in certain situations, summaries onlyare given 
in the table. 
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Table 1. List or possible products using root and tuber crops. 

Fresh roots, human consumption: Traditional 

product improved and value-added by: 


Grade and clean to produce high quality 

* 	Package to increase shelf life 
* 	Pre-peel, to give convenient, fresh prepared 


product (cold store)
 
* 	Chemical treatment to prevent microbial 


deterioration 


Fresh roots, animal feed: 
" Non-com mercial fresh roots left over from fresh 

market 
" 	Fresh roots, as main product 
" 	Fresh boiled roots (removes anti-nutritional factor) 

" 	Ensiled roots for use out of usual harvest piod 

Fresh leaves: 

Iluman consumption, vegetable
 

" Fresh or ensiled leaves, animal feed 


Fried products: 

" Chips, crisps 

" Add flavorings
 

Dehydrated products: 
" Sun dried, traditional products (chips, root pieces, 

slices) 
" Flakes, granules, cubes (convenience foods) 
" Chips for animal feed 

" Leaf meal for animal feed 

Flour used as raw material in food industry for: 

" Bakery products 

" Soup, sauce bases 

" Processed meats 

" Pastas,noodles
 
" Beverage bases 


Flouruscd in other industries (quality specifications 
differ): 

" Glue and plywood 
" 	Raw material for animal feed rations (flour orpellets) 

Processes Used in Transformation 
of Root and Tuber Crops 

A discussion of the detailed processes used with root 
and tuber crops is beyond the scope of this paper. 
Briefly, the main options are: 

Storage 

Wound healing or curing processes can be accelerated 
in all crops, under the correct environmental conditions, 

Starch used in traditional food products and by food 
industry: 
. As for flour, in many products
 
. As feedstock for derived products (glucose,
 

alcohol, etc.)
 

Starch also used by other industries: 
. Textile 
. Paper 

. Animal feed (especially fish, shrimp) 

Fermented products: 
. Whole root; e.g., tape (Indonesia)

Starch; e.g., almtid- agrio(Colombia), poh'ilho 
azedo (1razil) 

.	 Flour; e.g., gari(Nigeria) 

Frozen: 

. Root pieces, often parboiled 

.	 Pur&e 

Vacuum packed: 
. Root pieces, parboiled and sterilized 

Canned: 
e c: 

. Root pieces 
* 	 Leaves 

Bottled products: 
. Jams 
. Sauces 
. Beverages, juices 

By-products from industrial processing: 

. Pecl, fiber used for animal feed
 

. Fiber, feedstock for citric acid production
 

to prolong storage life. In addition, treatments such as 
paraffin wax coating and packing in moist containers 
can adso work well. It is important to differentiate among 

different objLctives forstoragewhen decidingthe method 
to use: 

&on-farm storage for seed use; 

* 	 on-farm storage for human consumption; 

* 	 storage during normal marketing (transport, distribu
tion, sale, and at-home storage (2-3 weeks); 
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" 	storage for several months to smooth imbalances in 
supply and demand due to seasonal harvests; 

" 	storage for export; and, 

• storage at processing plants (stockholding). 
A comparison of the last two points is worthwhile. 

Storage for export will require cxcellent product presen-
tation and raw material quality control; but storage or 
processing/treatment costs will be high. Storing roots 
prior to industrial processing must be low cost, yet some 
loss of yield or quality may be acceptable. These dif-
ferent needs should be reflected in the design of the 
storage technology. 

Selection and Cleaning 

Roots may be selected and cleaned before, during, or 
after storage depending upon their intended use. Sclec-
tion involves the removal ofunacceptable roots (rotting, 
deteriorated, excessively mechanically damaged, too 
small, or immature) and also any foreign matter (stones, 
sand, woody material). The criteria for selection or 
rejection depend upon the end use. Cleaning is usually 
carried out by washing or brushing roots. This operation 
may not always be necessary (harvested roots are cleaner 
during drier periods). Washing can be manual or me
chanical, and may be combined with peeling. 

Peeling 

It is important that peeling be efficient in order to 
minimize the loss ofraw material. Peeling losses can be 
very high if roots vary greatly in sizeand shape. Grading 
before peeling may help to reduce losses in batch pro
cesses. Other factors influencing losses includedepthof 
eyes and length of storage for potatoes. Peeling can be 
manual or mechanical, by abrasion, lye, or steam. 

* 	Manual peeling, can be inefficient and result in high 
losses. 

" 	Mechanical peeling, by abrasion in a rotating drum 
with water added to flush loose peel. 

" 	Lye, roots immersed in solution of sodium hydroxide. 

* 	Steam, roots exposed to steam under pressure. 

* 	Combination of lye and steam peeling. 

The end use of the raw material will determine 
whether costs can be lowered through shorter peeling 
times. For example, in the case of cassava, abrasive 
peeling for 3 min is sufficient to remove most of the 
outer, barky peel while leaving the white inner peel 
largely intact. For starch extraction this is sufficient; for 

other purposes longer times for complete peeling may 
be needed, at a greater cost and with higher losses. In 
many cases, the peel by-product can be dried and used 
is an animal feed. 

Sulphiting
 

Potatoes and other tuber crops may be immersed in 
sodium reta bisulphite to avoid enzymic discoloration 
if further processing is not carried out immediately. 

Size Reduction 

Almost all processes involve some type of size reduc
tion of the whole peeled or unpeeled roots and tubers. 
Some of tie alternatives are to: 

* 	slice, for snack food products; 
e chip, for french fry cut and for later natutal or artifi

cial dry (traditional dried root products may use quite 
large root pieces cut manually); and, 

* 	grate, for starch extraction and some traditional pro
ducts (gari,farinha, etc.). 

For potatoes, it is important to keep all chips, slices, 
etc. under water to prevent discoloration. 

A vast array of chipping, grating, and slicing ma
chines have been developed for root and tuber crops, 
from manually operated chippers (output of 1-200 kg/hr) 
to the continuous process equipmerit used in large starch 
extraction plants, capable of processing 200 t/day. 

Blanching 

Raw material is subjected to boiling or near boiling 
temperatures for shoi periods in order to inactivate 
enzymes, as well a,cook the tissues partially, rendering 
the cell membranes more permeable to moisture trans
fer. By blanching, more rapid and complete drying is 
obta.ned and the texture of rehydrated products is im
proved. Partial sterilization is also achieved. The tem
peratureshould beabove80"C. Blanching time depends 
upon the dimensions of the root pieces, the amount of 

raw 	material to be added, and the temperature of the 
water. Blanchin., is mainly used with potatoes for pro
ducts destined for human consumption. For potato slices, 

3-4 min will suffice. The more complex alternative ofsteam blanching results in less loss of nutrients. 

Additives to improve flavor, appearance, and tex
ture r.ay be added during or after blanching, e.g., sodium 
bisulphite, citric acid, and pro-phosphate are often used 
to reduce b,'owning during storage. The blanched pro
duct must be cooled before drying can commence. 

119 



Drying 

Root pieces may be dried either with or without prior 
blanching. Drying is achieved by the evaporation of 
moisture from (hesurfaceofthe piecesand by migration 
of moisture from the interior to the surface. Adequate 
air movement around the drying pieces is important to 
prevent the accumulation of humidity in the surround-
ing air which slows the drying process. Drying speed 
depends on the dimensions of the root pieces, rate of air 
movement, atmospheric humidity, and a;ir 4cpcialu,., 
The moisture content of tie final product must be low 
enough to prevent tie growth of microorganisms during 
storage (especially As.pergillus) and to eliminate tissue 
metabolic processes that could affect product quality. 
This critical moisture content level varies fbr different 
crops (e.g., potaioes, 8-1 0,t; cassava, 14,' ). 

Natur-al orsun drying is the cheapest method. Chips 
can be dried on concrete floors, trays, or even flat roofs 
of houses. Drying can only occur during re,;onably dry 
and sunny weather, especially for larger operations. 
Drying may be caried out by the small subsistence 
farmer or by a large commercial opcration (e.g., 35,0X) 
1.12 drying areas per factory for cassava in Thailand). 

Natural drying results inpossible contaminat ion of 

the product by dust and microorganisms during the two
day orfo gerthA olr c llcto [1avbet i tkes

days or longer that it takes. A solar collector maty be 
feasible to harness solar radiation to reduce drying 
times, although few working examples of these have 
proven feasible thus far. 

Artificial drying-which permits the rapid drying 
of root crops with good hygiene, outside the dry season, 
or in areas with cons:ant rainfall-does increase costs. 
Batch driers, which can be consructed simply and 
cheaply, can be pxowered by locally available sources of 
fuel (e.g., coal, diesel, plant by-products, etc.). The 
drying temperature should not exceed the gclatinization 
point of thestarch contained in the roots, about 50-60'C. 

For cassava, artificial drying results in a final product 
with a higher cyanide content than a naturally dried one. 

Drying using continuous processes is rarely pro-
fitable, except where a high value troduct isbeing made 
in large volumes. 

Starch Extraction 

After grating, starch can be extracted through a simple 
process ofadding water, mixing well (usually in a rotal y 
system with water injection), and then separating the 
extracted starch from the fiber and other root com-
ponents. Separation may be through centrifugal action, 
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sedimentation in tanks, or in a system of channels. The 
separated starch is then dried, either naturally in small
scale operations or using a flash drier in large-scale 
plants. Sago is a product derived from starch, involving 
partial gelatinization of small globules or flakes of 
starch with an intcrnediate moisture content. 

Fermentation 

A variety of fermented products are made from root 
.:;, niosy: '.y :rAtd piocesscs. These are des

tinied to be used in traditional food products. Fermenta
tion may be in tile solid state, after grating, or afterstarch 
separation (tap¢5, gari, an. sour starch--traditional cas
sava products from Indonesia, Nigeria, and Colombia, 
respectively). Natural ferimientation is the rule, except 
for taipt whcre rasi a powdcr,d inoculun consisting of 
Amylonices rouxii is used. Fermentation changes the
taste, of final products, and in the case of starch, also 
modifies their baking properties. Natural fermentation, 
however, may take 2-3 weeks to fully modify starch. 

Milling and Grading 

Dried root pieces can be processed into flour through 

millingorandsmnall-scalegrading or sifting stages. Milling can be alarge- operation. Small-sized cassava 
c a n bes c llyscl edin anoal w asfou 
chips can bcsucc."cfully rail ld in ,anormal wheatl flour 
roller mill, with very high conversion rates (90% or 
more). Small-scale harnmer mills generally give lower 
conversion rates. The grading of flour depends on the 
end u.se. For pellet production or direct use for animal 

feed, the entire milled product is used. For a high
quality flour for bakery use, several milling and sifting 
stages may be necessary to reach the required standard. 

Otler Processes 
These may be used to make products of less general 
application or to manufacture derived productsp from the 

basic flour or starch products described here. 

Initial Selection of Products 
By considering the range of technological options for 
root and tuber crops together with the market charac
teristics discussed earlier, the initial range of product 
ideas can be selected. These can be summarized as: 

improving the traditional fresh product (better stor
age, convenience; a fresh prepared product, pre
cooked or parboiled, instant products, fastand snack 
foods); 



" 	animal feed uses (stable, dried products for market-
ing; or cnstled/fresh roots for local use.); 

" 	flour for food orindustrial uses (substitution ofwheat 
and other flours); and, 

* 	extraction of starch for food and industrial uses (sub-
stitution of maize and other starches). 

Other possibilities exist but with a less general 
application; for example, dried chips for human con
sumption, beverages, and fermented products. 

Selection of Region 
In order to screen and evaluate the different oppor-
tunities that exist, it is necessary to obtain information 
about the markets, products, and industries already pre-
sent. This obviously requires that a region where the 
project is to be developed has already been chosen. The 
next task is to select the area where the project is to be 
located. Regional selection needs to consider the fbl-
lowing criteria: 

Root and Tuber Crop Production 

" 	The region should have sufficient production or po-
tential to permit the establishment of a rural agro-in-
dustry. 
Prices should be low enough to permit processing 
an option (i.e.,
no dominant fresh market). 


* 	Production should not be concentrated into one very 
short harvesting period. 

" 	Institutional support incop production isnecessary(research, extension). 

Markets 

* 	A mjor urban ceitersiould be located in or relative-
ly close to the project area (for human food markets). 

* 	Food or feed industries should be within a reasonable 
distance. 

Social Factors 

* 	A rural population with experience inroot crop pro-
duction and with a clear need to improve economic 
well-being. 


* 	Successful local experience with cooperative or small 
business organiziitions. 

* 	 Institutional support and financial assistance to such 
groups should be available. 

Clear support for the idea of improving rural wel
fare through interventions in root and tubercrop produc
tion, processing, and marketing rhould be availablefrom local and regional state and private sector or
ganizaitions working for rural development. 

Idea Screening 

The product ideas developed through a consideration of 
the technical possibilities of tile crop, the region in 
which the project will bc focused, and the markets 
available or potential in that region can now bescreened 
to pinpoint those with the best chance! of success. 
Screening is a two-stage process. First, those products 
that are clearly incompatible with the objectives of the 
project or the constraints imposed on it are deleted. This 
leaves anarrower rangeofPossibilities, which then necd 
to be subjccted to further consideration. 

Initial Screening 
Ifthe objectives of the project arc to improve thewelfare 
of snmall farmers through adding value to root and tuber 
crops via rural processing, then products that entail 
processes unsuited to these objectives will be clim
iL5 For example, freezing, canning, and vacuum
packing are relatively high technology processes .wiiha
capital-intensive, large-scale processing bias. It is dif

ficult for a small-scale rural industry to develop using 
this type of technology. Similarly, if project objectives 
are to inprove the nutritional stat us of low-inconieurban consunlcrs, this same group of technologies would 
also be discarded because of their high cost, which 

would result ina product accessible only to higher
income constiilers. Using the socio-econonic objec
tives of these projects and the financid iiniitations within 
which they nust work, the number of possible optionts 
call be reduced to a feasible number Ior more detailedstud~y. 

The remaining options will normally bhelog to 
those products requiring relatively simple, low-cost pro
cesses, resulting in products witl a large Poteintial mar
kct. These will be in the categories of fresh, prepared or 
stored products, flour, and starch. Considering that flour 
includes products suitable for animal feed, human food. 
and industrial use, it is neccssary to subdivide thesecategories further. Each Potential use will require specific 

quality or product specifications, which in turn affect 
the process and the cost of the final product. 
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Final Screeniag 

Each product/market category remaining under con-
sideration can be screened in greater detail using a 
checklist approach. Such a brief, but systematic con-
sideration of basic facts relating to raw material supply, 
potential demand, etc., is preferable to a large and costly 
research project that will crtainly be very timeconsum-
ing. Table 2 gives the points that should be considered, 

The time required to obtain answers to 'hese ques

tions will dexnd on the supporting data tlat already 
exist. Secondary data sources will provide much infor-
mation, and a brief visit to the project region will often 
help fill in any gaps. It is not necessary to conduct an 
elaborate fornmal survey; but, it is important to think 
carefuljy about all Lssumptions nmade since popular 
knowledge is frequently mistaken. For example, cas-
sava drying is now commercially successful in areas 
originally considered to have excessive rainfall, 

t 
atssess the favorable and unfavorble respon.ses anid 
decide which of the scverl, initial product ideals can be 
taken for further study and development. The individual 
researcher must use this checklist with great flexibility. 
For one product, a single negative response to oe 
crucial question may be sufficient to kill tlt product. 
Foranothcr product, many ncgative responses to certain 
questions may not be critical at all. Given financing, 
training, or time, such negative aspects can be changed. 

With answers t he checklist, it is then ossible to 

An additional benefit of proceeding through the 
checklist is the generation of alternative product ideas, 
For example, by considering each of the items on the 
list, suggestions or observations may surface that can be 
useful in modifying the original idea; e.g., selling a 
powder-like potato product to industrial clients ralther 
than a dried wafer or chip directly to consumers. Or, a 
totally different product may come to mind, e.g., for 
animal, not human consumption. 

By working through the chccllist in Table 3, four 
product ideas can be evaluated: (I) storage to provide 
potatoes out of season; (2)snack foods for high-income 

consumers; (3) chips for animal feed; and, (4) starch for 
food and other industries. The most favorable option 
shown isto store potatoes for sale in the off-season when 
prices are higher. In fact, such a project could develop 
several processed products for human consumption bIsed 
on the project objectives, which could be to maximize 
rural employment, not farmers' incomes. Processing 
activities generate much labor, and this is considered to 
be an essential element in any product development
activity. 

Concept Testing 

This is a simple procedure that can be used to define 
further the product idea. Information from the checklist 
hals provided better knowledge of the market, and con
sumer charactcristiLs and needs. These can be used to 
elaborate a series of concepts relating to the way the 
product will be used by different consumer groups 

(Table 3). Concept testing involves presenting the different concepts to consumers (or industrial clients) and 
receiving feedback from them. The advantage is that 
this can be done without havingthc product, but through 
using photographs and text to describe the product and 
its chancleristics. Consumers can then be asked to 
comment on the concept (if they undc,-stand it) as to if 
the benefits of the product ire relevant to them, how 
they would use the product, tentative purchase inten
tions, etc. This process is a very cost-effective, rapid 
method of defining product characteristics batsed on 

consumer needs, and it helps to eliminate thos. xv'iy' ( 
presenting or using a product that are unattractive to 
consumers. 

Conclusion 

At this stage, a product with potential for benefitting the 
4arget population has been identified, as well as the 
region inwhich the project will develop. The next stage
is to undertake market and technical research required 
todefinetheproductcharacteristics, theprocessto make 
the product and the marketing strategy to be used. 
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Table 2. Checklist for final screening of products. 

Demand 

" Define target market (city, region, etc.). 

" llow many consumers (total, % who could 


purchase)? 
• 	 llow much product per person/yr? 
"Is purchasing power increasing or not? 

" Are consumption, food purchase habits changing? 
" Does product fit these changes? 
" If product is novel, will acceptance be good? 
" If product is competing against others, will price 

and quality be better than competitors? 
" 	For industrial markets: What is the volume of 

purchases and the price of competing raw 
materials by industries concerned? 

Raw material supply 
" Volume of production in target region. 

" )emand in other markets for this production. 
" Seasonality of production and demand in other 

markets, 

" Price fluctuations/cycles. 

" Characteristics of both traditional and new 


varieties (growth cycles, quality, yield), 
• 	 Potential for and constraints to increasing 

production (diseases, erosion, drought, etc.). 
Physical factors: Determine harvest times and 
feasibility of natural drying systems. 

" Rainfall (dry and wet scasons). 

" Does dry season coincide with harvest time? 

" Temperature. 

"Relative humidity.
 
" Is there ready access to clean water (for starch
extraction especially)? 

Organizational aspects 
• Are farmers market- or subsistence-oriented? 

" Are farmers willing to experiment'? 

" lis there been a positive experience with coops? 

" 	Is institutional support available for coops/small 

businesses? 
• Is credit available? 

" Are capital requirements manageable? 

" Is a separate distribution entity needed'? 


Is technical and financial support available for
 
this? 


" Will many institutions be involved? Is inter-

institutional coordination satisfactory? 


Existence of similar activities 
* 	 Is small farmer processing novel or a continuation 

of existing practices? 

.	 What are the strengths and weaknesses of existing 
operations? 

. How can weaknesses be corrected? 

. Art there any existing facilities that can be utilized 
to reduce capital outlay? 

Consumer acceltance 
. Is this crop accepted in the diet (fresh processed)? 
. Is image good or not? 
. Is this product being made already? If not, why 

not? 
. If an existing product, what improvements can be 

made? 
. If a novel product, is this crop accepted in other 

foods or is it a fx)d accepted with other 
ingredients? 

Capital requirements 
. Amount, conditions of loan (interest rate, period of 

grace, etc.). 
. Requirements for collateral (land holdings, etc.). 
. Standard banking arrangement or special loan 

scheme for small businesses, cooperatives.
 
Labr
 
. Costs.
 

. Availability (scasonlity).
 

. Educational level.
 

. Gender issues: replacing manual operations by
 
machinery often reduces the vomen's role and can 
Iavc neg-ative social conscqucnces. 

Ichnohitiy• 	 Is it alreadly developed, or is further rese;arch
required; if so, how much and what are the
 
chances of success?
 
Imported or local! If imported, are spares, etc.,
 
availale'? 

. (:an it be managed by farmer group if necessary? 

. What training will be required (process operation, 
business, marketing, etc.); who can provide and 
finance trainingi activitics'? 

. (an local labor and nmtcrials be used ill 
construction! 

Benefits 
. Ilow well will Ihe product fit project ol)jectivcs? 
. Who will benefit and by how nuch? 
. What is the risk of failure? Who su'fers if project 

fails?
 
. Ilow much; i.e., econonlic feasibilily?
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Table 3. Example ofselecting product ideas using a checklist: Potato processing in North India. 

Factor Fresh storage 

Demand Good, fills gap in 
market (out of season); 
traditional product, 
good acceptance across 
incomes 

Raw material 
supply 

Excellent; buy at a low 
price & sell when high 

Physical factors Need to store during 
hot season; technology 
development needed? 

Organizational 

aspects 
Family level or cXp 

Existence of simi-
lar activities 

Storage of other crops 
carried out 

Consumer accept-
ance 

Good if quality ok 

Capital require-
ments 

Moderate 

Iabor Little used 

Technology Needs some work, but 
simple 

3enefits: 
Farmers 
Processors 
Consumers 

... 
none 

++ 

Economic feasi-
bility 

+++ 

Product 

Chips 
Ory processed (animal feed) Starch 

Novel product fot high l)cpends on price, Depends on price of 
income (10% population) unlikely to ne raw material & starch 

competitive yield; uncertain 

Limited to June-March, when m.in harvest/low prices operate 

Dry season coincides with harvest; good Water availability 
for natural drying poor 

Small business Family level or coop Small business 

Processing well known & accepted Not in this area 

Good at upper income 
levels
 

Moderate 

Much needed; some 
skilled 

Needs some work; 
rather complex 

+ 
+++ 

+ 

++ 


Industrial market; depends on price 

low 	 Moderate to high 

Unskilled only 	 Much needed; sonc 
skilled 

Simple 	 Known; relatively 
simple 

++ + 
++ ... 

none 	 + 

+ 	 + 
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Rapid Market Appraisal, Issues and Experience
 
with Sweetpotato in Vietnam 

TacoBouema 1 

Abstract 

Based on a large number of studies throughout Southeast Asia, including Vietnam, this paper argues
that crop development and diversification of use reflect development of local, area specific economics, 
which are in a process of market lfn.malion and integration. 

Fresh consunpt ion in the local rural economy and nearby urban centers constitute the major market for 
root and tuber cropsin Vietnam. A variety of stages in market development is discernible. 

A rapid, cost-effective adapt-ition of the survey method, Rapid Market Appraisal (RMA) is presented. Thi;s
research instrument can be tsod to identi ly the place ofl'Irmers and entrepreneurs in the developiig input
and product markets. It is recommendcd to pay attention to market format ion in agricultural planning as 
,,it is in agricultural research. Specific attention isdrawn to the use of food balance sheets, agricultural

linkages to indtstry and research on quality rewards. 

Key words: markets, methods, processing, storage. 

Introduction 

The Coarse Grins, Pulses, Roots and Tuber Crops 

Center (CGI'I) has been active in Vietnam over the last 
years in collaboration with the International Potato Center 
(CIP), the University of Agriculture and Forest (UAF)-
Ho Chi Mitt City, the Ministry of Agriculture and Food 
Industries, the National Root Crop Research and Devel
opment Program, and a number of other institutes and 
organizations. The activi tiLs have been directed towards 
the creation of common ground, ncccssary lor the es-
tablishment of the national root crops research and 
development program. Results are presented in C(ml'RT 
24, "Sweetpotato in Vietnam, Production and Markets" 
1991. In this paper CGPRIT's (liiiitcd) experience in 
market assessment for swcetx)tato and proce:;sed pro-
ducts is brought together and illustrated by some facts 
and figures already generated. Before discussing the 
specific situation in Vietnam, a methodological device 
developed by the CGt'RT Center is presented. The paper 

is divided into three sections: a presentation of Rapid
Market Appraisal (RMA), a summary of swectpotato 
development in Vietnam, and a look at some specificissues rcommended for attention. 

Rapid Market Appraisal (RMA) 

Recent years have seen the emergence of a ide range 
of uses regarding survey methods. Distinctions between 
formal and informal surveys are well known. Quick, 
cost-efficient exercises are sometime-s referred to as 
"sondeo" and "rapid rural appraisal". A similar sort of 
quick survey approach, referred to as RMA, Ias been 
developed by the (GIIRT Center. This approach provides 
an overall framework and places an actor, a larmer or a 
business, in the input and the product market. It is not a 
business development device, but rather a business
oriented approach to quickly identify various interact
ing markets. 

Agricultural Economist, Coarse Grains, Pulses, Roots and Tuber Crops Center (CGPRT), Jalan Merdeka 145, llogor 16111, Indonesia. 
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Figure 1 depicts marketing channels for agricul- 

tural products and farm inputs. In RMA, recognition of 

the loca] rural/urban economy is explicit. It basically 

identifies econornic zones, as they are reflected in the 

length of supply and distribution channels. 


Agricultural product marketing consists of various 
configurations because famiers in Asia typically prod
uce several commodities in one calendar/crop year, with 
the sequence of food-crop production being determined 
by the cropping system. It is of vital importance to 
recognize home consumption and marketed surplus. 
Figure 1 maps the various market configurations in 
which producers participate. For example, the simplest 
situation is represented by tie configuration on the far 
left in which the fairmer consumes his own production, 
Subsequent situations indicate the various marketing 
channels that may exist for production not consumed by 
ihe household. Usually other proportions are marketed 
at the village or district level. Here again it is of imipor-
tance to establish tile specific proportions. 

In Vietnam, sweetpotato is marketed between prov-
inces, which points at yet another proportion of produc
tion being marketed through slightly longer market 
configurations (Ila et il. 1991). 

Somc authors and researchers refer to tie shorter 
con figurations is a "food system," taking into accountall conimoditics produced and consumed. Others rcfcr 
to thecompleteset ofmarket consfigum ions., the"food 

tostteo cmpleemaret onfiuraion as he~ood 
system." In my view, this concept ismisleading because 

we are speaking about producers, trders, processor., 
retailers, and consumers, "a other words the market as 
whole. The concept of food system could lead one to 
expect that a large degree ofsuf-sufficiency isprevalent 
or desirable. 'File essential characteristic of any local 
agricultural economy in Southeast A'sia is that there isusualy omptitin usrs/uyerbtwen th intl~Thc 

tsually between tee users/buyer in ti-pcompetition 
different market configurations even fora singlecro, 

If one depicts developments through time one can 
usually observe that the number of configurations in-
creases, while tile relative proportions among tile con-
figuration.s vary. It can be imagined that a large number 
ofconfigurations cal be discerned based on a relatively 
small number of commodities produced. Thus, the link-
age of agiven farming system with a variety of markets 
can be illustrated, which would also underline those 
components ofa farming system which would be direct-
ly affected by government price and trade policies. 

Practical application of tie market configuration 
approach lies in conducting a RMA. For example, in 
focusing on swectpotato, one could map the different 

combinations of configurations in different areas. Iden
tifying differences among the various production areas 
is quite important because their unique local situations 
determine whethcr or n:t it is conducive to business 
development such is the establishment of sweCtpotato 
processing. Competition, product flows, tc., .an quickly
be mapped. 

A similar use of the various configurations pertain
ing to the input market is depicted in Figure 1. Farm 
inputs are of great importance for improving produc
tivity. This issue is of specific relevance to Vibtnam 
where private trade infertilizers and chemicals was only 
legalized in 1988. One of the most important, almost 
universal, developments of the last 40 years is that 
fertilizer has become well accepted and is widely used. 
This results in a market configuration starting from tie 
national or even international level (Fig. 1). Although 
chemical fertilizers are important in swcctpXotato pro
duction in Vietnam, manure (usually purchased at village 
level) isalso important. Soil fertility is being maintained 
by supplies from two cxtrcmes in the range of con
figurations in the input market. 

Seed is also an importatii input. In the case of 
swcetpotato, it is usually obtained at the local level, but 

also on occasion through provincial trade. Libor like
wise is usually supplied by the household; however, ascomercialization assumes a stronger pace in the course 
of time, i, is often supplied by village and district-level 
labor markets. 

The case of capital is a story in itself. The attempts 
of many governments to establish local credit facilities 
can be interpreted as an effort to create c.al financelcrat 
distributionagencies so as to increaseaccess to capital. 

descriptive device presented here can bec a
plied universally. An RMA maps tile area specific pro
duct and input configurations pertaining to the 
commodities under scrutiny. The (;IRl' Cener has 
applied this device throughout the region, with quite 
interesting results. It has been found that substantial 
comcrcialization of food crop agriculture takes place 
within local, area-specific economics. Crop develop
ment is connected with the development of the local 
economy. In holistic approaches which are en vogue, 
such as the farming systems approach, the process of 
local differentiation can only partly be reflected. 

The empirical steps are simple and include iden

tification of: 

* different nmrketingchannels; 
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Fiigure 1. Marketing configu.ations for agricultural products and farm inputs. 

Agricultural pr-nducts 

Geographical Market Span 

International International 
Market trader/Importer

=arke 
Major 	 Retail trader ExporterJ 
National r wholesale 
Urban Centre processor trader 

ProvincialRegional Retail trader I Regional
wholesale 

Regional
wholesale 

Regionalprj rocessr trader trader 

District [IlF h FX-rea wholesale Area wholesa le Area wholesale 

L trader trader trader 

Local 	 Retailer. Collec iofl Collection Collection Collection 
processor traer trader 	 traler , trader 

Primary Ps___ Post harvest .Post harvest Post harvest Post harvest ost harvest 
Producer Farmer er Farmer Fne
 

Farm inputs 

Geographical Market Spaui 
(Production origin) 

Overseas [ Exporter
Int. trader 

NatiAonl Producer processor Importer 
s l orl wholesale 

wholesale ddistribution 

Provincial
 
Regional Producer processor Regional I Rcg iois ]
wholesale wholesale

regional distribudor distributor distributor 

District 	 Producer processing oil1 i Wholesale Wholesale 
Wholesale retailer [ ler retailer retailer 

Local Producer processor 
distributor 

retail/trader Retailer 	 Local retailer Local retailer Local retailer 

User Producer 

Farmer Farmer -,r 	 ] Farmer Farmer 
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* 	proportions of total production entering the various 
channels; 

* 	different usesamong andwithin marketingchannels; 

• actors engaged in business (traders, proccssors, re-
tailers, etc.) and their practices; and, 

*market rewards or premiums paid for specific qual-
itics in both the input and product markets. 

IfimpRoving (or introducing) processing isa spccific 
goal, one would also look in detail at exi:,ting processing 
tecinologies, and identify the availability of necessary 
components. 

In short, one needs to visit farn, rs, traders, proces-
sors, and retailers, and establish prices and costs at all 
these levels of the market. Figures 2 and 3 present two 

difernt etm olprdU~c nfiurtios.potato,rke
different sets of product market configurations, 

In establishing a swcetpftato processing itdustry, 
applications of the above mentioned data can be cited. 
First of all, Figure 1 focuses on fa-rmers and not on the 
processing industry. Furthermore, sweetpotato is just 

Figure 2. Sweetlxitato marketing in the Mekong lelta. 

Administrative level 

National 

Provincial 

District 

Village 	 Use: 

Seed 


Piducer User 
farmer 

Proportion ± 10% 

one input fo-r a processing industry. This is unlikely to 
present a constraint, except in terms of the seasonal 
supply of production. Several solutions can bc applied
to overcome the seasonality problem, either separately 

or in combination with one nother. First, storage is 
possible, but its costs should be compared with the costs 
of buying fresh swcetlp)tato from other production cen
ters. For example, a location could have a year round 
supply of :'wcctpotato from different production areas 

(Ha ct al. 19) 1)(Tlihlc 1). Or, one might considcr 
provincial markets or even major urban markets, such 
aw;Ho Chi Min City and Da Nang, s a.source of ycar 
round supply of raw material. A second possibility 
entails using equipment capable of processing a numberof different root crops which are comiplemcntarv in 
timing of supply (Nthict 1989). In Vietnam, sweet
ptatocsuapa, cannnd ta c itm Supply

ca.ssalva,cialn,a,nd rx~tato conic tonmind. Supply 
requirements may be more difficult to fulfill through 

tim..; at the loca! level, because, as;sunling cropping 
systems remain stable, the processing facility would 
have to purchase its raw materials from the provincial 
market or from other production aicas. 

Use: Fresh 

consumption 

... Wholesale 
retailer 

Use: Animal feed, 

human consumption Regional 
area 

wholesale 
Retailer 	 trader 

Collection Collection
 
trader trader
 

t 	 t
 
Postharvest Postharvest
 

farmer farmer
 

+ 30% 	 ± 60% 
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Figure 3. Sweetpotato marketing in Central Vienam. 

Administrative level 

National Use: Fresh 
consumption 

Provincial Use:
Animal feed Retailer 

District Use: -" r
 

VillageamaFood, Use:
seed Trader [Trader 

animal feed 

P ufarmer ... Postharvest 


Proportion ± 40% 

Source: 1la et al 1991. 

Assuming that basic processing equipmcnt isavail-
able or can be made, a notion also supported by Nghiem
(1989), the choice between end product and intermcedia!e 
product has to be made. In tie case of swcctpotato, it 
seems logical to think of noodles, a highly appreciated 
food throughout Vietnamn. 2 In producing noodles or 
related products, other inputs are necessary such as
certain chemicds, clean water, etc. Availability of chemi-
cals, reportcdly specific to the production of sweet-
potato-based noodles, may present difficulties for local 
industry as they may have to be imported. 1'hesc are 
more likely to be available in major urban centers. 

The size of the target market ismore important. The 
government of Vietnam promotes village-level process
ing industry. Such industry would have to estimate the 
local, and possibly adjacent, market for each product. 
The situation may well be conducive to business in 

Postharvest 

farmer farmer 

± 30% ± 30% 

cases where noodles and related products are not yet
marketed. In other cases, where a village is located 
nearer to a major consumption center, village produce
would simply have to compete with existing produce on 
the market. In short, evcry prospective establishment 
would have to carefully gauge its unilue local setting. 

The market configuration approach has been found 
most useful in describing market integration and the 
accompanying market diversification process. These 
two proccssc ate very imrxportt in Vietnam at this time. 

Recent findings in Vietnam 
The following contains a brief summary of major find
ings of research c'.iducted in the period 1988-91 in 
North, Central, and South Vietnam. 

2The cases of soybean and cassava in Indonesia comes to mind. Processed soybean and cassava are consumed widely and as aresultliterally thousands of successful small industries,supply processed produce to rural consumers, the raw material being supplied bytraders, incase of local shortage. hllus, the prime condition for success isestablished local consumption. 
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Ta)le 1. Delivery schedule from sweetlmtato production centers to !lo Chi Minh City. 

Production 

Mekong Delta: 

Long Phy (Province l lau Giang) 

Milho (Province Tien (iang) 

Giong Rieng (Province Kien Giang) 

Omon (Province Ilau (;iang) 

lintt Minh (Province Cuu I ong) 

Vinh Long (Province Cuu ILong) 

Province Minh Ilai 

IIon Dat (Province Kien (Hang) 


Southeast zone of Nam IHlo: 

l)ng l)at (Province i)ong Nai) 

Chau 'llanh (Province l)ong Nai) 

Long llanh (Province l)ong Nai) 


Phan Thict 
Dalat 

Source: Ila et al. 1991. 
alICMC =Io Chi Min City. 

Month of delivery 

Jan, Feb. Mar 
Feb, Mar, Apr 
Apr, May, June, July 
July, Aug, Sep 
July, Aug, Sep 
July, Aug, Sep 
Oct, Nov, Dec 
Sep, Oct, Nov 

Jan, Feb, Mar. Apr 

June, July, Aug 

June, July, Aug 


Aug, Sep, Oct 
Aug, Sep, Oct, Nov 

Distance to Travel 
II(MCa tirne (hrs) 

Waterway 

250 km 25 
170 kin 17 
380 km 40 
320 km 34 
280 km 30 
220 km 19 
380 km 40 
420 km 45 

Road 

1(X) km 
W0 km 
50 km 

180 km 
250 km 

Vietnam has followed a socialist path, characterized 
by broad state intervention in. the product and input 
market. However, it was foutrd that non-rice crops, 
including sweetpotato, were not subject to state inter-
vention and that Vietnam's agricultural economy to a 
large degree resembles the agricultural economics of 
more market-oriented countries in Southeast Asia. In 
fact, in the late 1970s, individualized production be-
came more important through the three-point contract 
(in North and Central Vietnam), followed by individual 
land lease in thc late 1980s. Since 1988domestictrading 
of farm inputs has been liberalized, allowing both coop-
erativcs and private traders to participate in commerce. 
Price controls for farm products were relaxed in the late 
1980s and cooperatives were allowed to apply for ex-
port licenses, establishing competition with state trad-
ing firms. Public broadcasting of prices fora wide range 
of agricultural produce began in 1990, contributing to 
market integration. 

Intemational recognition of the slow, but very broad, 
move towards a market-oriented agricultural economy 
hts been very limited. This is unfbrtunate in view of 
Vietnam's wish to become eligible for loan.s from inter-
national development banks, which are subject to the 
condition of a more market-oriented policy, 

Vietnam ischaracterized by vast differences among 
North, Central, and South Vietnam, which are climato
logical, historical, and institutional in nature. The North 
has a temperatc climate, NvhcrcL, the South has a tropi
cal climate. The North has a relatively long sociali.it 
history resulting in the overriding importance of coop
erativcs in the North and the Northern part of Central 
Vietnam as the major rural institution. However, in the 
South, production has remained predominantly individ
ualized since liberalizition. These differences effective
ly prevent "blanket" policy recommendations as regards 
institutional components. 

With regard to swcetpotato growers, differences in 
resources and access to markets are reflected in farm 
household incomes in North, Central, and South Viet
nan which were 1.7, 1.4, and 2.5 million Dong respec
tively in 1988 (1988, 3200 Dong = US$ 1). Yields of 
sweetpotato in North, Central, and South Vietnam range
between 10-24 I/ha, which are more than double the 
nationally reported average of 3.4 t.Statistical informa
tion on root crops is notoriously unreliable throughout 
Southeast Asia including Victnani. Since the early 198"0 
substantial intcnsification of cropping system.%has taken 
place in areas near cities and urban markets, led by 
vegetables and secondary crops. In mov'e isolated areas, 
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intensification is based primarily on secondary crops, In 1988 sweetpotato competed effectively with rice 
including swcetpotato (Binh and Bottcma 1991).These in North and Central Vietnam in terms of net farm 
developments closely resemble intensification patterns 

encountered throughout Southeast Asia. 


There is substantial linkage between the production 
of swcctpotato and pork production. Nghicm (1989) 
also found a relation between root crop processing 
facilities and houschold income in North Vietnam. There 
seems to be a similar, but more widespread positive 
correlation between pork production and products and 
residues of sweclpotato which are used to feed pigs. It 
seems likely that use of by-products of processing for 
pig feed would substantially strengthen the viability of 
local root crop processing f-icilitics, because pork is not 
only a high value, tradeable commodity, but also Inlocal 
demand. 

Inter-district and inter-provincial markets ofswcl-
potato have evolved sponltancously (Binh and Bottema 
1991; Ha ct al. 1991). The low margin accruing to 
traders, the existence ofcompetition among traders, and 
the rewards for specific varieties of high (uality sweet-
potato for human consunption all suggest that these 
markets arc quite efficient. Cooperatives are also taking 
an interest in x)rk production and consequently in sweet-
potato production in North and Central Vietnam (Bot-
tema ct al. 1991; Ha ci al. 1991). Significant vai iation 
was encountered in the use of inputs aid the proportion 
of production sold for human consumption and for 
animal feed. In the South. swcctpotato is a cash crop 
with 90% of production sold for human consumption in 
urban markets and low-quality sweetpotato sold locally 
for animal feed. In North and Central Vietnam local 
averages of30% sold for human consumption have been 
reported, and 30% has been reported as used for animal 
feed, while 40% is consumed by the household. In 
Central and North Vietnam cash sales vary considerably 
by location. 

Table 2. Primary sweetpotato markets. 

Main use 

Fresh sweetpotato for human consumption (ca.sh) 
Fresh swcctpotato for home consumption (fccd/f*xxd) 
Sweetpotato and tops for animal feed, mainly pork 
Swectpotato for stai ch pro×luct ion 
Sweetpotato for seed 

income (Hoanh ct al. 1991). However, recent increases 
in the price of rice have made rice the more remunera
live crop. The effects of rising prices for rice on derived
products such as rice paper and noodles, and on other 
foodcrops including swecipotato still need to he deter
mined.
 

Based on the above findings it is concluded that 
sweetpotato has live primary markets in Vietnam, vary
ing in proportion, depending on the location (Table 2). 

Assuming growing incomes, markets for meats and 
starch products appear to have the most potential, cspe
cially in the vicinity of urban areas. Swectpotato for 
direct human consumption will probably expand with 
population growth in urban markets and will remain 
important in more isolated areas. Quantilative estimatcs 
cannot be made given the shortage of information about 
changes in the various markets that have taken place 
over the last ten years. It may be of interest to note that 
major potential users of starch are Ihc plywood and 
textile industries, although the latter incr,.;iningly uscs 
chemical substitutc. These industries may in the near 
future develop further in Vietnam. Such adevelopment 
seems probable in view of the low wages in Vietnam. 
This would induce intcrmediate product industry, in 
other words starch industry producing for industrial 
end-uscrs. 3 A similar development could take place if 
feed industries, which already exist around major urban 
markets, were to incrcase in scale. Market information 
still needs to be collected on this issue. 

Issues for Research 

In this section, three possible is.3ues for future attention 
are briefly discussed: 

Lstirnatcd 
proportion (%) Prospects 

3-60 increasing with population 
3-60 continuing/decreasing 
10-40 potentially increasing 
small? potentially increasing 
2-05 stable 

3Again, resemblance to other Southeast Asian economics may be pointed out. In Thailand and Indonesia substantial industrial 
development led to the establishment of a strong cassava processing industry. 
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* 	The need for food balance sheets, 

The need for research on linkages between agricul- 
ture and industry, 

* 	The need to identify existing market rewards for 
using specific qualities ofsweetp )ato and other root 
crops. 

However, this is only a brief list of the issues
pertained to this discussion. Before going into the re-

search issues it should be noted that the Vietnam con-

omy is in a state transition towards market orientation, 
The essential characteristic of the developing countries 
in Southeast Asia is the growing importance of inter-

sectorial linkages between agriculture and industry. It 

could be argued that the wave of recognition in the kIst 

two years by agricultural researchers of this classic 
feature comes somcwhat late. Industrial as well atsgri-

cultural development depend to a large extent on govern-
ment policies. However, they depend to i much greater 
extent on slxntaneous processes of market formation of 

a large range of commodities and products. At this point, 
Vietnam is in a process of largely spontaneous market 
formation. This situation needs to be recognized by the 
government to guide more effectively industrial devel-
opment with the limited means available. This processwill take time and the outcome is not easy to predict. 

Food Balance Sheets 


One device often used in planning and commodity 
projection is a food balance sheet. A food balance sheet 
presents yearly production, losses, use for seed, in-
dustrial use, export/import and a residual calegory of 
consumption. It is an attractive method of calculating 
consumption because of its simplicity. It is useful in 
depicting trends. It should be appreciated that the actual 
consumption figures are a re1sidual category which only 
approximate national per capita consumption. A food 
balance sheet pre-supposes that the proportion of prod-
uce sold to the various marets is more or less known, 
a condition which could be mct in Vietnam several years 

from now. Food balance sheets are of no real use for 
specific business proportions be.:ausc they only present 
national averages. The use for planning agricultural 
research isself-evident. 

Research on Linkages 
Theconceptoflinkagebetweenagricultureand industry 
is of respectable age and it has often been observed that 
processing of agricultural produce (which is industry) 

is linked to its production (which isclassified as agricul
ture). Research on this issue more closely approaches 
the investigation of business and functional relation
ships between agriculture and business. These are ex

pressed by some in the form of multipliers indicating 
employment or vaduc added. In the case of Vietnam, this 
type of investigation could be quite bcncficial for sev
ecralreasons. The feed and starch industry are in a 
process of development and it may well be that there arcfatoers pushing the industry towards expanding scale 

xint to fie need for a stable year-roundwhich upually 
supply of raw pmterial. Some markets are already in 
opertion and analyzing trends in needs of raw and 

iner at e pd would e uite u f in a 

level planning. At the local level, the relation between 
pork production and swetpotat (and other root crops) 

production and processing warants some invstigation. 
In ddition, the ted industry may expand its production 
for chickens, which would lead to a multi-commodity 
exercise, including soybean, ctosava, swetlx)tato, maize, 
and i)ssibly sorghum. 

Quality Rewards 
Specific varieties and good quality sweetpotat() receive 
premium prices in the market for human consumption. 
Itisconceivable that starch producers, especially larger 
scale enterpriscs, would similarly reward specific varieties 
of swectpotato and cassava. Such a development has 

been observed for cassava in Indonesia resulting in 
variety-specific market segmentation. It must be er
phasized that analysis of rcwards given by traders operat
ing in different markets depends on those actors buying 
from the traders, retailers, orindustrics. Research would 
therefore have to focus on identification of rewards at 
specific market levels, which may not be identical to 
consumer preference. Such an exercise could possibly 
help genetic adontive research, and result in expanded 
farm incomes. ,amples for soybean, maize, and ground
nut in Indonesia can be found in Altemeier, Bottema ctIill 1f89). 

Concluding Remarks 

Nevertheless, it should be recalled that the success of 
business depends to a large degree on the abilities of 
entrepreneurs. Tenacity, patience, creativity, and ener
gy are all necessary in business establishment, a process 
wl;!('i is based on trial and error. It so happens that 
virtually all suc,:cssful entrepreneurs are good business 
economists. The reverse is not necessarily true. Aside 
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from stipulating the "potentialities" there is nothing 
much economics can do for business, 
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Analyzing Sweetpotato Marketing in South Vietnam:
 
An Informal Approach 

Zenaida F. Toquero1 

Abstract 

The paper discusses the research methodology undertaken by the author in order to have an initial
understanding of the marketing structure for swcelpotato inSouth Vietnam. The two-day reconnaissance 
survey was part ofthe International Development Research Center's (IDRC) research initiative in Vietnam 
which is aimed at providing financial and technical assistance to selected institutions in the country. The 
paper likewise summarizes tileresults of this two-day market study, the problems encountered during the 
survey, and the lessons learned from the exercise. 

Key words: swcetpotato, processing, marketing, Vietnam. 

Intiduction 

The International Development Rcsearch Center(IDRC) 
of Canada is now initiating work in Vietnam to provide 
limited financial and technical assistance to selected 
institutions in the country. The ultimate objective of this 
research initiative is to assist selected research and 
development (R&D) institutions in Vietnam in the pur-
suit of activities they have identified and prioritized in 
the socio-cconomic and technical postproduction fields 
for some important agricultural crops. Through such an 
initiative, it is hoped that solutions and/or rccommcnda-
tions can be identified in order to eliminate or minimize 
these problems. As part of this effort, both the Agricul-
tural Economics (AF) and Postproduction Systems (I)iS) 
Program of i)RC arc intercstcd in attempting to define 
a suitable entry point for their work. The Postharvest 
Economics Advisor (Asia) isassisting in this attempt by 
helping in the identification of rcscarchablearcLs and in 
theasscssment of research resource capabilities (human 
and facilities) in the country. This is done through a 
series of field visits, consultations, and discussions with 
technical and admini.;trativc/managemcn staff in 
various government, academic, and R&D institutions in 
Vietnam. 

Next to rice and corn, sweetpotato ranks third in 
importance as an agricultural crop in Vietnam. It is 
planted in every geographic region in the country with 
the central region accounting for 50% of the total production, the Red River Delta with 20%; Mekong Delta, 
9%; and the rest of the country, 21% (Phamand Bottema 
1989). Sweetpotato is an integral part of the life in every 
family in Vietnam (Truong and Vander Zaag 1987). 
Similar to other agricultural crops, sweetpotato may be 
faced with postlarvest constraints and problems. With 
the experience and help gained in root crops from IDRC
funded projects in the VisayL, State College of Agricul
turc (ViSCA), Philippines, and elsewhere, there may be 
some parallel rcsearch activities which could be pursued 
to improve the production and processing of these crops 
to generate value added income for small and marginal 
farmers. 

This paper is based on the author's field notes as 
part of her two-time visit (first with a joint i6RC-lnter
national Potato Center (CIr) team and last with an all 
IDRC: tcam) to Vietnam in relation to the IDRC's above
mentioned research initiative in the country. The root 
crop informal market survey isan integral part of lI)RC's 
socio-eco,mic and technical evaluation of the poten
tials and problems confronting the different major agri. 
cultural crops in the country. 

IDRC Posharvest Economics Advisor (Asia) and Visiting Scientist, Southeast Asian Regional Centcr for Gradute Study and Research 
in Agriculturc (SEARCA), Collcge, Goguro, Philippines. 
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Research Methodology in 
Assessing the Market Structure of 
Sweetpotato in South Vietnam 

Based on available literature and discussions with tile 
technical and research staffofthe Univcrityof Agricul-
ture and Forestry (IJAF), Hto Chi Minh City, South 
Vietnam, it was apparent that there is very limited 
information about the flow, processing, marketing, and 
utilizition of sweetpotato in the country. Theliimited 
studies done in this area were either location- or time-
specific, based on the availability of the funds and the 
interest of the person or agency condu:ting the study. 
There was no centralized planning, careful preparalion, 

nor adequate focus in the conduct of some market 

studies on root crops due partly to limited funds, tech-

nical expertise, and the closed market economy that 
have prevailed in the country until late 1987 (Vietnam 
followcd a socialist path characterized by broad govern-

ment intervention in the production, processing, and 
marketing of agricultural cr. ps espccially staples such 
as rice and corn until 1987). To better understand xost-
production system for root crops, a quick rcconnais-sance survey was, therefore, initiated, 

Planning of the Market Survey 

Through the assistance of the research staff from the 
UAF (headed by Professor Hiiu and two members of his 
,taff,Messrs. Hung and Ngai), a quick and dirly survey 

was conducted to understand the market structure of 
swcetpotato in South Vietnam. This was done by tracing 
the flow of harvested sweetlpotato from farmer-produccrs 
in the southern part of Vietnam to the retailer's level. A 
sample of two to three respondents in each market 
intermediary group, e.g., trader-distributor, big whole- 
salers, small wholesalers, wholesalcr-retailers, and re-
tailers, were interviewed informally, i.e., without any 
structured qu.stionnaircs, regarding their marketing oper-
ations, practices, and problems. Due to the lack of a list 
of names of market intcmicdiarics involved in sweet-
potato trade, compounded by time and resource con-
straints, no formal sampling scheme was used in this 
market assessment. A sample of two to three respon-
dents per market outlet was considered sufficient for the 
survey. 

Implementation 
of the Market Survey 

Respondents were contacted on the spot when tle har-
bors and markets in Ho Chi Minh City were visited 

during the two and one-half day market study. Thcy 

were selected on the basis of availability and willing

ness toanswcrquestions. TlC two IUAF rcsearchers who 
accompanied the Advisor made the necessary introduc
lion tosclectcd respondents regarding the purposcof thc 
visit and the kind of questions that would be a;kcd. In 
their introduction, it was always emplusized that the 
Advisor was from the Philippines doing a quick study 
oflthc market to serve as a basis for future II)w rcscarch 
initiatives in the country. Being a foreigner may have 
helped in eliciting the rt-slxndent's willingnes.s or eager
nec:s in entertaining our inquiries. In soni instances, 
however, non-fimiliarity with the language also posed
h o nsrnt.-he taking w it t lang ue tese 

a constraint. The taking oIpictures to docunent these 

market visits and observationsalso proved to be efkctive 

in establishing rappomrt and gaining the interest of relXnd

cnts. These differeni market intermcdiaries were eager to 
be in pictures and evcn their relatives and hired laborcrs 

were very willing subjects during the phoio ,cssion. 

thee as nstrut question are ared 
these market visits hut a list of questions was preparedfor recfral to guide the interviews. The questions or 
issues asked about were either expanded or shortened 
depending on the information volunteered and the will
ingncss or knowledge of the respondent. 

Advantages of 

Informal Survey Method 

The absence ofa formal quetionnaire helped make the 

respondents more relaxed and at ease in answering the 
questions. Interviews were conducted impromptu and 
the paccofthe inquiry depended on the case ordifficulty 
on the part of le respondents as well as UAFinterprcters 
in understanding the issues or questions raised. And, 
since the interviews were conducted in a very spoi
tancous manner, the majority of the respolidents volun
tarily shared infomation on their marketing experiences, 
practices, and problems. The on-the-spxt selection of 
respondents limited the size of the sample to only those 
who were willing or knowledgeable about the question., 

raised. Although some respondents were initially un
willing to provide information on costs, incomes, and 

pricing practices, an assurance that it was just for infor
mation purposes and had nothing to do with tax con
siderations helped in gaining the respondent's trust and 
willingness to divulge such figures. 
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Problems Encountered 

and Solutions Taken 


Several problems were encountered in the course of the 
informal survey due partly to the following factors. 

Author's unfaailiariy withi tile language resulted in 
complete dependence on thc knowledge and efficicn-
cy of the Vietnamese researchers in translating the 
questions correctly to the sample respolndents. literal 
translations of some of the questions resulted in a 
need for re-phrasing in order to ensure that tile qucs-
lions were interpreted correctly by IJAF staff and 
understood by the respondents. Consequently, more 
time was required per interview thereby reducing the 
total number of respondents included in tile survey. 

* 	 Limited grasp of the English language by the Viet
namese translators sometimes distorted thc idea or 
questions being raised, often resulting in erroneous 
answers. The author, therefore, had to be very alert 
and discreet in accepting the intepreted answers 
given by the transiators. 

* 	 Unfamiliarity of the tJAF research staff regarding the 
principles of capitalism and perfect competition re-
stricted or constrained their interpretation of the is-
sues on supply-demand relationships, price discounts,

rincentives,; dte to quntityand/or quality di fren-etc.orccn dpryoluenticyproblitydisrcn-ces, etc. To llysolve the prbethe Advisor
aptly r oe

resorted to sample casecs or situ~ations to effectively 

illustrate the meaning of price differential, discount

ing, and the like. 

" 	The interview session attracted a lot of kibitzers and 
curious passerbys, which sometimes distracted tie 
attention of the sample respondents and affected tile 
sm(o)th conduct of the survey. In some instances, 
these kibitzers were not satisfied toj ust watch and 
listen to the interview but even Volunteered unsolicited 
answers or coached the respondents on the kind of 
replies to give. These sometimes affected the nature 
and quality of rcsponscs by sample interviewees. For 
tile purposes of an informal assessment of the sweet-
poltato market, these interruptions can be tolerated 
and even useful (sometimes, depending on the infor-
mation being volunteered) to get a better feel of the 
market. [However, in actual rc,:earch surveys, the 
interviewer should try and keep his/her rcspondent 
away from the kibitzers or rclUCSt them to cooperate 
by not interfering during the interview session. A 
more diplomatic way to do it is to assure them that 
their ideas or opinions will also be solicited after the 
sample respondents have been interviewed]. 

Answers on prices, costs, and income were noted to 
be inconsistent or tlie range of values given were 
quite large in some market outlets under the same 
category. This can be attributed either to trade se
crots, unreliable memory of respondents, confusion 
or limited understanding of the question, or the re
spondcnts' nagr;ing f arof additional taxes. To partly
solve the problem, the respondents were always as
sured that the information shared would only be used 
for planning and research purposes and not for tax 
computation. When the cost figures given were real
ly extreme values (too high or too low) compared 
with what had been obtained from previous inter
vicwecs, additional questions were posed to the re
spondcnts to Lssist them estimate as accurately as 
possible the data being asked for. 

Market Structure 
of Sweetpotato in South Vietnamn 
Due to the limited number of sample respondents who
 
were included in this informal and unstructured sweet

potato market study, the discussion in this paper is by 
no means concluive. As stated earlier, the limited mar
ket 
standing ofsweetpotato marketing in South Vietnam as
 
one of the preliminary steps in assessing tie state-ofthe-art situation in root crops so as to identify the
 
potential entry point for II)R in supporting research on
these commodities. 

Market Flow of Sweetpotato 
Roots in South Vietnam 

The pattern of distribution of fresh swcetpolato tubers 
in South Vietnam starts from the farmer-producer who 
hauls his produce to the river banks, where trader-dis
tributors with their boats (either owned or hired for a 
fee) collect and combine these small lots of produce for 
shipment to the Ho Chi Minh market. At t lo Chi Minh 
Harbor, these boats are met by big wholesalers from tie 
different central markets in the city using different 
modes of transport to haul their purchased product. 
These transportation facilities vary in size, shape, and 
capacity depending on the volume of swectpotatoes 
purchased. These include big trucks, small trailer 
vehicles (e.g., Landro which is similar to Thailand's 
Tuktuk), pedicabs, or tricycles. These big wholesalers 
usually have permancnt stalls in the market where they 
operate their businesses. Big wholes ers sell their sweet
potato to small wholesalers, wholesaler-rcailers, and 
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retailers. Root crop consumers, especially individual 
householders, buy theirswectpotato fro nthesedifferent 
market intcrmediaries, ustully the retailers (Fig. 1). 

Marketing Practices 
at the Trader-distributorLevel 

Source of Sweetpotato 

iccording to the trader-distributors interviewed, they 
get their sweetpotato from farmers in the provinces of 
Hau Giang, Cuu Long, Rach Ghia, Loxng Anh, etc. These 
traders are either informed by the farmer-supplier of the 
impending sweetpotato harvest 2-3 days before actual 
operation so they will know when to come to the area, 
or they just come into the area during harvest months. 
Through experience, these traders already know the 
schedule of harvest in the different sweelpotato produc-
ing areas where they usually operate. 

Seasonality of Purchases 

These respondent traders reported some sesonality in 
their buying operations. Their reported peak purchase 
months were April :o August for sweetpotatocs grown 

in Rach Ghia, while peak months were September to 
Dccember for sweetpotatoes grown in Minh Hai. 

Boat Capacity and Cost of Transportation 

The boats commonly used by trader-distributors have 

outboard motors with capa:citics ranging from 8-40t 
depending on the kind, size, and shape of root crops 
purchased. The boats used for procurement consume 
about 30 liters of diesel and a liter of oil per trip. At the 
time of the interview, the price per liter was about USS 
0.27 for diesel and USS 0.87 for oil. The swcetpotato 
purchased from the farmers is priced either in bulk or it 
is sorted into small-and big-sized categories. According 
to the respondents, the price per kg of big-sized sweet
potato wit; USS 0.07 while it was USS 0.04 in the case 
of small-sized ones. When they are purchased from 
farmers according to size, the swctpotatoes are already 
classified and sorted when dumped inside the boat using 
sectioning partitions. 

Mode of Payment at the Farm Level 

Two modes of payment were reported by the sample 
trader-distributors. First, if the volume purchased from 
farmers was less than 15 t ofswcctlxtato, the trader-dis
tributorgavconly 10%of the value ofthe product tothe 

Figure 1. Marketing system for fresh sweetimtato in South Vietnam. 

Farmers Trader - distributors Big wholesalers 

S..Small wholesalers 

Household 

consumers[Wholesaler - retailers . 
consumers________________________ 

Retailers 
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farmer-produc! r aq advance paynent with the balance 
to be paid after all the root crops had been sold to the 
market which took about 4-10 days. Second, if tile 
volume purchlsed was C(lua to or greater than 15 t, the 
farmer-producer received about 20-25% of the total 
value of the crop with the balance given after tie crop 
had been sold by the trader-distributor in the market. 
According to some respondents, some tridcr-distributN-s 
just have run off with the money without reimbursing 
the farmer for the remaining value of his crop. Thus, 
many farmers are very selective and careful in trusting 
their produce to trader-distributors, 

Mode of Payment at the Wholesale Level 

When trader-distributors sell the sorted swetpotato to 
big wholesalers, a price mark-up of USS 0.01 kg is 
usually charged. Thus, big-sized swectpotaloes were 
sold to wholesalers !it USS 0.08 kg while small-sized 
ones were at USS 0.05 kg. 

In terms ofpmrket aircngement, trader-distributors 
do not provide price discounts to big wholesalers regard-
less of volume purchased. However, tese big whole-
salers can get sw4etpotatoes from the trader-distributor 
on credit for about 4-5 days or until te tratder-distributor 
had disposed of all the sweetpotatos brought to 1o Chi 
Mint City. 

Marketing Practices 
at the Wholesalers' Level 

Sources of Sweetpotato 
According to the wholesalers interviewed, their major 
suppliers of sweetpotatoes arc trader-distributors operat-
ing in Cantho, Dalat, and the ,,ckong Delta area (i.e., 
Long Anh, An Ghiang, Minh Hai). 

Peak and Lean Months of Sale 

May to August arc the reported peak months ofsale for 
sweetpotatoes. During this period, the average volume 
sold ranged from 0.7 to 5 t per day at a price ranging 
from US$ 0.09 to USS 0.11 kg. Conversely, the lean 
months of sale are January to Match when the volume 
of sales ranged from 0.3 to I t per day. The price of 
sweetpotato during these months varies from US$ 0.05 
to US$ 0.07 kg. 

Quality Preferences for Sweelpotato 

According to the sample wholesalers, their sweelpotato 
buyers (composed mostly ofsmall wholesalers, whole-

saler-rctailers, ;d retailers) expressed preference for 
swctpotatoes grown in Daltt because of their sweet 
taste, fine texture, smoothness, and generally cleaner 
skin. lIn terms of skin/flesh color, buyers prefecr purple 
and orange color which enhances the soup and other 
food recipes which use sweetpotato. 

Pricing Scheme 

The avcr"' c selling price ofswectpotato varied accord
ing to the month of sale. From April to August, the 
average selling price was USS 0.067 kg while it was 
US$ 0.106 kg the rest of the year. A price discount of 
USS 0.003 kg is likewise given to buyers if the volume 
purchased is greater than 100 kg. Moreover, there is a
price difference in swcetpotato sold to different market 
oullcts--USS 0.073 to USS 0.11 kg For small whole
salcrs and USS 0.08 to USS 0.13 kg for retailers. 

In terms of price differentials according to tuber 
size, the following information was obtained from the 
sample of big wholesalers: small-USS 0.04 kg; medium-
USS 0.08 kg; aund, large-USS 0.100 kg. Therefore, from 
the trader-distributors who classify their sweetpotato tu
bers into only smdl and large sizes, the big wholesalcrs 
reclassify tie tubers into three size categori"s-small, 
medium, and large. Thus, through re-classificalion, the big 
wholesalers can increase their profit from Ihe sale ofsorted 

tubers. 

Stall Rental 
The wholesalers interviewed have different types of 
stalls where they conduct their business. The bigger 
wholesalcrs have ermanent stall structures measuring 
about 12 x 12 n. where they sell their products and 
which at the same time servecs their living quarters. 

Small wholesalers and wholesaler-retailers on the 
other hand, have designated comers or spots in the 
market where they conduct their business under ten
porary roofs such as canvas, umbrellas, clothing materials, 
and plastic sheets. At the end of the market day (which 
runs frcm 4 a.m. to 8 p.m.), the unsold tubers are left in 
these temporary stalls and covered with sheets. Some 
wholesaler-retailers request their family members or 
hire/contract a watchman to guard the remaining sweet
potato. The monthly stall rental paid by big wholesalers 
amounts to US$ 93 while that for small wholesalers and 
wholesaler-retailers US$ 12-13, depending on space 
allotment and type of roofing materials used. Not one 
of the big and small wholesalers as well as wholesaler
retailers interviewed could tell whether the monthly 
rental fee was based on permanency of stall facilities, 

139 



measurement of the stall space, volume and/or value of 
sales, capitalization or net worth, or any combination 
thereof. 

Other Crops Sold 

All the wholesalers interviewed include other crops in 
theirtrading business in addition to swectpotato. This is 
doneas part oftheir market strategy to solve the problem 
of seasonality of production and to spread out the risk 
of low prices and unpredictable or limited supplies of 
the different crops they sell. Among the other agricul
tural crops sold by wholesalers are other root crops such 
as cassava, yam, taro, and turnips, as well isfruits such 
as watermelon, melon, mango, and banana. 

Mviarketing Practices 
at the Retailers' Level 

Sources of Sweeipotatoes 

According to the surveyed retailers, the majority of the 
sweetpotatoes they sell comes from big wholesalers, 
wholesaler-retailers, and small wholesalers in big mar-
kets around Ho Chi Minh City, such as Cau Moi and 
Cho Lon. 

Peak and Lean Months of Sale 

December to January were the peak nonths of sale at 
the retail level. During this period, the average volume 
sold per day amounted to 50 kg. Conversely, during the 
lean periods which occur duri ng February to November, 
the average volume sold per day ranged from 5 to 6 kg. 

Stall Rental and Other 
Marketing Arrangemrents 

retailers usually occupy smiall spaces to 

Retailers usually sell their sweetpotatos to regular 
costumers on credit for two to three days. Regardless of 
volume purchased, no price discount is provided to their 
customers. 

Similar to trader-distributors, wholesalers, and 
wholesaler-retailcrs, the swecpotatto surveyed retailers 
include other root crops and vegetables in their trading 
operation. 

Conclusion 

The informal market survey in Ho Chi Minh City, South 
Vietnam, ww; done by the Advisor with the assistance 

of two research staff from t1AF to gain an initial under
standing of the market structure of swectpotato. The 

informal, unstructured market study combined casua'l 
interviews of diffcrcnt market agents and direct obser
vation of the processes and fiacilities involved in the 
sweetpotato food system. Several problems were en
countered in conducting the study. In spite of this, 
however, the reconnaissance market study provided a 
relatively quick and efficient general understanding of 
swcetpotato marketing and processing in South Vict
nam. Through the casual, impromptu, but guided ques
tioning (unlike the usual "interrogative," formal 
interviews using questionnaires) the respondents were 
more rclaxcd and at casc in providing answers, some of
which may be considered "confidential" and not com
monly divulged during formal interviews. 
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Market Research in a Sweetpotato Food
 
Project in the Philippines
 

JulietaR.Roa1 

Abstract 

Failed efforts to sustained adoption of technologie-s has pushed discipline rigidity to an outmoded stance 
in agricultural development research. In came attempts at blending various client/bencficiary-researcher 
perspectives in multi-disciplinary, integrated research. This paper recounts the manncr by which tichnical 
and sociocconomic/markct research is integrated fOr the development of sweetpotato lood products and 
subsequently their transfer to potcntial technology users in a International Potato Center (cfll)-fundcd 
Visayas Stale College of Agriculture (ViSCA) project in the Philippincs. Interdisciplinary research 
interfaces arc attempted in all the stages of ihc product development cycle -from idea generation to the 
transfer of technology. 

Key words: integrated approach, market icscarch, product development. 

Intoduction 	 and defining food technology rt-search. Experience-s in 
rccarch design and idea generation should, therefore, 

This presentation largely deals with various market be strengthened through group discussion of lesson-, 
research efforts integrated into the International Potato learned from successful and failed research projects. 
Center (CIP)-supported Visayas State Collg g, of Agri- The documentation further led to the cnclusion that 
culture(ViSCA)swcctlpotato food] project. ViSCA'S goal market reseach traditionadly has not been paul of the 
is to develop relatively cheap and nutritioit.s Food pro- IOod technology process in developing countries. Tech
ducts for low- to middle-income h1ousetolds in url'an nological and market rescarch was generally taken up 
areas. The issue that may immediately come to mind is on a fragnicnary and compartmentaliid maincr. Some
the role market research plays in product dcve0lopmntl tiies in a way ;n which the food technologist work6d 
vis-d-vis a purely technologically-driven research that independently in the first phase only for the market 
produces innovative "Jcas anyway. analyst or economist to provide an anadytical evaluation 

of the product's market performance in the end. I is
A little bit of homework immediately brings us to necessary that market research and economic analysis 

several cases which were costly, wasteful, and even be combined in the same project (Young and Mac
failures both in terms of time and resources. These c;es, Cormc 1986). 
were significantly numerous, in fiact, to wan,ia the 
holding of a workshop in mid-1986 organized by the The following discussion that tses the CIP-ViSCA 
International Development Rescarch Center, and spear- project as a case in point holds the basic principle of a 
headed by its Postproduction Systcnis and Agricultural consumer-oriented or market approach to sweetpotato 
Economies Progrmns. Somc of the workshop's note- food technology research. Such an approach is premised 
worthy conclusions strongly highlight tlie need for mar- on the expectation of improved w iliation of research 
ket research to be integrated into the research process output and the increased likelihood of successful adop. 
starting right at the onset by selting atainable objectives lion of tchnology. Incorporating a market research 

[lead, Sociocconomi- Section, Philippine Roi Crop Rc.sarch and Training Center (PRCRTC). Visayas Stale College of Agriculture
(ViSCA), Baybay, L.cyte 6521, Philippines. 
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component in a development project entails added costs, 
but, in the long run, would be more cost effective in 
temis of implementation and delivery of research results. 
Oftentirxs, food technology rcsearch independently 
carried out without due consideration to user factors 
entails considerable opponunity cost and lag time be-
twcen technology generation to sustained adoption, if 
successful at all. 

The Integrated Approach 

A Sketch 

Long before the sound and fury of technology and 
market research theorizing, traders, retailers, financiers, 
and wholesalers have gone about the business ofCatcr-
ing to consumer needs and wants. In theirown practical 
ways, these business people have tried to innovate and 
sell products that fit demand. They made a living through 
market mediation and flourishled through practical, com-
mon sense. Yet, innovations were never wanting. That 
pragmatism without the sophistication of bookish tlico-
rizing brought about the commercial revolution of the 
Eighth Century in the Mediterranean Crescent. These 
early traders, in fact, were practitioners ofthe integrated 
approach. 

Almost a millennium later, the demands of profes-
sionalizing specialization to improve efficiency and to 
meet th,.,needs of modern science and industry led to 
polarizing the technical and social fields of science. 
Consequently, with feeding booming populations -;a 
major concern after the initial successes of the Industridtt 
Revolution, agricultural development raiscarn-h followed a 
tecimical-heavy production orientation and brought about 
rcsearcher-!'aised methods. Documented cases of failed 
technology adoption, especially in less developed coun-
tries poured in, starting in the 1970s: the top-down 
approach proved to be ineflective. Soc:d scientists 
clamored for change and ushered in the bottom-up, 
holistic, participative approaches with such popular catch 
phrases as the "farming systems" perspective; "farmer
back-to-farmer" model (Rhoades and Booth 1982),
"user 'perspectives" (Rhoades 1988). Technology and 

its application have become both the art and science of 
concrete articulation of "what exists" and drawing from 
this set of conditions the appropriate mix of interven-
tions or strategies. 

From such a backdrop, the integrated approach 
became a guiding principle in developing methods for 
technology generation and transfer. T6 integrate, by 
dictionary definition, means to bring the parts together 

or to make whole. The nuance conveyed here is to view 
a process in its totality, looking at all its parts or as
pects-a systems or holistic view. To tail to have this 
perspective is to lose the subtle synergios that result 
frorn a concerted action of all parts. In this sense, the 
integrated approach calls for interdisciplinarity, the sub
stance of which refers to more than one component, 
dimension or aspect, and thus, more than one discipline 
to carry out a research or development project (Castillo 
19X)). The practical application of the approach differs 
because tnere arc diverse ends or goals, different levels 
of complexity, and various types or natures of projects. 

The Technicad and MarketResearch 

Skillful and shrewd entrepreneurship in small or big 
enterprises i.. a practical, glo%, ing example of dexterous 
handling of technicalities and the human agenda. Busi
ness success is measured in several way. , ergo, prof
itability, and contribution to welfare. The analogy in 
government or externially-funded product development 
research is the approprite blending of technical and 
market research with a continuous interface at various 
stages of developnent. This can be illustrated in the 
following example. 

In an attempt to approxima'e integration, the pro
iect team (i.e., technical and socio-economics) empha
-,zedteam planning, team discussions of methods and 
results, and consensus decision-making. The inputs of 
collaborating ('1 scientists served as important cata
lysts in forming a holistic framework and user-oriented 
methods. Thus, a market-oriented approach in develop
ing swcetpotato food products was adopted in the hope 
of ensuring a relatively cost effective process in the long 
run, despite the incre.sed*cost outlay for market re
search. The final test, after all, of a product idea or 
innovation is whether a product sells in the market, or a 
te::hncigy is adopt, I and has impact. Consider the 
schema in Figure 1. The discussion draws from this 
project's experience. 

Idea Generation 

For getting idce; to develop product concepts or proto
types, the market needs to be explored. In the case 
project, market opportunities ofwheresweetpotato pro
ducts could fit were identificd through consumplion and 
marketing surveys. These, in addition to technolegical 
literature research and review of experiences in food 
technology research, formed a wider range of pos
sibilities to choose from for a better product market fit. 
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Figure 1. Stages of product development with research interfaces. 

Sta. e Technical Research Market Research 

Ida generation Technological literature 
research/review of 

experiences 
•-

Consumer surveys 
Market inventory 

Informal farm-market 
surveys 

Screening/evaluation

I Brainstorming 

v 
Product/process 

development 

Experimentation product;
concept tested continuously 
at lab (product-process-raw 

materials) 

4--
Product profile and raw

materials specific 
aclions from 

consumer/farm market 
survey 

v 

Product testing Shelf life test 
Packaging tests 

Lab. acceptability test (sensory 
evaluation/taste panel) 

-
Market research: 

* distribution competition 
consumer testing 

Pilot testing 
V 

Skills/hands-on training 
of technology beneficiary 

Pilot runs 

Consumer test-feedback 
C o di iate st 

Fia makedf tenstFinal market test 
Feasibility preparation 

Y 
Commercialization Final product developed and 

commercialized 
• Market launching; product 

promotion market 
monitoring 

The result of technical research alone could be quite stages, from screening ideas to formulation of market
similar to that of the combined appioaches but one never ing strategies.
knows when and where the two could be similar unless
the process iscomplete. Can it, therefore, be argued that Tile surveys confirmed that low income urban contechnical research alone suffices? Not without the sumers are largely consuming junk food such av chip
grcaterriskofamismatch.Awider-basedrngeisbetter pies as a leisure food or hunger-filler in an alreadythan anarrower one. Besides, the generation of product deficient diet. The food budget isonly about P-50-70 for
ideas is just one of the service outputs of market re- ahousehold of six and is, in real terms, lower compared
search. Other information would be useful in later to the same budget in the ruralareas where produce from 
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household gardens or farms greatly supplements the 
diet. The producl inventory is nowhere advantageous to 
this target market because nutritious products are usual-
ly costly. And where poor households have to utilize 
fully time for work to afford living in cities, food 
convenience is a highly desired. These people know the 
importance of nutrition and would have decided to buy 
nutritious food, but the range of affordable choices is 
very limited. Their preferences and consuming and 
buying patterns were also noted. Thus, the opportunity 
of providing for this substantial food gap for low-middle 
income households in urban areas is present. The food 
technologist, then, is presented objective information, 
not just casual observation in developing tile product 
prototypes. Product possibilities include chips, hotcake 
mix, soup mix, instant variable powder, and nm)odles. 

Screening/Evaluation 

To screen and evaluate product ideas, the target market 
rriistbeharctriztioesribd. ofse, b vaiotL% 

must be described. Characterization of users by vrioues 
categories, suchas income, difference in preference
patterns by age or sex, or other consumer differences 

helps greatly in screening ideas and refining products. 

These help in determining the need for product di ffercn
tiation, what type, how and to what extent, and in 
marketing strategies, i.e., size of pack, price guide. 
Reliance on purely technical brainstorming is rather 
limited. There is nothing like really understanding the 
market is a guide for evaluation. A consumer survey, 
as in the example cited above, is ideal if the charac-
teristics of the target market have not been defined. 
Secondary data from other similar surveys or relevant 
official statistics should beexplored so that primary data 
gathering, if needed, will be more focused and defined, 

Product/Process Development 

Product profiling and raw material specifications based 
on consumer and market surveys are essential inputs 
into the experimentation in order to develop the screened 
product is having market potential. Farm-market sur-
veys provide information on raw material availability 
and their production and market conditions, noting sea-
sonalities and prices. Various widely grown sweet-
potato cultivars, e.g., Bureau, Miracle, Leyte, Central 
Luzon, Karingkit, and Samar-Lyte, were included wit h 
the VSP's in screening for desired product traits. The 
supply of root crops could be a constraint to processing 
as inthecaseofcassavastarch. It is, therefore, important 
that at the early stage of product development, supply 
and cultivars' nerformance-both in production and 
processing, be assessed. Experimentation isan iterative 

process of testing for the fit ofprocess and raw materials 
to -everal product options. Shelf life and packaging tests 
are part of the experimentation. Several packaging ma
terials are being tried out to get a longer shelf life for the 
product at a reasonable cost. Based on supermarket 
inventories of similar products, for example, lie proto
types should attain a shelf life of at least six months. 
Sources of packaging materials, their availability, and 
prices ac olher details which need attention. Packaging 
affects costs and this can be taken for product differen
tiatioa to cater to various types of markets-the low to 
middle income continuum is of several shades by age, 
:;ex, income, or even food habits. 

Important parts of process development are tile 
design and fabrication of tools and equipment and the 
stidardiition of the prwcess. Simple pnce.ssing equip
ment such as the adjustable gauge slicer were designed
and fabricated for the making of swcetpotato chips. The 
Lo~rena stove whtich economi/es on fuel was recoin
mended for e eon . Ap oe chi ro

mended for expanded operation. A prototype chip pro
cssing assembly was set up which can beI modified to 
fit other products to utilize rejects/waste and/or to op
timize th~e time or equipment capacity. 

Product Testing 

When the product/process mix is complete, accept
ability tests are conducted at the lab level by a trained 
sensory/taste panel. Consumer tests were undertaken in 
identified target markets with products being evaluated 
as acceptable at the lab level. Feedback from consumer 
tests led to further product improvement. The descrip
tion of the target market determines the different ways 
of stratifying the market. A carefully designed con
sumer test is helpful in the formulation of marketing 
strategy. 

Take the chips. Sensory evaluation showed a high 
acceptability rating in crispiness, texture, aroma, and 
flavor for VSP-1 and VS1-4 with the standard thickness 
at 1.5 mm. These were then tested by a sampling of' 
consumers in the cities of Manila, Cebu, and Tacloban. 
A high favorable rating showed again for vsP-1 and 
VSi3-4 with both sweetened and flavored chips as having 
potential markets. Consumers, too, suggested affor
dable pack price and preferred packing. Results, there
fore, led to modification of ideas about the standard 
product and process. At this early stage, even before 
introducing at pilot sites, the product profile has been 
made. 
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Pilot testing 

A lab-scale pilot is most useful in product-process de-
velopment, but realistic hard facts to determine viability 
can only be through pilot testing the technology with 
identified target clientele. While technical skills are 
transferred by hands-on training, the output is tested 
continuously for quality to be ready for consumer tests 
where feedback again provides inputs for refinement, 
Testing and equipment verification under local condi-
tions provides the basis for a realistic feasibility study. 

The farm-market surveys at the early phase of the 
project already provided infornation that helped assess 
for potential pilot sites and technology beneficiaries, 
Potential supply and competitiveness of prices of fresh 
sweetpotato roots, vis-d-vis processing, were critical 
information which was also gathered. Knowledge gained
of the sweetp,:ato production system made for a clear 
understanding of the supply-processing linkage. ThtLs, 
the i,,erfacu of'marketing research (early phlase), with 
the later stage of the product development cycle (pilot-
ing), is seen in this example. 

Commercialization 
The final test is tie commercialization of *he product.
The various types of market research and the different 
technological processes combined to develop the final 
product-screened, tested, and refined to rcally fit market 
demand. A clear-cut market description isan important 
step to promotion strategy. A certain level of market 
assurance based on the research done in varions stages
increases the likelihood of sustained adoption of the 
technology. 

Product development, however, does not end here. 

While human behavior changcs and is modified so doe's 

the market. The process of market research feeding 

information for technical changes in the product to fit 
changing demands is a cyclical process. 

Conclusion 
Some scientists and researchers still are uncomfortable 
with the proposition that market research should always 
be part ofany product development effort. This canarise 
partly from a misunderstanding that market research 
always involves huge financial resources, large, sophis-
ticated, long formal surveys, and overdue results. These 
do not necessarily have to be the case. Market research 
design will depend on goals and available resources. An 

intensive exploration ofsecondary information and cost
effective informal surveys can give a comprehensive 
view of the market and consumer behavior in a timely 
manner. The availability of resources, in some cases, 
gives the researcher the option to design for optimum
market information. Many projects doing this have made 
substantial contributions in terms of generating infor
mation useful in other related projects beyond their 
spans while serving their own ends. These positive 
exlernalitics are iart of the beneficial returns to invest
mcnt inmarket research while increasing the likelihood 
of consumcr acceptance of the product, and thus, im
proving the likelihood of sustained technology adop
tion. Substantial investments in market research tended 
to result in long-run cost effectiveness of technology 
development. 

In whatever form and degree of sophistication mar
ket research takes, the basic idea isthat product develop
nient be geared to satisfy the real needs and wants of the 
end-user. Depending on the project, types of informa
tion gathered may differ, but tile basic principle of 
understanding users remains. Simply put, market re
search involves getting inlormation about people so that 
research results are fully utilized. Ina looser context or 
in less than ideal situations (which much product re
search is), this may tbe carried out by different people 
(ordisciplines) with the propcroricntation, but the work 
needs to be coordinated and results available at each 
stage of the development cycle. 
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Evaluating the Potential for Sweetpotato Products in 
the Philippines: SEARCA's Experience 

Ana G. Abejuela1 

Abstract 

In line with the Southcalst Asian Regional Center for Graduate Study and Research in Agriculture's 
(SEARCA) thrust of accclerating research results utilization, the Research Utilization Project (Rut') with 
funding support from the Intcrnationa Development Research Center (I)RC) of Canada developed a 
procedure for identifying research results with potenlial lor commercialization. The procedure is composed 
of three weighted criteria n:amely: marketability (40'/';), technical fewibility (30%), and profitability (30%). 

The results of the evalution revealed the following: (I) the procedure can discriminate among the 
technologies that ready u:;'. ability distinguish between marketable andare f'or commercial i.e. to 
non-marketable products as shown by only one out of four evaluated processed swectpotato products 
recommended for comnmerciali/ation; and, (2) to dctcrtuinc the marketability of thc product is the most 
expensive part of the evaluation in terms of money and time spent. 

SEARCA's experience emphasized the marketability or substantial demand for a product/technology as 
a major pre-requisite to commercial utilization of research results. 

Key words: research results, commercialization, utilization. 

Introduction charged with developing a procedure for evaluating the 
potential commcrcializaition of research results. 

"Research, to be ofvalue, must contribute to technology 
that could positively affect the lives of the people and A research result is defined as a product that em
their economic position. The ultinmatc test, therefore, of bodies an innovation; and its commercialization is said 
the value of any research activity is the extent with to have happened when the number of users adopting 
which its result has been utilized on a su.stained basis" the innovation is large enough to have a significant 
(Gomez and Abcjucla 1988). These two baic state- impact on their wcll-being. 
ments became the creed tha.tlSt ARCA has been promoting through its ReseaJrch UtilIi/atioti Project (RIJP) in the This paper will discuss the development of this 

thre e searh evaluation procedure in which research results on sweetpast three years. potato played a major role. 
SEARCA emphasized the importance of research 

result utilization by making this one of its major thrusts 
in its five-year plan which started in 1989. RUP, then, RUP's Evaluation Procedure 
was conceived with the main objective of hlstcning and 
increasingthe frequency ofcommercializaltion ofresearch With some funding support from IDRC-Canada, RUP 
results. Inordertoachievethis objective, the project was developed a procedure to evaluate the potential of a 

lead, Research Utilization Project, Southeast Asian Regional Center for Graduate Study and Research in Agriculture (SEARCA), 

College,Laguna 3720, Philippines. 
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research result forcommercialization--a procedure that 
can identify research results ready for commercial uti
lization. 

There are three primary criteria used in this proce-
dure and these are: marketability, 40%; technical feasi-

bility, 30%; and profitability, 30% (Table 1). Thu, t 
bine a30%;profitabilt's 30%otableforarh Thusto
determine a research result's potential for commer-
cialization, it has to undergo three types of evaluation: 

to determine potential com-marketability evaluation 
mercial demand; technical feasibility evaluation to de-
termine if the resewuch result is tech nologically workable; 
and profitability evaluation to determine financial and 
economic gains, if utilized. 

Marketability 

This is the heart of the procedure. The basic issue 
addressed by this criteria is: "Is there a demand for this 
certain technology?" Evaluating all other aspects of the 
technology, such as the technical and pofitability aspeels, 
is useless if there is no demand for the technology. What 
propels a technology to be utilized commercially or 
otherwise, is that there is a need for it. An accurate 
reading of the market is very important before pushing 
a product or technology for commercialization. Under 
this criterion, the technology's demand is determined, 
its competitive edge over alternative technologies is 
assessed, and the technology's potential market share is 
estimated. 

Technical Feasibility 

A research result is technically feasible if its technical 

performance is acceptable and can be mass produced 
easily. The technical feasibility evaluation looksintothe 

technical soundness of the technology. This means look
ing into if the technology or research result does what
it is designed to do. The cost and availability of produc
tion facto.,s required for maLss production are also deter
tin factrs equion.
 
mined in this evaluation.
 

Profitability 

The profitability criterion looks into the financial gains 
the technology will generate for the end user as well as 
the economic benefits utilization activities will give to 

the community, country, or society. The financial eval
uation uses the basic financial ratios used traditionally 
in determining financial profitability. These arc the Net 
Present Value (NI'V): the Internal Rate of Retur (IRR); the 
Return on Investment (ROI); and the Payback Period (1P1I). 

Using these criteria, the research result is rated from 
1-5 with five as the highest rating. Ratings are then 
multiplied by the assigned weight to get the weighted 
rating. An overall weighted rating of four to five indicates 
that the research result is ready for commercialization. 

This procedure has been used to evaluatc th.e potcn
tial of six root crop-bLsed research results for conmer-

Fable 1. Criteria for evaluating commercial potential of research results. 

Criterion 
Weight 

(%) 

Market feasibility 
Substantial demand 
Competitive edge over alternative technologies (products) 
Potential market share 

40 
10 
20 
10 

Technical feasibility 
Technical soundness of the technology 
Availability of production factors 

30 
20 
10 

Profitability 
Financial 
Economic 

30 
20 
10 

Total 100 

Source: Abejuela el a!. 1989. 
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cial utilization. These research results are Delicious 
Sweetpotato; swcetpolato catsup; swcectpotato jan; swcet
potato soy sauce; cacharon, and c,;sava flour. For pur-
poses of discussion, only tieevlution ofeswert.tato 

Evaluation Activities 
research results previously mentionedare root crop processing tpctlologies which the Visays 

a rit 
State College of Agriculture (ViSCA) has developed. 
All four sweetpotato processed products underwent the 
three types of evaluation mentioned in the preceding 
section, 

As expected, the most critical and time consuming 
portion of the procedure is the evaluation of the pro
duct's marketability, i.e., the determination of demand. 

Market Research for 

Sweetpotato Processed Products 


A major activity of the marketability evaluation is the 
c(,nduct of market research through a Usage, Attitude 
& Immage (UAI) survey on four product categories where 
tihe swcetpotato processed products belong. The survey 
was done in seven key trading arcas and in areas where 
root crops are grown in the Philippines, covering Luzon, 
Visayas, and Mindanao. These product categories are: 
soy sauce for sweetlpotato soy sauce; jam/jelly for sweet
potato jam/jelly; catsup for sweelpotato catsup, and 
dried fruit for Delicious Swecipotato. In the case of 
Delicious Sweetpotato, a taste test was also done together with the IJAt survey. 

The identified respondents were homemakers
products,

tOs waklee carge ote households v id con-e.,
soy sauce, jam/jelly, and catsup; and, individual con-

sumcrs aged 12-60 years old from the same household 
for the dried fruit-snack item, i.e., Delicious Sweet-
potato. A total of 700 homemakers and 7(X) individual 
consumers were interviewed. The individual consumers were also tie tastetest respondents. c 

The UAI survey gathered data on market size/growth/
shares; usage, consuiipt ion, and purchlse habits of* 

consumer-respondents; product needs/satisfIaction; pro-
duct positioning; pricing; product awareness, and the 
source of awareness, 

Market Research 

Results and Findings
 
The UAI survey results showed that consumer.%
are not 
particularabout what these processed products are made 
from. What matters to them is the quality of tie final 
product; whether their preferences are met by the pro
duct; and, iftie attributes they look for in a particular 
product are present. Thus, the fact that they are made 
from swectpotato does not bother them, especially ifbefore trying or using the product, they do not know that 

is a processed product from swctpotto. 

To support these findings using the gathered data, 
RUP nmadc a product-market fit analysis for each of tile 
evaluated products. This analysis was really a process 

of determining how a product fit market needs. A sum
mary of this analysis is shown in Table 2. 

The household products, i.e., swctJ)tato soy sauce, 

jam/jelly, and catsup do possess the basic attributes the 
market looks for (Table 2). These products also satisfy 
tile needs of consumers in the same way as the currently
available products in tile market. These products were 
rated to have parity product-market fit. 

Delicious Swcetixtao was noted to have a superior 
product market fit, i.e., it satisfies the needs of the target 
consumers more than the currently available products 
in the market. The basic attribute the market looks for 
in a dried fruit snack food is sweetness. Delicioufs sweet
potato is not only sweet, but also delicious, nutritious, 
and cheaper than its main competitor, dried mango. 

Result of Evaluation Activities 
Of the four processed sweetpotato products, only one is
recommended to have very high potential for commer
cialization (i.c, a score of 4.10). One was recommended
for commercial uitiization with reservation, while thetwo others were not recommended for commercial ui
liiina httm.Tbe3sostertnsfrec 

of the four sweetpotat( products. These results can be 
summarized as follows: 

Technical feasibility, as expected, is satisfied by thefour products (research results). Marketability and 
profitability, however, are tile two criteria failed by
the three products (research results) that were not 
recommended for commercial utilization. 
The quality of the product which is already in the 
market and is to be substituted for by the product 
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Table 2. Product/market fit ror root crop-based food products. 

Delicious Sweetpotato 

Market side: 
Minimum require- Dried fruit-like 

ment the market snack food that is 

needs sweet
 

Other attributes 	 Munchy 
required 	 Reasonable in price 


Has pleasant smell 

Always available 

Attractive color 


Selling price t 22.0/100 g Dried 

(top brand) mango 


Product side:
 
As per research Delicious SP is 

brief 	 cheap, delicious, 


sweet, and 

nutritious 


As per taste test Delicious 
done: like attri- Sweet 
butes (voluntary A bit sour 
answers) Sweet/sour taste 

Tastes like dried 

mango 

Overall rating 	 Very good 

Average cost 	 P 9.72/100 g pack 

Prognosis Superior product-
market fit 

Source: Abejuela el al. 1989. 

Soy sauce 

Soy sauce that adds 
flavor to cooking 

Delicious dip 
Must complement 
taste of any fried 
food 

Good marinade 
Reasonable price 
Always available 
Has pleasant smell 

R4.70/320 ml bottle 
Silver Swan 

Soy sauce is a 
delicious dip 

Tasty 
Delicious 
Smells good 
Taste like other 
brands 

Good 

P 7.52/320 ml bottle 

Parity product-
market fit 

Jam/jelly 	 Catsup 

Jam/jelly that is Must complement taste 
nutritious of any fried food 

Can be used with Adds flavor to certain 
any kind of bread food like spaghetti, 
or biscuits pizza, etc. 
Reasonable pnce Reasonable price 
Not too sweet Fine texture 
Has a pleasant smell Not too sweet 
Economical to use Availability 
Always available 

P 14.10/215 g Lady's P 5.45/320 g bottle UFC 
Choice guava jelly 

Jam is a nutritious CL.Is o is a cheap food 
and delicious sand- flavor enhancer and 
wich spread or a delicious dip 
filling 

Not too sweet Very delicious 
Delicious Red color 
Sweetness is just Better than banana 
right catsup 
"Balanced" taste Not sweet nor sour 

Tastes like other jam/ Comparable with other 
jelly brands 

Good 	 Good 

P213.82/215 g bottle P 9.07/320 g bottle 

Parity product- Parity product
market fit market fit 

Note: Prices and costs are based on 1989 canvassed prices. 

(research result) isclearly ani important determinant The procedure was able to discriminate among tech
of the commercial potential of a new product (re- nologies with respect to the potential for commer
search result). Excellent competing products make it cialization. For example, only one out of the four 
more difficult for a new product (research result) to scipotato products (re h results) was considered 
be commercialized, ready for commercial utilization. 
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Table 3. Weighted ratings on potential for commercial utilization of four root crop-based 
products.a 

Criterion 

Market Feasibility

Substantial demand 

Competitive edge
 

over alternative 
technologies/ 
products 

Potential market 

Technical Feasibility 
Technical soundness 
Sources and cost of 

production factors 

Profitability 
Financial 
Economic 

Total weighted rating 

Source: .4bejuela et al. 1989. 

Delicious Sweet- Sweet- Sweet. 
sweet- potato potato potato 
potato catsup jam soy sauce 

0.35 0.40 0.25 0.40 

1.00 0.60 0.60 0.60 
0.35 0.40 0.30 0.35 

0.80 1.00 0.80 0.80 

0.20 0.20 0.20 0.20 

0.90 0.40 0.20 0.20 
0.50 0.30 0.30 0.30 

4.10 3.30 2.65 2.85 

aResearch results are based on the evaluation criteria given in 'rable 1. 

Post-evaluation Activities 
During the ceurse of RUP's evaluation activities, some 
groups came to know about what the project was doing 
and expressed interest in RUP's work and the transfer of 
some sweetpotato research results. RUP, for its part, acts 
only as a bridge between the prospective user and the 
researcher. A few of these experiences are cited here. 

San Pablo Choice Foods. This company is engaged in 
the export ofprocessed coconut and ot her fruit products, 
e.g., coco candy, jam, and sweetened tamarind. Their 
interest in sweetpotato processed products began when 
the provincial government of liguna sponsored a trip 
to ViSCA forsome farmers and processor/entrepreneurs 
from the Province. Delicious Sweetpotato was the pro-
duct they were interested in. They inquired about the 
whole process and about the feasibility of commer-
cializing it. A series of meetings transpired between 
them and RUP together with the researcher. After some 
product tests and market scanning abroad, the company
requested some modification of the product. This was 
relayed to the researchers. During these meetings, inter-
est in other sweetpotato processed products was also 
generated and the company bought samples of the other 

sweetpotato products, e.g., sweetpotato powder and 
sweetpotato chips to test the product acceptability in localand foreign markets. Feedback from the market was 
given to us or to the researcher. These activities gave 
the researchers information and knowledge of what the 
market wants and they were able to so some reformula
tion or adjustments on the product to suit market re
quirements. 

A'ta Productsand Machinery Works, Inc. This com-
Aa is involvad Mac in gof s , Inc. Thisco
any ts involved in the procssing ofswetpotato (VS-3) 

as a cheap, prtial substitute for con in animal feeds. 
RJP got to know them through the Swectpotato Pro
ducers and Processors Association which was headed 
by one of the people involved in running the company.
RUP got interested mainly because they were using a 
ViSCAvarietyandRUPresearcherswantedtoknowhow 
effective their activity was. RUP also referred them to 
persons and institutions engaged in sweetpotato re
search for feeds, such as the Institute ofAnimal Science 
of University of the Philippines at Los Bafios (UPLB), 
ViSCA, International Potato Center (CIP), and Soutbeast 
Asian Program for Potato Research and Development 
(SAPPRAD). 
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Project staffalso had the chance to visit a feed plant 
in northern Philippines. RUP came to know later that the 
company had some problems in procuring nw materials 
as well as with financing for operating the fRed mill. 
Though initial production catered to backyard hog-
raisers in the province where the plant is located, the 
company wanted to target large-scale hograisers as well 
so as to boost its credit standing with the banks. Initial 
feedback from the company, however, w'zvs that they 
were reluctant to adopt the technology since tie long-
term effect of the use ofswectpotato feed ingredients in 
a large-scale hog enterprise in the country has not yet 
been established. They did not want to risk financial 
losses because of low productivity due to changes in the 
feed formulation. The othclquestion posed by the corn-
pany to RJn staff concerned the regular and sustained 
supply of root crops, which would be required by them, 
becatse such supply is known to be erratic. 

The Philippine Department of Science and Technol-
ogy (I)OSI). 1)OSil' embarked on a comprehensive tech-
nology transferand commercialization program in 1990 
and tapped RUlP to do feasibility studies on research 
results it has evaluated. From the sweetpotato research 
results, a feasibility study was done of Delicious Sweet-
potato as an export commodity. Market research aimed 
to determine the preferences of foreign consumers for 
dried fruit snack foods. It wats found that loreign con-
sumcrs prefer natural foods with no artificial additives. 
The current trend in the market is that of "hcallh foods." 
Some foreign importers signaled their interest to test 
market the product in their own countries. Rtl' staff 
have left DOS1t" personnel to do the matching of ir-
porters and interested processors. 

Proposed project on sweetpotato production and 
processing for agrarian r-eforn beneficiaries. A rc-
search institution is currently studying the possibility of 
a multi-million peso project for agrarian reform bcnefi-
ciaries on sweelpotato production and processing. 
SEARCA's input to this project proposal was the -mirkct 
information on sweetpotato processed products it had 
gathered over the two-year research period. The idea 
behind this project (i.e., that massive planting of sweet-
potato by the farmcr-bencficiaries), will only be achicved 
if there is an assured market for this produce and that 
there are processing facilities in place. 

This exercise with the institution concerned is a 
realization of one ofRUl's proposed recommendations, 
namely, that proposals for funding should show that the 
results of research and development (R&)) activities 
have high potential for commcrcialization in order to 
warrant financial support from donors. 

Conclusion 

SijARCA's activities involving sweetpotato rescarchand 
utilization are limited. This is due to the fact that the 
sweetpotato research results were incidental parlici
pants in our development of the evaluation procedure. 
This exercise, however, demonstrated several poiits. 

The need for the input of user's/entreprcneur's!in
vestor's criteria in the evaluation process of new 
technology to cnhance subsequent utilization. 

The gap that existed between gcnemtors of research 
and the target users. This gap showed a major weak
ncss in processing research, i.e., that most research 
done in the past was technology driven. Intended 
beneficiariesiusers were thought of only when the 
results of research were ready for dissemination and 
researchers found out thai these research results were 
not really needed by the target beneficiaries. The 
outcome then is that most research results end up 
only in journals and :ire not fully utilized. 
The importance of doing , needs assessment of the 
identified target users/beneficiaries or doing market 
research prior toany research activity (ex-anteevalu-

The importance of having a comprehensive and bal
anced procedure for evaluating a research result's 
readiness for commercialization. This procedure 
should evaluate all aspects affecting the commer
cialization process, e.g., market, technical, and econ
omic and financial. 
The importance of the target user's participation or 

input throughout tie research process front project 
conceptualization to utilization. 

The above conclusions highlight tile importance of 
doing markct-drivcn research. With funding for research 
getting more scarce, especially in the developing coun
trics where R&) for science and technology are not 
priority areas of governments, it has now become im
perative that these activities focus on market needs so 
that results ire commercidized. Though a markct-drivcn 
research process entails a larger initial funding require
ment than traditional (i.e., tcchnology-driven) research, 
this process comes out to be more economical in the 
long run. Not only will this type of research procss 
prevent costly mistakes, as well is financial losses, it 
will also facilitate faster transfer of technology to the 
intended beneficiaries. Applying this logic to sweet
potato R&t) will surely boost the chances of success in 
the commercialization of sweetpotato research results 
and in so doing enable market researchers to help im
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prove the lives of swcctpotato famiers. Understanding 
identified target users/ beneficiaries (tile market) of 
technical research results through marketing rcsearch is 
one such step which will help achieve this objective. We 
at SEARCA would like to think that our project activities 
we have contributed something towards that end. 
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Prospects and Constraints for
 
Sweetpotato in Indonesia
 

A. Rachim, H. Malian,M. 0. Adnyana, andA. Dimyali1 

Abstract 

This paper illustrates the strcngtihs, wcaknesscss, opportunitie.S, and threats to sweetpotato in Indonesia. 
It evaluates trends in prod UtCion; the comparative advantage of swectpotato (production cost and return 
analyses); nmarketing and utilization; and, government policy and st rategic intervention. 

Swcetpotato is more prolitable than any othcr major palaoija (secondary) crop, such as maize, soybean, 
groundnut, or cassava. Over lie past decade, dicmand for swcctpotato as a food (fresh root) his declined. 
Durnand for feed and indtstri:il products is still limited, especially compared to the demand For clssava 
products. Government poliicy and strategic intervenlioll over t he past Pelita (five-year development plan) 
has given less priority to ;v;Cctpotalo than soybean or miize. Most recently, however, the Government 
of Indonesia ((i)t) I.s 1ic n top priorily to the crop divcts ilication program. The .strategyFor implement
ing swcctpotato prodictintii will depend subs tan tiilly on improved produtction IccIno logics, soil and Innd 
suitability, and socio-cconlomic conditions. 

Key words: production, yields, utilization, marketing, costs and refurns, processed products. 

Introduction Swccpotato is acrop of considerable unrealized 

potential. Its popularity is due io high productivity, 
Agriculture plays a major role in the Indonesian coon- suitability in mixed cropping systems, and relatively 
omy. In 1986, about 26/t of the Gross Domestic Prod uct low labor inputs. Also, swectpotato has a high nutition
(GD1') was generated by Ihe agricultural sector, and 61 "2c al value. It is a good source of carbohydrates, carotene, 
ofthis originated from food crops. In the same year, the ascorbic acid, niacin, thiamin, and minerals. In addition, 
estimated contribution of sweetpotato was about 0.7 it is rich in Viamins B2,C, and crude protcin(FA) 1988). 
percent of the total food crops' cotntribution (Pakpahan 
et al. 1990). More than two-hirds oflthc population live This paper is based on a study designed to assess 
in rural areas where more than half of thc population the strengths, weaknesses, opportunities, and threats to 
depends on agriculture. swcctpotato in Indonesia. The study focuses on evaluat

ing production trends; the comparative advantage in 
The role of sweelpotato for hunmul food is stil terms of sweetpoltato costs and returns to production; 

dominant. Food balace sheet data for 1987 show that marketing and uliliiation; government xlicy, and stra
1.77 million t or 88% of swcctpotato production was tegic inierventiot for a swectpotato research program. 
used for human consumption, while utilization for feed The study was carried out through a litcratuxe reviews 
was only 40,000 t or 2% of total supply (Central Bureau and analyses of Central Bureau of Statistik (CBS) 
of Statislik 1987). data. 

Associate Agricultural Iconomist; Associale Agricultural Economist; Agricultural Fconomist; and Root-Crop Rcsarch Coordinator, 
respectively, Central Rcscarch Institute for Food Crops ((RIFC). Bogor, Indonesia. 
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Trends in Sweetpotato Production while root crops and pulses each accounted for about 

one-fourth of the palawijaarea. 

Changes in Harvested Area harvested of palawijacrops and sweelpotato 

Area of Palawija Crops from 27 provinces in Indonesia are shown in Table 2. 
Over the past decade (averages from 1977-79 to 1987-

On Java and several other major islands, sweetpotato is 89), total area harvestcd of palawija increascd by 12%, 
mainly grown in paddy fields (sawah) in the post-rainy while swetlpotato declined by 2.3%. Out of _7 provin
or dry season following the rice crop. The land planted ces, live provinces (Central Sulawesi, Bengkulu, Jambi, 
to sweetlpotato is in both lowland and rainfcd areas. Central Kaliniantan, and East KAimantan) showed an 
Additional growing areas are in upland areas (tegalan). increase in the swectpotato area of more tham I(X)%. 
The altitude ranges from almost sea level to the frost These provinces are locatcd outside Java and few sur
line, but, due to competition from vegctable cr)ps (Man- vcys have been carried out there. In contrast, the five 
wan et al. 1989), sweetpotato is less important at al- provinces (West Java, East Java, Central Java, Irian 
titudes above 700 m. Jaya, and North Sumatra) with major arcas of sweet

polalo showed a negative trend, w,i:h, arca harvestcd 
Changes in the area harvested of the six major declining by from 7/t, to 48%. Thercefore, changes of 

palawija crops (maize, cassava, ,weetpotato, mung- area harvested in these ten provinces need special study 
bean, groundnut, and soybean) from Pelita-I (the first in relation to the characteristics of market demand for 
five-year development plan, 1969-73) to Pelita-4, (the food, feed, and indu.,ry. 
fourth five-year development plan, 1984-8') are pre
sented in Table 1. Area harvested for root crops (cassava Changes in Sweetpotato Production 
and sweetpotato) are declining, while maize is rather 
stable and legume crops (mungbcan, groundnut, and Over the past two decades, from 1969 to 1986, the total 
soybean) have tended to increase. In proportional terms, area of harvested swcctpotato decreased from 369,000 
maize accounted for about halfof the total paawijaarea ha to 229,000 ha orby 38%, while production decreased 

Table 1. Changes in area harvested of palawijacrops fron Pelila-) to Pelita-4. 

Average Average Average Average 
I'elita-1 l'elita-2 Pelita-3 i'elita-4 

Crops 1969-73 1974-78 1979-83 1984-88 

CXX) ha) 
Cas&sava 1,434 1,40. 1,357 1,267 
Maize 2,719 2,5o, 2,669 2,(4) 
Soybean 674 709 715 1,057 
Mungbean 111 161 243 301 
Groundnut 380 463 486 561 
Sweetpotato 360 314 268 250 

Total palaivija 5,677 5,610 5,737 6,378 

(%)
Cassava 25 25 24 20
 
Maize 48 46 47 46
 
Soybean 12 13 12 17
 
Mungbean 2 3 4 5 
Groundnut 7 8 8 9 
Swectpotato 6 6 5 4 

Total palawija 100 1(k) 100 100 

Source: Processed Central Bureau of Statistik data 1969-88. 
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Table 2. Total area harvested ofpalawiji.crops and area harvested of sweetpotato, 1977-79 and 1987-89 
averages. 

Total lalawijaarea l)ecrease Sweetxptato area l)ecreasc
harvcsted (hft) or harvested (ha) or 

(average) a 11,- tase (average) b lncreasc 

1977-79 1987-89 (%) 1977-79 1987-89 (%)
Province (1) (2) (3)c (1) (2) (3)c 

West Java 445,029 484,082 8 48,446 45,019 -7
 
East Java 2,167,080 2,036,110 -6 48,046 24,810 -48
 

Central Java 1,2.52,568 1,202,416 -4 34,707 24,399 -30 
Irian J.,ya 40,250 42,023 4 31,170 24,296 -22
 
North Sumatra 114,330 35 15,868
177,152 22,478 -29 
East Nusatenggara 312,055 336,291 7 25,042 14,362 -43
 
Central SulawcU 46,327 54,105 14 3,728 10,946 194d
 

Bali 115,(4 117,737 2 17,458 9,023 -48
 
South Sulawesi 409,806 451,362 9 11,790 8,442 -28
 
West Nusatenggara 126,562 191,180 
 34 12,555 8,104 -35
 
South Sumatra 42,434 98,902 
 57 5,248 6,419 22
 
North Sulawesi 120,263 1.34,614 11 
 8,52-3 4,438 -48 
lHengkulu 7,732 29,040 73 1,232 4,178 239d
 

West Sumatra 19,199 55,178 
 65 2,324 3,951 70
 
Southeast Sulawesi 79,639 83,(X)7 4 
 6,016 3,797 -37
 
Jambi 7,490 37,304 80 1,218 3,255 167d
 
West Kalimantan 32,610 40,470 19 1,856 2,854 
 54
 
Maluku 49,112 34,068 -44 
 8,852 2,779 -69
 
Central Kalimantan 12,560 22,201 43 1,232 2,600 
 1i Id
 
lampung 168,046 457,527 63 2,548 2,573 1
 
East Timor NA NA 2,478
51,327 NA NA 
East Kalimantan 9,794 25,121 61 1,030 2,453 1.38d 
Riau 19,904 35,975 45 1,649 2,355 43 
Aceh 25,620 150,151 83 1,497 2,261 51 
South Kalimantan 18,899 36,918 49 3,484 2,258 -35 
Yogyakarta 189,595 211,338 10 2,176 1,267 -42 
Jakarta 1,017 209 -387 250 22 -91 
Indonesia total 5,833,583 6,596,408 12 304,552 235,204 -23 

Source: Processed Central Bureau ofStatistik data. 
aTotal area harvested of palawija crops (maize, cassava, sweetpotato, soybean, peanut, and mungbean).
 
bAccording to the average size of sweetpotato area harvested by province in 1977-89.
 
c(3)=-- L1Ix 00o%
 

(1) 
dincreased more than 100%. 
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fzim 2.3 million t to 2.1 million t. During the same Limited Number of Improved Varieties 
period, average sweetpotato yields gradually increased 
from 6.1 t/ha to 9.3 t/ha, or 52%. Productivity offJava was Two introduced cultivars, Southern Queen (SQ) 27 and 
lower, 8.6 t/ha, than on Java, 10.3 t/ha (Tables 3 and 4). Puerto Rico, were released by Bogor Research Institute 

for Food Crops (130RIF) and are widely grown by farm-
Farmers near Bogor estimate that sweetpotato yields ers in !he Bogor area. The most recent releases from 

grown in fertilized rainfed lowlands are about 13-20 13Ol---Daya, Prambanan, and Brobudur varieties
t/ha. In Kuningan, farmers calculate that the produc- were not adopted by farmers, probably because of taste 
tivity of sweetpotato ranges from 15-28 t/ha in irrig ,ied and texture preferences. The three cultivars have high 
fields with fe:ilizer inputs. In Karanganyar, average yields as well as high carotene and moisture contents, 
yield estimates range from 16-27 t/ha for late maturing but both farmers and consumers prefer varieties with a 
varieties. Farmers also estimate that sweetpotato inter- dry texture. 
cropped with maize yields 25-33% less than when mono
cropped (Watson et al. 1991). 

Crop, Soil, and Water Management 

Production Constraints Soil and water management are the most important 
cultural practices according to farmers. Fertility is main-

Manwanand Dimyati (1989) have identified the follow- tained by traditional procedures which are sufficient to 
ing production constraints to sweetpotato. sustain the current level of productivity. Many farmers 

Table 3. Sweetpotato area harvested and production, 1969-89. 

Area harvested (000 ha) Production (000 t) 

Other Other 
Plan Year Java Islands Total Indexa Java Islands Total Indexa 

Pelita-1 1969 188.0 181.5 369.4 100 1076.8 1182.9 2259.7 100 
1970 185.4 172.2 357.6 97 1073.3 1102.0 2175.3 96 
1971 174.8 182.0 356.9 97 946.5 1264.8 2211.4 98 
1972 160.5 177.3 337.8 91 905.5 1160.8 2066.3 91 
1973 202.6 176.1 378.7 103 1170.4 1216.3 2-386.8 106 

Pelita-2 1974 165.4 164.9 330.3 89 1181.0 1288.2 2469.2 109 
1975 157.6 153.3 310.9 84 1266.2 1166.5 2432.6 108 
1976 140.6 160.4 301.1 81 1121.6 1259.6 2381.2 105 
1977 151.7 174.6 326.2 88 1134.5 132-5.8 2460.4 109 
1978 131.5 169.1 300.5 81 921.8 1161.0 2082.8 92 

Pelita-3 1979 117.7 169.2 286.9 78 879.9 1314.5 2194.4 97 
1980 117 2 158.8 276.0 75 870.6 1208.2 2078.8 92 
1981 110.2 164.7 274.9 74 839.7 1253.9 2093.6 93 
1982 95.3 124 4 219.7 59 729.6 946.( 1675.7 74 
1983 117.3 162.8 280.2 76 908.0 1305.1 2213.0 98 

Pelita-4 1984 109.0 155.8 264.9 72 875.2 1281.3 2156.5 95 
1985 96.5 159.6 256.1 69 871.4 1290.1 2161.5 96 
1986 99.2 153.8 253.1 68 940.1 1150.5 2090.6 93 
1987 91.4 137.7 229.1 62 892.2 1120.7 2012.8 89 
1988 97.7 150.1 247.8 67 960.7 1198.0 2158.6 96 

)'elita-5 1989 97.5 131.3 228.7 62 1004.7 1121.7 2126.4 94 

*Surce: Processed Central Bureau of Statistik data. 

a,969 = 100. 
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Table 4. Sweetpotato yields, 1969-89. 

Yield (t/ha) 

Plan 	 Year Java Other Islands Indonesia Indcxa 

Pelita-1 	 1969 5.73 6.52 6.12 100 
1970 5.79 6.40 6.08 99 
1971 5.41 6.95 6.20 101 
1972 5.64 6.55 6.12 100 
1973 5.78 6.91 6.30 103 

Pelita-2 	 1974 7.14 7.81 7.48 122 
1975 8.03 7.61 7.82 128 
1976 7.97 7.85 7.91 129 
1977 7.48 7.59 7.54 123 
1978 7.01 6.87 6.93 113 

Pelita-3 	 1979 7.47 7.77 7.65 125 
1980 7.43 7.61 7.53 123 
1981 7.62 7.61 7.62 125 
1982 7.66 	 7.61 7.63 125 
1983 7.74 8.01 7.90 129 

Pelita-4 	 1984 8.03 8.22 8.14 133 
1985 9.03 8.08 8.44 138 
1986 9.47 7.48 8.26 135 
1987 9.76 	 8.14 8.79 144 
1988 9.83 	 7.98 8.71 142 

Pelita-5 	 1989 10.31 8.55 9.30 152 

Source: ProcessedCentralBureau ofStatistik data. 
= 100.a 196 9 

do not apply any fertilizer. For those who use fertilizer, family use. Distribution and marketing will be explained
single and double applications are common. in subsequent sections of this paper. 

Pests and Diseases Comparative Advantage 
The most important pests and diseases are root weevil and Cost and Return Analysis
and scab. Weevil has been reported from production 
centers in Java and Irian Jaya, while scab disease has Production decisions taken by farmers are based on 
been recorded in Java, Irian Jaya, Lampung, and Su- expectations about prices, yields, and input require
matra. Viruses have been reported :n Lampung and ments, ,s well as other economic, biological, and social
South Sumatra, but these are not considered to be im- considerations (Longmire and Winkelmann 1985). Anal
portant diseases f)r sweetpotato production. ysis of the comparative advantage of agricultural com

modities isuseful inplanning and policy decision making
S' -)rage and Marketing processes concerned with the efficiency of production 

systems. Compxative advantage analysis can also helpFor commercial farrmis in Java and other islands, stor- the policy maker, the planner, and the researcher when 
age of sweetpotato is not important. All farmers sell the setting up projects pertaining to agricultural diversifica
roots before or just after harvest. Only a small portion, tion, agroccological zones, or technology to be gen
around 50-200 kg per harvest, is brought home for crated and adopted (Manwan et al. 1990). 

159 



The Central Research Institute for Food Crops 
(CRIFC) (Manwan et al. 1990) has developcd a simple 
analysis ofcomparative advantage for a certain crop by 
comparing the minimal yield that can be produ,:cd by 
the crop which gives a net profit of at least the same 
amount as other crops. 

In Java, sweetpotato should 'ive mininal yields of: 
4.7 t/ha, 6.7 t/ha, 6.4 t/ha, aid 6.1 t/ha, to hve a net 
income comparable to maize, cassava, soybean, or 
groundnut, respectively. These figures reveal that sweet-
potato, with a yield of 9.8 t/ha, has a high comparative 
advantage with other palawija crops. Outside Java, 
however, where swcetpotato productivity is lower (8.2 
t/ha), its comparative advantage is lower or higher. 

Inre itten to cost and return analysis, Tble 5 shows 
that sweetpotato contributed more to ne! income than 
any otherpalawijacrop, both in Java and outside Java. 
In terms f return on investment (ROIt), farmers outside 
Java can obtain an ROI of about ten times, while farmers 
on Java can obtain an ROt of'onty 3.6 times. 

Farmers in Kuningan estimated that their s\cct-
potato productivity ranged from 15-28 t/ha in irrigated
areas with fertilizer inpu!s and, in Karanganyar, avcrage 

yields are estimated to range from 16-27 I/ha for late 
maturing varieties, 

Marketing and 
Utilization of Sweetpotato 
Remarks on marketing and utilization are based on thle 
study conducted by the survey team of CRIC and Inter-
national Potato Center (CI'). 

Marketing 
A study was conducted inseven villages located within 

three centers of commercialization in West and Central 
Java. The team selected the two provinces in Java based 
on the criterion that the area has had the highest prod uc-
tion ofsweetpotato. Three districts (Bogor and Kuningan 
districts in West Java; Karanganyar district in Central 
Java) were selected based on the hectarage under sweet-
potato. 

Two major methods of marketing sweetpotato were 
identified. The first method, .'.... tpotato sold directly 
after harvest to village collectL..,. The second methodl is 
the contract harvester or tebasansystem. In the teba;an 
method, a middleman purchases a standing crop, liar-
vests it, and arranges its transportation and marketi ng. 

Farmers prefer the tebasansystem because: (1) it is well 
established, so tic" ,",les are easy; (2) it minimizes risks 
of damage or weight loss in yield; and, (3) it saves the 
cost of monitoring labor for harvesting work. 

Farmers receive around 50-60% of the consumer 
prik': according to this study. This proportion varies 

.lqendingon the transportation cost, sweclpotato supp
ly, and market denand. 

Market segmentation differs among regions and for 
different swcctpotato cultivars. The ampeneng cul
tivar from Kuningan District is generally marketed in 
Jakarta, while Gitok and Ceret varieties are mostly sold 
in Bandung. Bcstak and Mangkokan cultivars from 
Karanganyar District, are markctcd in the subdistrict 
market Tawangmangul or sold in Solo, Central Java. In 
general, village collectors are eager to sell swectpotato 
in Jakarta because prices in the Jakarta market are 
higher than i' other areas. 

Farmers in Central Java reported that during the 
peak harvest season, f~lrni gate prices can drop substan
tially. Inthe dry season, farmllers could avoid the predict
able low price by harvesting earlier or later. They point
out, however, that the price of sweltitato is more 

stable than that of perishable vegetables. Most of the 
farmers noted that swectpotato is more profitable than 
rice. This primary information is entirely consistent 

with the secondary data from C('1S (Tables 5 and 6). 

Utilization 

Swectpotato is typically consumed in boiled form. It is 
eaten as a breakfast snack, as a side dish vcgetable, and 
i:; also cooked with bananas in sweetened coconut milk 

and eaten as a kolak (dessert) or sliced, uncooked, into 
fruit salads (rujak). Different sweetpolato cultivars are 
tsed to produce different food products, especially snacks. 

Another important role of sweetpotato is as a sup
plernentary food and side dish in the diet of farmers who 
produce swectpotato for sale and is, aLs such, an impor
taint dietary suplement. Sweetpotato is usually eaten as 
a "filler" food-particularly for breakfast, and its con
sumption is seasonal. 

Women farmer respondents stated that children gen
erally eat the largest amount of sweetpotato, usually in 
boiled form. Adults consume relatively little sweet
potato. 

The preferences for swectpotato differ according to 
age. Children prefer the yellow or orange skinned, soft, 
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Table 5. Minimum yield of sweetpotato required for equal returns compared with otherpalawija crops, 
1988. 

Gross Production Net farm 
Yield Price income coLs income

Commodity (kg/ha) (Rp/kg) (Rp/ha) (Rp/ha) (Rp/ha) 

Java 
Maize 
Cassava 
Soybean 
Groundnut 

2,078 
12,250 
1,126 

948 

168 (131) 
59 (132) 

639 (133) 
799 (134) 

349,104 
722,750 
719,514 
757,452 

1.38,127 
170,811 
197,122 
257,926 

(I)1) 
(1)2) 
(1)3) 
(1)4) 

210,977 
551,939 
522,392 
499,526 

(El) 
(E2) 
(E3) 
(134) 

Swectpotato 
with respect to: 

82 (135) 172,430 (1)5) 

Maize 
Cas& va 
Soybean 
Groundnut 

4,676 
6,731 
6,371 
6,092 

(FI) 
(F-2) 
(1.3) 
(1-4) 

383,432 
551,942 
522,422 
499,544 

211,002 
379,512 
349,992 
327,114 

Other islands 
Maize 
Cassava 
Soybean 
Groundnut 

1,755 
11,407 
1,02 
1,007 

1(A) (131) 
65 (132) 

552 (133) 
853 (134) 

280,800 
741,455 
558,624 
858,971 

67,154 
96,244 

123,677 
176,849 

(1)1) 
(1)2) 
(1)3) 
()4) 

213,646 
645,211 
434,947 
682,122 

(El) 
(132) 
(D33) 
(134) 

Swectpotato 106 (135) 79,179 (1)5) 
with respect to: 

Maize 
Cassava 
Soybean 
Groundnut 

2,763 
6,089 
4,103 
6,435 

(Fl) 
(F2) 
(F3) 
(1-4) 

292,878 
645,434 
434,918 
682,110 

213,699 
566,255 
355,739 
602,931 

Indonesia 
Maize 
Cassava 
Soybean 
Groundnut 
Swectpotato 
with respect to: 

1,961 
11,911 

1,091 
971 

166 (131) 
61 (132) 

614 (133) 
820 (134) 

9 (F35) 

325,526 
726,571 
009,874 
796,220 

112,458 
140,805 
174,594 
226,535 
115,942 

(DI) 
(1)2) 
(1)3) 
(1)4) 
(D5) 

213,068 
585,766 
495,280 
569,685 

(El) 
(E2) 
(123) 
(E4) 

Maize 
Cassava 
Soybean 
Groundnut 

3,427 
6,102 
5,159 
5,934 

(FI) 
(F-2) 
(F-3) 
(P-4) 

328,992 
585,792 
495,264 
569,664 

213,050 
469,850 
379,322 
453,722 

Source: ProcessedCentralBureauofStatistik data. 

Note: F1 = (EI+1)5)/135; F2 =(E2+1)5)/115; 1:3= (13f)5)/B5; F4 =(E14+I)5)/35.
Exchange rate: USS I = Rp 1,694 (1988); US$ I= Rp 1,999(1991). 

watery, very sweet, and wet cultivars such as Coret. On than the national average. In Peusing, Puntuk Rejo and
the other hand, adults prefer white skinned, while and Karanglo, Kuningan, West Java, average consumption
firm fleshed, sweet, and dry cultivars such as Lcm- is 68 kg/month/family, while in Wargajaya, Bogor, re
peneng. 
 spondents reported about 60 kg/month/family. National 

Socio-economic Survey (Susenas) and CBS recordedIn terms of fresh root consumption, the respondents that consumption of sweetpotato (fresh root) in rural 
in the study areas reported that they consumed more areas in 1987 was 159 gr/wcek/capita. 
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Table 6. Cost and return analysis or.palawija crops, 1988. 

Ground-
Items Sweetpotato Maize Cassava Soybean nuts 

Java 
Yield (kg/ha) 9,842 2,078 12,250 1,126 948 
Price (Rp/kg) 82 168 59 639 799 
Gross income (Rp/ha) 807,044 349,104 722,750 719,514 757,452 
Total costs (Rp/ha) 172,430 138,127 170,811 197,122 257,926 
Net income (Rp/ha) 634,614 210,977 551,939 522,392 499,526 
ROI (%) 368 153 323 265 194 
BE yield (kg) 2,103 822 2.895 308 323 
BE price (Rp/kg) 18 66 14 175 272 

Other islands 
Yield (kg/ha) 8,234 1,755 11,407 1,012 1,007 
Price (Rp/kg) 106 160 65 552 853 
Gross income (Rp/ha) 872,804 280,8(X) 741,455 558,624 858,971 
Total costs (Rp/ha) 79,170 67,154 96,244 123,677 176,849 
Net income (Rp/ha) 793,634 213,646 (A5,211 434,9,17 082,122 
ROi (%) 1,002 318 670 352 386 
BE yield (kg) 747 420 1,481 224 207 
13E price (Rp/kg) 10 38 8 122 176 

Indonesia 
Yield (kg/ha) 8,868 1,961 11,911 1,091 971 
Price (Rp/kg) 96 166 61 614 820 
Gross income (Rp/ha) 851,328 325,526 726,571 669,874 796,220 
Total costs (Rp/ha) 115,942 112,458 140,805 174,594 226,535 
Net income (Rp/ha) 735,386 213,068 585,766 495,280 569,685 
ROI (%) 634 189 416 284 251 
BE yield (kg) 1,208 677 2,308 284 276 
BE price (Rp/kg) 13 57 12 160 233 

Source: Processed Central Bureau of Statistik data 1988. 

Note: ROI =Retum on investment; 1FE = Break-even. 
Exchange rates: 11S$ I = Rp 1,694 (1988); USS I = Rp 1,900 (1991). 

Analysis of CBS data on domestic utilization of Java considered sweetpotato more profitable, since it 
sweetpotato from 1977 to 1987 shows that demand for does not require a lot of inputs and it has low risk when 
food declined (-1.6% annually), while demand for feed compared to otherpalawijacrops and most vegetables. 
remained stable. In the case of cassava, annual demand 
increased for food by 2.6%, feed by 2.1%, and industry The number of industrial processing utiits for ta
by 30.2% (Table 7). pioka flour in Central Lampung was 71, Ciamis, 83, and 

Bogor, 49. Processing units in Ciamis and Bogor are 
small- and medium-scale, while in Larnpung they are 

Industrial Processing mostly large-scale (Irawan 1990). 

Utilization ofsweetpotato for industrial processing has Greater utilization of sweetpotato in the form of 
not been recorded. CRIFC observed that swectpotato is flour has potential. This can improve storability and the 
used for sauce and chips and is processed by small- and stored product can be used for making many kinds of 
medium-scale industries. The commercial farmers in food (Suismono et al. 1990). 
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Table 7. Total supply and domestic utilization (000 t) ofpadawija cr)ps in Indonesia, 1977-87. 

Year CGR 
Item 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 (%) 

Sweetpotato 
Total supply 2,460 2,083 2,194 2,079 2,094 1,076 2,213 2,157 2,161 2,091 2,013 -1.2 
Utilization: 

for food 
for feed 

2,214 1,875 1,975 1,789 
41 

1,801 
42 

1,440 
34 

1,90)4 
44 

1,855 
43 

1,859 
43 

1,798 
42 

1,732 
40 

-1.6 
0.5 

for iudustry 
Waste 246 208 219 208 209 168 221 216 216 209 201 -1.2 

Cassava 
Total supply 12,016 12,049 11,779 12,653 12,265 12,372 11,355 13,046 12,496 12,094 14,356 2.1 
Utilization: 

for food 
for feed 

10,356 
240 

10,359 
241 

9,734 
234 

10,382 
253 

9,686 
245 

9,853 
247 

8,978 
227 

9,695 
261 

9,660 
250 

8,573 
242 

12,203 
287 

2.6 
2.1 

for industry 
Waste 

218 
1,202 

244 
1,205 

287 
1,524 

373 
1,645 

740 
1,594 

664 
1,()8 

674 
1,476 

1,394 
1,696 

962 
1,624 

1,707 
1,572 

--
1,866 

30.2 
5.0 

Maize 
Total supply 3,142 4,034 3,787 3,942 4,520 3,284 5,068 5,231 4,375 5,984 5,373 8.1 
Utilization: 

for seed 73 64 65 65 69 63 0 66 62 74 62 
for food 
for feed 

2,943 
63 

3,808 
81 

3,458 
75 

3,443 
237 

3,638 
271 

2,630 
197 

4,156 
304 

4,372 
314 

3,531 
262 

4,870 
359 

4,720 
322 

7.7 
29.2 

for industry 316 230 355 217 301 382 -- 10.8 
Waste 63 81 189 197 226 164 253 262 219 299 269 22.1 

S)ylbean 
Total supply 612 747 847 754 703 531 708 1,142 1,143 1,602 1,411 11.5 
Utilization: 

for seed 30 31 35 32 35 34 34 44 34 47 42 4.8 
for food 55 1 679 770 684 633 470 696 1,041 1,052 1,475 1,298 11.9 
for feed 
for industrya 

Waste 31 37 42 38 35 27 38 57 57 80 71 11.2 

Gmundnut 
Total supply 387 423 424 479 483 5() 502 556 545 076 366 1.4 
Utilization: 

for seed 36 34 33 35 34 34 35 33 32 37 33 
for food 328 364 367 443 441 466 456 523 513 605 311 1.8 
for feed 
for industry 23 25 24 1 8 0 11 0 0 0 4 42.0 

Waste 34 18 -4.7 

Source: CentralBureau of Statistik. 
"Utilization of soybean grain for tempe, tofu and other soybean procs .sed products are included in the utilization for food. 

Cost and return analysis for sweetpolato and cas- from Rp. 400/kg to Rp. 500/kg. Similarly, the minimum 
sava flour (Table 8) shows that if the selling price of the price of cassava roots is Rp. 75/kg (Table 9). 
product is Rp. 450/kg and price of raw materials is Rp. 
106/kg for sweetpotato and Rp. 65/ks, for cassava, re
spectively, the net profit for sweelpotato flour is Rp. Goverrnent Policy
32/kg, and foi cassava flour Rp. 125/kg. and Strategic Interventic'n 

Since the price of swectpotato and cassava as raw 
materials fluctuates, the minimum price of sweetpotato The palawija crops intensification program started in 
roots is Rp. 96/kg in order to obtain a positive net profit 1972-73. However, among the palawija crops, only
for sweetpotato flour whose selling price would range maize and soybean were selected as major components 
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Table 8. Cost and return analysis of sweetpotato and cassava flour. 

Item 

(1) Conversion factor (%) 
(2) 	Price of raw material (Rp/kg) a 

(3) Total value of raw material (Rp)h 
(4) Production cost of root flour (Rp/kg) 
(5) Selling price of root flour (Rp/kg) 
(6) Profit (Rp/kg)c 

Source: Processedfrom Adbtyana et al. 1991. 

Cassava 	 Sweetpotato 

0.25 0.30 
65 106 

260 353 
65 65 

450 450 
125 32 

aCIIS data, average price of outside Java, refer to Table 6.
 
b(3 ) = (2)/(1).
 
c(6 ) = (5)-4)-3).
 

Table 9. Net profit assuming different prices for cassava and sweetpotato flour, and raw material. 

Price of 
raw material 

(Rp/kg) 400 425 

Sweetpotato 
76 82 107 
86 48 73 
96 15 40 
106 -18 7 
116 -52 -27 
126 -85 -60 
136 -118 -93 

Cassava 
35 195 220 
45 155 180 
55 115 140 
65 75 100 
75 35 60 
85 -5 20 
95 -45 -20 

Source: Derived from Table 8. 

of the program. Consumption of soybean is increasing 
steadily, due to an increasing demand for soybean as a 
raw material for animal feed, and the strong demand for 
soybean products (CGPRr 1988). 

More recently, the government uts given top priority 
to the food diversification program. Strategic imple-
mentation of swectpotato production will depend sub-
stantially on the availability of improved production 
technologies for different soil conditions (Manwan and 
Dimyati 1989). The national research program must 

Price of flour 

450 475 500 

132 157 182 
98 123 148 
65 90 115 
32 57 82 
-2 23 48 

-35 -10 15 
-68 -43 7 

245 270 395
 
205 230 230
 
165 190 215
 
125 150 175
 
85 110 135 
45 70 95 

5 30 55 

gneate appropriate technologies to meet the demand 

The national sweetpotato research program is de

signed to address the most critical constraints and to 
achieve the objectives of the agricultural development 
plan. The CRIFc has outlined the following objectives. 

* 	Sustaining self-sufficiency in food and improving 
the national diet. 
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" 	 Improving farmers' and rural laborers' incomes and 
welfare as well as incrcasing employment oppor-
tunitics. 

" 	 lncrcasing export earnings and reducing imports of 
agricultural commodities while supporting national 
industries. 

sources.inthep 

" 	Stimulating more initgrated and more harnoniou.s 
rural development. 

The cRwII: is ihe min orgaiii/ation responsible for 
coordinating research activities on food crops, including 
cereals, legumes, and root crops. Collaborative work hais 
been undertaken by Malang Research Institute for Food 
Crops (NIAKIF) illEaLst Java, NIaros Research !nst tiltc 
for Food Crops (NI)RII) illSouth SulaiwCsi, Brawijaya 
University, and CCndraw.asih I.niversity. Root-crop re-
search, imluding swcctpotato, Ias bccn supported by 
International Development Research Center (II)Rw), 
Southeast Asian Program for Potato Research and De-
vclopment (S,\ IRA andn)),(1t1. 

Conclusion 
Over the past dccdc,tile
five mlajor swetpotato prod-


Overthepas deadetheliv 	 1988. The soylcatn commodity systemmaor seciotao pod-(CuilT). 
ucing provinces (Wcst Java, East j:iva, Ccntral Java, 

Irian Jaya, and North Sumatra) showed a declinei in 

areas harvested o17-48i. In contrast, areas outside Java 
(Central Sulawecsi, Bcngkulu, Jambi, Central Kaliman-
tan, and East Kalimantan) showed a considerable in-
crease in area planted with swectpotato. The reasons for 
this incresce/decrcase in area merit further study. 

Analyses revealed that swcctfx)tato has a high com-
parative advantage compared to other iwlavija crops 
like maizc, soybean, groundnut, and cassava. In addi-
tion, the RoI of swccpotato is considerably higher than 
that from othcrlplaiijacrops. Therefore, swcclx)tato 
is more profitable than the others. 

Macro (uis) data analyses of dontestic utilization 
of swetpotato from 1977 to 1987 indicate that the 
demand for sweclpotalo as food has declined, while the 
demand for feed has remained stable. In caissava, the 
demand for food, feed,and industry increased by 2.6%, 
2.1% and 30.2% p. ,car, respectively. 

Farmers in the two major prodticing arcas in West 
Java and Central Java received around 50-0011c of the 
retail price. Farmers reported that the price of sweet-
polato is more stable than that of pcrishalblc vegetables 

and that sweetpotato is more profitable than rice orothcr 
palaivija crops. These results are consistent with tie 
analysis of secondary data from (cls. 

The government of Indonesia has launched a pala
wija crops intensilication program over the last Pelita. 
Maize and soybean, rather than swectpotato, receive 
high priority in this program. More recently however,

government has placed considerable emphasis on 

crop diversification. 
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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 potatoes, sweetpotatoes, 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 
Wheatley describe proced ures 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 .aw 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. 

Research on equipment, organizational structure, marketing, and financing as well as tech
nical work on processing different products are highlighted in SOTEC Village-Level Potato 
Processing Development: Organization and Marketing by Robert W. Nave. Nave observes that 
establishing the proced ures for making solar-d ied chips, strips, and potato powder by small, 
village units of 10-15 people in India required more finances, time, and effort than initially 
estimated. Fie nevertheless contends that the most difficult and expensive part of the program 
proved to be setting up and operating an organization to coordinate small, scattered, village
based processing units. 

Based on his experience in the Philippines, I'ruong Van Den analyzes three modes of transfer 
for processing technology: direct extension and exclusive and non-exclusive contracts. Fie then 
goes on to identify a series of key factors factors involved in the process depending on the user 
of the technology (i.e., commodity-based project, private company). His paper, Transfer of 
Sweetpotato Processing Technologies: Some Experiences and Key Factors, also characterizes 
commercial sweetpotato products according to use, processing steps, and suitability for home or 
industrial use. 
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Henry C. Samar, Sr.'s paper, Product Development at the Local Level: Mayon Brand 
Sweetpotato Catsup and Jam, briefly reviews the history of launching these products and 
processes in the Bicol area of the Philippines. The paper includes a series of reconmmendations 
including a plan of action to sustain such initiatives, dissemination of information about the 
inportance of sweetpotato, and establishment of commercia! advertising for processed products. 

In Sweetpotato Processing in the People's Republic of China with Emphasis on Starch and 
Noodle-, Siert G.Wiersema briefly reviews the evolution Of sweetpOtat() utilization in China over 
the last 20 years. Wiersema points out the tremendous growth in sweetpotat) processing at the 
hoUsehold level both for hurman consumption and animal feed. This now accounts for some 75% 
of total output, or roughly 75 million t per year. -Ie then describes sweetpotato processing for 
starch and noodles in Sichuan Province. Wiersema concludes by noting that a detailed technical 
and .,,ocioeconomic analysis of current processing methods is required before specitic changes to 
upgrade the existing system c-'l be recominmended. 

Winston 1-1. Timmins, Alan D. Marter, A. Westby and June E.Rickard provide a more detailed 
look at sweetpotato processing in Aspects of Sweetpotato Processing in Sichuan Province, 
People's Republic of China. They describe the basic processes employed for the extraction of 
starch and subsequent manufacture of transparent noodles for human consumption. In par
ticular, they offer an account of an unusual traditional process known locally as the "sour-liquid 
method." Preliminary work carried out on the characteristics of the starch and microbiology of 
the fermentation operation used to prepare the sour liquid also are reported. 

Recent Sweetpotato Starch and Flour Research in Thailand has included the bio-chemical 
analysis of 34 varieties for moisture content, fiber, ash, dry weight, and dry matter. Saipin 
Maneepun, Suparat Reungmaneepaitoon, and Montatip Yunchalad also report on the starch 
content of these varieties, three of which were used for flour production. Based on their research 
results to date, the authors observe that sweetpotato flour has promiing potential for conmercial 
development as a substitute for rice flour in snack foods. 

Several types of equipment have been developed at Visayas State College of Agriculture 
(ViSCA) in the Philippines for processing cassava into a variety of products (e.g., dehydrated 
cubes, fried strips) that do not pass the flour stage. Felix J. Amestoso and Agustin L. Dignos 
describe the operation and performance of this equipment: a cuber-sorter, a strip cutter, a slicer, 
and a grater-pulverizer. In Small-scale Equipment for Processing Food Products from Cassava, 
the authors note that these equipment now require pilot testing to improve their usefulness. 

The Philippine Root Crop Research and Training Center (PRCRTC) has developed various 
pieces of small-scale equipment for root crop flour processing at the rural level. In Cassava Flour 
Processing: ViSCA's Experience, Alan B. Loreto describes the process for producing the flour. He 
then briefly reviews two attempts to transfer this technology to local entrepreneurs. In his 
concluding remarks, he notes that the potential for substituting cassava flour for wheat flour still 
needs a thorough economic analysis. 

Bakery products made from wheat flour have become a widely accepted part of the Filipino 
diet. As considerable wheat flour is imported, recent research has focused on ways to develop 
local substitutes with acceptable quality characteristics. L. S. Palomar's paper, Formulation and 
Evaluation of Sweetpotato and Cassava Chiffon Cake, reports results of experiments to evaluate 
sensory and consumer acceptability of these products and to determine their shelf life. The 
findings indicate considerable potential for both forms of substitute flour. 
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In Indonesia, growers have little incentive to produce more cassava. Production has grown
from 9.3 million t in 1972 to over 17 million t in 1989. As a result, the domestic market for fresh 
roots is saturated. The export quota to the European Community (EC) has already been filled. In 
Development of Cassava Processing at the Village Level in Indonesia, Djoko S.Damardjati, S. 
Widowati, and Abdul Rachim describe the cas:ava flour processing industry. They then present 
an economic analysis of three alternative models for developing this sector both to increase 
farmers' incomes and to reduce wheat imports in the future. Their results indicate that domestic 
cassava flour production is technically and economically feasible. 

Vietnam produces 2.6-2.8 million t/yr of cassava. Improvements in village-level processing 
are needed because: (1) poor infrastructure requires that most processing be d:;:-e in the coun
tryside; (2) fresh cassava spoils rapidly after harvest; and (3) losses of Lip to 30% occur utilizing
traditional processing and storage techniques. In Development of Milksap-free Cassava Half
product in Vietnam, Quach Nghiem describes a technology developed by the NaLional Institute 
of Agricultural Sciences (INSA) that permits the farmer to process a large amount of fresh roots 
under any climatic condition and without drying. Transfer of this technology to the farm level 
has now begun. Economic analysis of its impact on farmers incomes will also be undertaken. 
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Research in Support of Product 
and Process Development 

RupertBest,Gregory J. Scott, and ChristoplherWheatley1 

Abstract 

consumers' tastes and preferences, market structure in terms of the numlbcr and size of participating
firms, supply paluerns for raw materials, and the state olexisting 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 thcsc 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 investig:itions are considered next so as to not ovcrlool,
potential supply-side obstaclcs to product development. Product and process research is then outlined 
sonic detail. The paper includes two appendices that illustrate the use of tlhcprocedures presented. 

Key words: markets, consumcrs, fo.rmcrs, processes, ncthods. 

Introduction 
Having identified a product 1111 to have cor-appcar.1s 
mercial potential, and knowing where a processing pro-
jccl could be located-an a.;:;crtion 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 charactcristics of raw material 

supply? 


" 	 Is there a suitable prucessing technology available lor 

producing the product to the desired quality standards? 

" Will it be profitable to produce the product? 
Sonic information may already be available to for-

mulate partial answers to these questions, t-lowcvcr, 
before continuing to the next product development step/ 

pilot scale operation, it is often necessary to undertake 
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 consumner research to characterize the 
existing production, marketing, and consumption pat
terns of the selected commodity and of products that 
could compete with lhc contemplated product. The in
format ion provided by these studies will highlight many 
oft he sCiocco no m ic, clt iral, and I chnical constraints 
that will have to be taken into account in ordcr to achieve 
success. 

Technical research to develop thcproduct idcaaccord
ing to consumer tastes and preferences, and to design 
processing technology that is appropriatc to the scale of 
operation etivisaged. 

A Systems Approach
to Research Plaing 

The first step in research planning is to create an ideal
ized system for converting the raw material into the 
desired product by breaking Ihe system down into those 
different components that will have to be linked if the 

Leader, Cassava Program, Centro Internacional de Agricultura Tropical (CIT), A.A. 6713, Calt, Colombia; I.eader, Postharvest
Management, Marketing Program, International Potato Center (CIt1), P1.O. Box 5969, Lima, Peru; and, Ilead, Utilization Section, Cassava 
Program, CIAT. 
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project is to be a commcrcial success. The system 
components will include: 

, 	production of the raw material; 

* 	 processing to transform the rw material intoanend 
product. Oltev more than one processing component 
will be into a'prithatrePraw ,materil bIng tran-or 

starch. which is then used as i:raw material to mann-
facture the final product through a secondary pro-
cssing stage; 

" 	marketing to make tl' product available to the con
sumer or client..M arketing, is often carried out at 
diffe'rnt levels, involving, lbr example, wholesalers 
and rctailcrs; and, 

" ,onsimption ol tie product by consumers ald clients. 
tFor the purposc of this approach, "consumers- re cs 

to the ordinary mian or wvman who buvs N k'ood pro-
ducts !or consumption, ori "clients" refers to in-
dustries that purc bsc primary prodtictsdCrived 1o111 
roots and tubers as raw mtterials tor the maniffacture 
of products lor humanl and anim:il consumption or 
for idlustrial use. Cols uncis ire a icterogeneotts 
group who show markedly diflcrcnl food prele'ren-
ces and habits depndin upoi their socio-economic 
stattis. Clicnls -.re much moc homogencous in their 
requirements tor a particular l,'-duct, 

Many )'the components of this ideal system aj-
ready exist. For e:mfl)c. tIhe geograp~hical region licr 

the project will be carried out will almost cetaill, have 
fain. rs tht irec tilt ivating it:chosen enimdit y. Also, 
'he puIential coiisumcrs ib"c pittor clien~ts rev,.,, 

havC tellivelv been identiliCd. What m eeymissing, 

according ., the pa1rticu!:;rciiLumstainccs in thesclected 
rtgion or country, are the f)roc,.ssnlg :ind distrib'utionr'giponents Even,nethiese Cr) is in y lc prese, If 

'lie projcct contc nplatcs cxl anning tie mnarket of a 
already existing prodluct thrntah redticed prodduetion 

costs and improved q I;ilit y or o iveritlliCd end uses. 

Once the ideal system has been crcated it is a fahirly 
straightfonvird exercise to enilicrate the scio-econ 
omic, market, and !ecliical issues th:,t will need to be 
conlfronted for thc systcm :ts a whole to he . iaible. An 
ex'an-ple of this approach is showii in Figure I which 
ref.'-s to a rese:rch project in Colombia on [he prod OC-
tion and utilization of :i wheat-c, ssava compopsile flour. 
Ini this casc,the objective was t Ii ksmall-scle cassav:i 
fanne rs to Ihe urban bakery produnC i:rkeiihT .ugh rural 
processing of casslva into 1l1or. To Iacilitatc the pro-
ductin of the composite wheat-cassava flour, it vais 
proposed that wheat mills do the mixing for subsequent 

sale to bakeries using the wheat mills' own distribution 
channels. Tie mi;sing component in this system is the 
process!ng of cassava into flour. However, ais can be 
appreciated f'roii:. - c desci ,tion of the issues to be 
researched, they were not restricted to thos., frctly 
related to ie supply ofeassava, its processing into flour 
and the sale of the flour to the wheat mill. This holistic, 
systems appro:'ch is helpftl in idcntilying possible con
straints that may not hc immediately removable but 
should be taken intoaCOtintand investigated during the 
research phasc. 

Charactelizing
the System Components 

Once the various components that riankc up the system 
for producing the desired product have been dclincd, an 
anI:'."sis olthc socio-cconomic and technical conditions 
inder which the individulal components operate wv!T. 

help to qti,,:ltily and qualify ie restrictions to estab
lishing the proposed processing industry. 

Market and Consumier Research 

Processillg--partictilarly new processing initiatives
l. many technical and economic quesrcq uictly raises 
tions concerned with the production of these products. 
Perh:ps for that reason, a tendency often develops to 
focr:; on solviiig these types of problems first and to 
worry abhoul the marketing and eCcintual use of pro
ccsscd products later. The (anger of this approach is in 

forgettirig that the Comm erua!; sticcess of processing 
depcrls more on wlhat people will buy and how it will 
he used t'mn on whcfr it can be made. A clear under
stanlding o inirket,'cos tiner requi icemCnts :Ittle earliest 

phase of product development i, herciore essential. 
This involves two complemen ary tasks: 

an iventlory of processed products already avtilile 
in the malrket; and, 

.1ai iSscssm1nt if constmer attittdes towards these 
produnes. 

Market research 

Thl three essential conpoients of market research are: 

, identifying the types of processed products f'or sale 
and their characteristics, including where they are 
sold (e.g., marketp!ace, supermarket, shop, etc.); 
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Figure 1. Composite wheat-cassava flour (CF) system and the major issues ior an integrated research program. 

.On-farm 	 Wheat:use 

imported & -- V. Present system in 

-*- Rural/urban markets	 I domestic operation 
- a Proposed system to 

investigatedA CbeCassava
 
Roots
 

Wheat Wheat Bakery 
Cassava Cassava -floutr Bakeries -prod~ucts Conjsumej 

C:.ssaa roots Flour flour flour 
farms----------------------------------. 	 - process mills Wheat/ Bakery 

mixing) cassava Products 
flour
 

mixes
 

Socio-economic and market Lssues 
Costs of production Investment cost%of Model of price deter- Price differential re- Consumer preference 

with & without new alternative process- min! tion for wheat quired to motivate for different bread 
technology. ing methods. & bread demand. use of CF. types. 

Output prices :n tradi- Evaluation of alterna- Evaluation of cost in- Evaluation of whether 
tional casav.,mar- tive organization and crease for CF pro- a price differential is 
kets. management duction. necessary to moti

hemcs.vate 	 consumer ac
consme.tetermination of price 


tion increase with Calculation of per unit differential between ceptance.
 

rev. markets. costs of flour pro- cassava & wheat
 
flour to motivate CF 

Potential for preduc- sDe mes. 

Changes required in cessing. 
production.system to meet re-


quirements of pro- Evaluation of differ
ces-ing plant. ence in social bene

fits due to govern-
Evauaions of increase 
ment legislation vsin farmer incomes 
market prices inCF
due to development 

of flour market. 

Technical issues 
i-valuation )f varieties Development & evalu- t)etermination of ad- Determination of local 

for flour quality at ation ofselection, ditional equipment bread types & qual
diiterent pianting washing, peeling, needed to produce ity parameters. 
and harvestin- iates. drying, milling CF.Istorae mehodsforFvaluation of different 

Evaluation of in- pr mehods for % mixtures on breadcg Storage characteristics 
proved p:oduction flour, 	 of CF. quality.
technology. Quality control of Effect of varie:y, har-

Qao .lct 
 vesting age ': processing on flour 
characteristics and 
bread (ouality. 

Adjustment cf bread
making technique 
for CtF. 

173 



* 	estimating the most important processed prodtcts by 
the volume and value of products sold; and, 

* 	determining what fictors impcdeexpansion ofsales. 
This information is intended to answercertain bNsic 

questioais about the proposed processing activity. For 
example, will the processing create a totally new pro-
duct (because there are no others like itcurrently in tie 
market place)? Will it be a modified, improved version 
of existing products (e.g., appearance, package, size of 
unit of sale)? Is therc already a considerable volume of 
similar products being sold? Or, iF:there currently little 
interest in this type of product? According to whole-
salers, retailers, and consuLers what factors are most 
important indiscouraging greater sale/use of this type
of 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 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. "Repre-
sentative maikets" refers to the types of places people 
shop (e.g., store, streetmarket, covered market, super-
market), not to a particular location where people shop. 
It is also wise to visit intermediate users (e.g., bakeries, 
restaurants) as well Lsindustrial concerns (e.g., flour 
mills, confectionary companies) to complete the iden
tification of existing products. 

Casual conversations with retailers, wholesalers, 
and industrial users can serve to clarify opinions about 
the marketability of different products. For example, 
could traders sell more if they could be supplied more? 
Is price the ke, factor influencing sales? Appearance? 
Packaging? Such questions should be posed in a manner 
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-
sations immediately after leaving the premises. In the 
course of this exercise, it can be extremely useful io 
compare the different opinions expressed io clarify ap-
parent contradictions, to identify common points of 
view, and to isolate genuine discrepancies. 

While there is no substitute for firsthand informa
tion of this type, it may also prove useful to consult 
specialized libraries or documentatioti centers to check 
for additional facts and figures. Foi example, an agro-

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
versity may be another source. Thc relevant offices of 
the Ministry of Agriculture or the Agrarian Bank may 
also have useful data or be aware ofsimilar attempts in 
the pist that could be looked into. 

A 	 ord cauti n is inorder here about who should 
collect this type of information. Many food tchnol
ogists and agricultural engineers (even social scientists) 
have a certain phobia about infornation 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 market 
place, 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 reseirch have special qualifica
tions for this type of information gathering. They bring 
with them iheir 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 quanlities) may be mun
dane; but, why itworks in such fihshion can be positively 
enlightening. The specialized knowledge of these in
dividuals puts them ina much better position to evaluate 
the reasons offered and perhaps probe areas less well
trainc 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. Their tastes and preferences in
fluence 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 any 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 jus
tification for consumer research, this section de.scribes 
sonic simple procedures on how to go about this. Ideal
ly, the .;ame individual(s) who carried out the literature 
review and market .,urvey would also undertake this 
re.search. Knowledge acquired in prior activities is then 
directly incorporated into this compoilent 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; 
whethertheyareconsumedandifso, withwhat frcquen
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cy; how consumers characterize the products, positively 
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 buyers, not house-
hold 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/arc iiot desired on the basis of one or more attributes 
such as taste, appearance, or use. Similarly, itattempts 
to discoverthose that are the most/least affordable. Such 
research also seeks to identify those characteristics that 
are most desirable in existing products or that because 
of their presence, e.g., poor quality control or unattrac-
tive appearance, discourage gritcr 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 supposed to be widely accepted, but 
then turned out to be a complete failure. 

Consumer interviews may be carried out in an 
informal fashion, i.e., without a written questionnaire; 
with or withouta list of topic,. to be covered; or utilizing 

aT"liblet. Questions for constumer re.searcl 

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 mote appropriate than the other will depend, 
among other things, on the number of processed pro
ducts that questions are to be asked -boui, the amount 
of information already available in the litezmt,,re or 
through the market survey; and the experience of the
researchers in conducting iniormai 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 anadysis?). 
Pre-testing of the questions both on actual consumers 
and on members of the research team 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 com
position of the sample of consumers to be contacted. 

Key questions for consumer research (by type af processed product under consideration) include the following: 

* 	 What is !hecurrent level of annual ftxxl 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 of processed products vary by 

income group? 

• 	Does consumption of prc:ssed products vary by 
season? 

• 	What are the prinzipal 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? 

* l)o 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 1:'?xlucts of the 

desired size, color, weight (units of sale)? 

• 	Inthe consumers opinion, do processed products 
keep well? 

0 	 Are processed products easy to utilize in cooking 
or preparation? 

• 	Do avail:itN: processed products have different 
use.,, e.g., can they be utilized in various dishes? 

• 	Are such products considered inexpensive? With 
reference to what substitutes? 

aThis list is by no means exhaustive. See also Austin (1981:29-.30) 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 availablc to 
do the interviews, analyze the data, and write up the 
results, w-well as the infrastructure required for pro-
cessing the data. Asarnple that is too small raises doubts 
about its representativeness and also preempts much 
meaningful comparison between the different types of 
consumers interviewed, 

It isessential that the consumer interviews be done 
with across-section of individuals reflecting difference 
in incomes or a proxy for incc :"s such isplace of 
residence. For example, obvious distinctions between 
low-, middle-, and high-income housing areas are casy 
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 differcnt groups 
identified but also some apprcciation of the potential for 
change (e.g., should incomes rise) can be detected. 

How does one actually select the consumers to be 
interviewed? One procedure that was used successfully 
in Lima, 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 
and hence had some opinions to express about them. 
Furthermore, if questions are to be asked about scveral 
items, asimple display of the products to be discussed 
can both arouse curiosity (hence make consumers eager 
to be interviewed) and ensure that the nanes and pro- 
ducts that they refer to are not confused. Once the 
interviews have been conducted, it becomes a question 
of reporting the results. The example in Appendix X\ 
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 obtained for processing and at a 
reaonable price. One objective of fairm-oriented re-
search is to establish what supply patterns exist and 
whether price movements are such that growers will be 
interested in selling to a processor or consider process-
ing themselves isan alternative outlet for some/all of 
the crop. Another istoascertain whether processors can 
easily procure sufficient quantities of raw material to 
justify establishing a processing facility. At this stage, 
such issues as the quality and uniformity of supply, as 

well as assembly and transportation costs, must be 
considered. 

Agricultural supply is naturally cyclical while the 
dcmands ofa processorarestable. Thus processors have 
to balance the seasonal availability of supply with the 
steady raw material rcqui;cmcnts of their plant and 
facilities. In some cases, delpnding on operating costs 
and returns per production unit, processing can profitab
ly be undertaken during only a few months; a year; in 
others, year-round operation may be needed to carn a 
profit. Alternatively, growers may already have a ready 
outlet for their produce even in the peak harvesting 
period; ot they may have only occasional difficulty 
selling their crop. 

The purpose of farm-oricnted research is to deter
mine commodity-supply patterns by scasons, varieties 
planted, experience of producers, and pxstharvest prac
tices such as grading forsize and quality, and the typical 
uses for these grades. This research also establishes 
pr,)ducer 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 potcntial for change to 
includc/cxpand processni.. Finally, constraim, that the 
producers may have in producing or marketing a pro
cessed product may also be analyzed. 

In carrying out farm-oriented resc;,rch, it is par
ticularly important to interview different types of repre
sentative growers. Small, subsistence growers may have 
minimal surpluses to sell and hencc 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 types. 

Methods For farm-orientcd research include a syn
thesis of secondary data, a review ofavailable literature, 
and primary data collection. Information on the annual 
volume of crop production in a particular region, depart
ment, er province can usually be obtained from the 
Ministry ofAgriculture or the National Bureau of Statis
tics. Commodity programs u.sually nave data on plant
ing and harvesting dates. The size of different types of 
farmers and their importance ,is a group Inaccounting 
for total production can be cstimated from the agricul
tural census or by synthesizing the results of previous 
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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 proces.,ing. For example, perhaps 
Region "X" produces very l w sweetpo:atoes and prices 
for this commodity are always quite high. It is thus 
unlikely that there would be much immediate interest 
on the pail of growers in swc::tpotatc processing. 

In the event that this analysis suggests strong pos-
sibilitic.s for particular foodstulffs -.a givcn location, 
then it is advisable to check relevant research centers, 
e.g., university libraries, agro-industrial institutes, to 
review the available documentation on previous, farm
level attempts to introduce (or improve) processing
activities. This search may well uncover ongoing ex-
periments or pilot projects that have proven unsuccess-
ful that merit close!r examination to comprehend their 
operating rationale, track-record, and any major con-
straints encountered. 

A third component of farmer-oriented processing 
research is contact with growers thiemslvcs. The pur-
pose of this exercise is to sound out growers' opinions 
and listen to the reasons for their stated views. /ethods 
fo: obtaining this type of information may be formal or 
inlormal. The larger the number ofpossible alternatives, 
the more precise the quantitative information required, 
then tie more likely that a formal survey nay be neces-
sary. The extent to which the range of processing pos-
sibilities has been narrowed to one or two, e.g., through 
analysis ofsecondary data, may make fornal interviews 
unnecessary. 

If the informal approach appears most appropriate, 
given the time and resources available, several recom-
mendations are in order. Consult the literature on how 
to carry out such appraisals (see e.g., Rhoadcs 1982; 
Khon Kaen University 1987) and to be aware of their 
strengths and weaknesses (see e.g., Holtzman 1986). 
For thi relatively less-experienced researcher, it is prob-
ably advisable to memorize a list of specific topics (if 
not questions) to pose to growers in the course of the.se 
casual conversations. Carefully recording the results of 
these interviews and contrasting them widh the opinions 
of technical specialists, owner-operators of cxistin, pro-
cessing facilities may serve as a chmck/point of com-
parison to the views expressed by growers. 

survey is another option. Horton
A formal farin 

(1982) suggests a framework for evaluating tie ap-
proplateness of 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 of 
information requested, i.e., check through the proposed 
questionnaire to be sure what is being asked iswha' you 
need. Be sure to pre-tcst the questions so that you are 
certain that they are readily and correctly understood. 
Finally, think through 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 illustratcs the use of a formal question
naire to evaluate processing potential. 

Developing the Product and
the Process for Its MaLnufactute 
This section looks into aspects related to technical re
search that will ensure tha. 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 itselfand 
research on the process that will be used to make the 
product. At this point it is worthwhile differentiating 
between two typcs of product: first and second genera
tion products. 

The term "first generition product" refers to a pro
duct resulting from what may be described as primary 
transformation or prom a process of selection, treatment, 
and packing. Examples of fhi.; generation products 
derived from roots aid tubers would be flour and starch 
and also fresh roots that have been selected, treated, and 
packed in order to improve their presen'tation and pro
long their shelf life. 

In the case of flour and starch, these products are 
often used as raw materials ia secondary transformation 
processes, which give rise to second generation pro
ducts. Thcse second:iry processes may include the ad
dition of other ingredients, as in the case of balanced 
animal feed rations or the production of composite flour 
for example, while maintaining the same physicd char
acteristics 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, it 
is now possible to draw up a detailed project brief, 
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giving a well-defined specification ef th product and Product and Process Research 
its physical attributes, the raw matcri -1,the processing 
and packaging requirements, and the intended market
ing methods and consumers to be targeted. Examples of Product 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 Dev.eloping 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 prototypeequipment under 
most appropriate. experimental conditions. 

Table 2. Project briefs for two casv'! Ind ,cts. 

Dry cassava for 
animal feed 

The product A carbohydrate source in the 
form of dried cassava chips for 
incorporation into balanced feed 
rations to compete with tradi-
tional carbohydrate feeds such 
as sorghum and maize. 

The raw material Calssava roots with high dry matter 
and low/intermediate cyanide 
content. 

The processing "l'he roots will be washed, chipped 
and dried bv either nalural or 
artificial means. Ihe processing 
will be carried out by farmers' 
cox)pcratives or small- to mcdium-
scale agro-entreprcnurs. 

The packaging 'Ile dry root chips will be packed 
in 50-kg sisal or lxypropylene 
sacks. Closure of the sacks 
will be performed manually or by 
machine, 

The marketing The dried chips will be sold 
directly to animal fccd concentrate 
companies or to livestock pro-
ducers. Promotion emphasizes high 
starch digestibility, availability 
and relative cost. 

The consumer See marketing above. 

Source: Adapted from Anderson atnd Eorle 1985. 

Fresh stored cassava for
 
direct human consumption
 

A fresh cmssava root product 
of high quality with a 
storage life of up to two 
weeks. 

Cassava roots, selected by 
size and eating quality. 

'Ihe roots will be treated to 
suppress physiological and 
microbial deterioration. 
Treatment and packing will 
be cairricd out by farmers' 
coop., or asscmhly agents. 

"Theroots will he packed 
according to type of market 
outlet. Polyethylene bags, 
plastic crates and wooden 
boxes are options. 

Thie stored cassava will be 
sold through supermarkets 
and local neighhorhad 
shops. inromotion will 
er--hasize freshness and 
storability. 

Consumers will be families 
from all socio-economic 
groups, favoring those with 
poor market access. 
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In the first stage, the focus is on trying to achieve 
an acceptable product in terms of its physicochemical 
properties and, in the case of foods, organoleptic char-
acteristics. For foods, thcrefore, a taste panel is an 
essential element for checking the product's accept
ability. Inthe second stage, thC focus is more on select-
ing and developing suitalelc prototype equipment that 
will then be incorporated into the pilot plant. Tlhe fol-
lowing are some of the most important areas that need 
to be taken into account. 

Characterizing the 
Small-scale Agro-industrialist 
Oneothcrvital Ipieceofinforlation nmystill be lcking
Oneiecthe vial ayotntbmaton til belacing 
at this stage; that is who is ultimately going to invest in

the rocss o nanufct ostirethechoen podut? li 
sitathoces toere ch ro ingmanufauer osns d 
situations there will bea, number of options depending 
on the circumstances, altand this stage it nmy not be 
possible to select any one of them. In a situation where 
the purpose is to improve the marketability of an exist-
ing product through reduced production costs or i-
proved quality, this does not pose at problem. However, 
where it is necessary to cstablish a ,lewproduct, there 
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 a certain level of skil!and 
experience to achieve the desired quality charac-
teristics; 

* 	an entrepreneur, not necessarily with prcvious; agro-
industrial experience, invests in the process for man-
ufacturing the product. Ifentreprenurial groups canufacturing
prouct Ifc 

be easily identified (associations of food manufac 
turers or growers' federations, for exaniple), then 
through them it may be possible to identify inerested 
parties. Also, their involvement from in cary Ftag' 
wo.I be important; and, 

" 	processing is underatken by farmers' organi/aliouts 
such sassoci:tions or coops. If these orgaaiizat ions 
already exist and have many years of experience, 
they are an ideal allernative given that tihey will have 
a direct control over the supply of raw material and 
will also have the re('!rcd managerial and adminis-
trative capability for taking on a new venture. On the 
other hand, it may be necessary to Form a farmer 
organization around the establishment of a process-
ing activity. In this case first generdlion products are 
normally 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 of this 
interaction between raw material and processes. To take 
a simple example, a root crop with a high dry mattercontent (40)% +) can be successfully dried at low cost 
(n t drying, e) ; we res a t o 1 osr 
(natural drying, etc.); whereas a root with only 15% dry 
matter will obviously take longer, require more sophis
ticatcd drying conditions and equipment, and/or be of 
poorer final quality. In general, the economics of pro
cessing improves with increasing dry matter or starch 
content; that is, fewer tons of raw material make a ton 
of end product. The presenceof toxic oranti-nutritional 
factors may necessitate extra processing steps or in
creased process time to eliminate/reduce them to ac
ceptaWe levels. 

The non-uniformity of size of some roots and tubers, 
especially cassava, xses problems for initial process
ing, cspccia ly peeling, which is very inefficient. Roots 
can be graded by size before peeling, but this represents 
an additional lbor cost. Hand peeling is highly labor 
intensive and uneconomical in some areas, although it 
can be a useful source of employment in others. 

The specifications for raw matrials that must be 
atail 	 t
 

ailable at the end of this stage will be those that, whenwith wntreevelepedahegroupsve'a 
canihined with the processc as develoned here, give a 
product of the required quality. If the spec.ifications are 
such that only asmall percentage of the haivested roots 
and tubers 1,!1i marketwithin them, then either a gao! 
must exist for reject roots or a sufficiently attractive 
price must be paid to farmers to encourage sales :o 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 
adlilion, 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 importar.t to identify those 
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aspects of both that are crucial to meeting the quality 
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.). 

Inorder to obtain satisfactory end product quality, 
it will be necessary to adjust process conditionrs and 

select appropriate raw material. 

Deternination of 
Technology and Equipment Selection 

If the objective of the product development project is to 
benefit small farmers through market expansion and 
employment generation, the equipment chosen for root 
crop processing must be appropriate for use by such 
groups. In a rcsearch situation, it is tempting to opt for 
technologically sophisticatcd processes even though 
sinmpler options are frequently availablc. However, the 
latter have the advantagcs of local construction (gener-
ating more employment); few if any imported parts, 
which can cause botilenecks latcr ifspares arc required; 
and, are s'raightforward for lbrmer groups to operate 
and perform basic repairs and maintenance on. The 
scaleoftcchnology isalso important: small-scale equip-

ment is most suitable to farmer groups. It is important 
to identify the capacity ofeach pieceofequipment/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, thesources ofpoweremployed,and the des ign of the equipment made locally can be 
helpful indefining some of the process options. 

Equipment design is a specialized activity, and 

projects will need to include capaxble people in this field. 
Frequently, this specialization (mechanical engineer
ing) is not found within the national agricultural or 
development institutions. It will 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 ofnsmIl 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 
equipmet has been designed in tl recent past for rcot 
and tuber crops, by both internatiomal 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 assessing i)rodtIct quality requirements. 

End prxluct quality 

Dry matter < 14% 

Low microbial counts 

Fiber content < 3% 

Protein content > 5% 

White color 

Process 	 Raw material 

Drying ,latural? Artificial? 	 Iligh dry matter content 
needed 

I lygicilic conditions, water Absence of pre-harvest 
treatment, rapid diying root!*,, 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 tile product meets the quality specifica-
lions desired. However, only tests carried out with "real 
people" can tell ifthe more subjective aspects ofquality 
are satisfactory. The perception of taste, aroma, fccl 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 n 
acceptable product is being developed. 

Two types of situations can be used to evaluate 
organolcptic quality: taste panels in controlled condi-
tions and consumer pancls (at-home use tests). 

In the lab situation taste panels provide a "scien
tific," controlled cnvironmcn: in which the subjective 
nature of this testing is nade isobjective as possible. 
The panelists can be highly trained pe ple with sensitive 
organoleptic capabilitics, .,'ho mcet on a rcgular basis 
to evalulte samples. A s,ci-il environment with con-
trolled lighting and samples presented in rndom order 
permits the reduction of human and other errors. How-
ever, it is not essential to construct aspecial facility. Any 
quiet, well-lit area will suffice. It is important to select 
the panelists carefully. This requires more than just 
gathering the 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 
a good sense of tlaste, smell, etc. (This can be tested with 
preliminary screening based on presentation of sweet, 
salt, bitter, and acid solutions of differing conccntrations 
for identification and ranking.) Preliminary group dis
cussions can help to reach a consensus on the quality 
characteristics to evaluate. The scales Lsed for evalua
tion should ie 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 sc ae ch o sena n d the expe ri m e ntal des ig n . 

Taste panels can be used to cvaluate: 

* 	 intensity ofdiffercnt quality characteristics ofa food; 
e.g., sweet taste-little ...very intense; 

" 	intensity of quality characteristics relative to astand-
ard; e.g., much sweeter than X; 

" 	acceptability of a food; e.g., very acceptable not... 

acceptable; 

• preferenceofa food, relative to standard; e.g., prefer 
X to Y; and, 

* 	 hedonic evaluation; e.g., like ...dislike. 
Consumer testing of pniducts. 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 lter stagcs in the rescirch process (and 
certainly during pilot scale operations), the product 
must be tested inthese more varied environments. Con
sunlers' methods of preparation (use of other ingre
dients, cooking times, etc.) will vary grcatly, si,will 
their perception of foods and their individual preferen
ccs. The results ofthis sort ofevaluation will, therefore, 
be the summation of a series of lactors, for example, 
giving an overall like/dislike acceptability rating, or a 
purcM, intention. 

Because variability is so high, it is impxortant to 
include a relatively large number of consumers. The 
sample should be representativc as regards income level, 
rural/urban areais, fiamily size, etc., to ensure that the 
composition issimilar to that of the overall target Ixppu
lation. Inurban areas, cen.sus 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 necessary, 
drop-out rates high, and instructions (e.g., dates for food 
preparation) may not be followed. In some countries, it 
canbcdifficulttoobtainadequateparticipationbyupper 
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 
phlLe. 

Pa,.-aging 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., shelflife 
in shops and homes for consumer goods; storage time 
before further processing for industrial goods). r :Otherc 	 v ut i f r a o n r mc n s e r t d esrelevant infornmat ion from consumer studies, are: 

9 package size; and. 

* 	storage conditions, at home and in store, etc. 
Some initial storage trials in i range of package 

materials in typical storage conditions can then be eval
uited 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. 

These results can then be used to design the best 
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 isenvisaged, 

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 necessary 
:9 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; 

* 	project engineering development; 

* 	development 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; 

a operating costs and total product costs; and, 

* 	 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 cr 
not to set up a pilot-scale operation in the region where 
the selected commodity isgrown. 

Conclusion 
Research in support of product and process develop
ment involves market and consumer research, and techni
cal 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 of 
studies is to recognize from the outset the paramount 

importance of not only the technical feasibility but also 
the commercial viability of root and tuber processing. 

Once the market for the proposed product has been 

assured, research can focus on technical product and pro

cess research on aprototype or pilot scale. Lab 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 

product development process can focus on the operation 
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 teclmology (Keane, Booth, and Beltran 1986), 
traditional potato processing in the highlands (Werge 
1979), prospects for increased consumption of tradi-
tional processed products in Lima (Benavides ard 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 incomegrous inocessed a aoutsvaileLim pt h t nmeg ro ups in Lim a sim p ly waL,n o t av a ila ble. Th u ~sa team 
of social scientists at the Universidad del Pacffico ad-dressed this topic during 1987 (Gome:z and Wong 1988). 

The Method. This study incorporated a variety of re
search procedures (Goniez and Wong 1988): a literature 
review; participant observation; informal interviews with 
potato processors and traders; and a pilot consumption 
survey utilizing a structured 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 tindings were presented to agroup 
of processors and traders as part of the information 
gathering. 

The Results. The principl findings of this study follow. 

1. A variety of different processed potato products are 
available inclading potato starch, dehydrated (tradi-
tional) potato (papaseca), instant potatoes (imported), 
potato bread, potato crisps, bleachedand dehydratcd 
(traditional) potato (papa chuito), and peeled and 
pre-cut potatoes for restaurants. The estimated total 

fresh potato requirement annually for the Lima mar
ket alone is 36,000 t. 

2. Many consumers were unaware that one or more of 
these 	products exist; they professed considerable 
testpro wing the pro fee sesable 
tee iow m b ie s 

3. 	Particular attributes (and defects) of these products, 
as noted by the consumers, were identified (Appen
dix Table 1). 

4. 	 Products with practical use, e.g., crisps, instant poa o s w r f u n tob m r e e p n i v os ml t d 
tatecls, wrcfound to be more responsiveto simulateddeclines in price than those with specific uses, e.g.,
potato starch, dehydrated (traditional) potatoes. 

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 blcached 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 potatoe-s and to exercise 
more quality control in packaging such as making sure 

the product has been properly washed, that the package 
contains no extraneous materia. (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 of the next step (see Appendix 
B). 

Appendix Table 1.Attributes; anti defects of potato protlucLs in Lima, Peru. 

Product Attribute l)efect 

Potato starch Good taste Tends; to go lumpy 
Potato crisps Practical, readily Greasy, salty, spoils 

available 
Instant potatoes Easy to prerare Acidic taste 
Dehydrated potatoes Filling Hitter tslte; uneven quality 
Bleached & dehydrated x)tatoes Nutrilious; Small pieces 

Source: Adaptedfrom Gomez and Wong 1988. 

183 



Appendix B 

Potential for Potato Processing in Northeast Colombia 

The Problem. Colombian policy makers concerned 
with rural development as well as researchers in the 
National Potato Program 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 bringing this about. The Pamplona region in 
northeast Colombia seemed an ideal location for estab-iishing such facilities because it isan area where potatoes 

are the principal crop and is noted for its small-farm 
population and geographic isolation from the rest of the 
country. The 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 tcchnical 
personnel. Subsequently, a rescarch project began to 
assess the socio-economic feasibility of such technol-
ogy. A key component of this technology assessment 
was an attempt to determine the needs and interests of 
local potato producers with respect to simple pottto 
processing. 

The Method. Research methods for this project in-
cluded a review of available studies and secondary data 
on potato production, prices, and marketing in the Pam-
plona region; a gathering of producers to slw Nthem the 
types of dishes tht could be piepared v ith processed 
potato products (e.g., crisps, cakcs, soups); and a formal 

survey of 81 growers, selected from five different fiarm-
ing localities in the region. Recent agricultural census 
data a.,d farm production statislics were consulted to 
determine the location of x)tato production in the various 
localities and te number of potato producers in each. 
Furthermore, since thesurvey was conducted by personnel 
of the Colombian Institute for Agricultural Research 
(ICA), tie exercise was intended to collect information 
not simply about potential interest in simple p)l110 
processing, but also about technical aspects of polato 
production of iprere.st to the National Potato Program. 

The Results. Highlights of the producer survey find-
ings were (Mantilla 1988): 

1. Of the farmers :nterviewed, 631. have produced 
polatoes for over 20 years; in 1986, average potato 

production per farmer was 52.7 t, 9% 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 when supplies are abundant in the market; 
40% or less is sold in April-May, when growers 

refer to sell because suplies are lower and rices 
prfer; sel bccu ,ppli r prieshigher; sales occur at harvest time with little storage 

3. Of the growers interviewed, 52% reported selling 
potatoes at very low prices in 1984 and 9% in 1985 
and 1986. 

4. 	Family labor is employed all-year round by 73% of 
farmers; in fact, 681/, have difficulty hiing labor at 
harvest time. 

.Many (72%) re familiar with potato crisps, but 28% 

6. 	Of the 81 growers intcrvicved, 80 are interestel' :n 

processing part of their production ihtorder to im
prove prices, divcrsify the family diet, and provide 
employment for houschold members. 

7. Products the growers aie interested in producing
include potato chips, pelto flour, and french fries. 

Impact. Results of this survey were decidedly mixed. 
Nearly all growers exprcssed intcrest in processed pro
ducts anda disposition to conduct suchactivity in coopera
tior with other 'lirmers. Ilowever, they also rcfx)rtcd no 
particular difficulty inselling their harvcstlat remunerative 
prices. In fact, the last time prices were disastrotsly low 
wa.s several ycars ago. ius the economic incentive to 
proce.ss was not as compelling as in the caise of India (see 
Navc and Scott 1991), where severe scasonal fluctuations 
in potato prices occur e.cry year. The labor shortage at 
harvcst time also raises questions about the feasibility of 
introducing a labor-intensivc technology to operate at a 
time of year when manpowcr is :ilready scarce. While 
the.se findings havc not prompted abandonment of pro
cessing, they have led to a reconsideration of the economic 
rationale for thaactivity. 
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SOTEC Village-level Potato Processing Development:
 
Organization and Marketing 

Robert W. Nave1 

Abstract 

This paper describes the development of a potato drying process. This process includes processing
equipment, an organizational structure, and marketing ofdried chips, strips, and powder produced in small 
village units of 10-15 people. Assumptions had to be made for each ispcct of the process and tested in 
pilot projects before introducing tile proccss to village units. 

This paper concludes that a viable potato drying project is possible wherever there is a large, seasonal 
fluctuation in potato prices; !he harvest season is followed by a 3-4 month dry season; rural wages arc 
relatively low; and, there is an existing or potential market for this type of product. 

Key words: India, plant and equipment, applied research, economic feasibility. 

Background 
Every few years there is a glut in the major potato 
growing region of North India. This excess generates 
wide price fluctlations resulting in severe economic 
losses for small farmers. Excessive profits are often 
captured by those who were able to buy up potatocs and 
store them in refrigerated storage. 

Even during normal years there isa wide variation 
in potato prices. Only about 70% of the crop can oe put 
into cold storage. Hence, the Society for Development 
of Appropriate Technology (SoTEc) Village-level Po-
tato Processing Project was developed to provide an 
alternative to distress selling and refrigerated storage, 
and to bring additional income and employment oppor
tunities into suitable villages. 

With the help of Compatible Technology, Inc. (cTI), 
Minneapolis, MN, USA, and the International Potato 
Center (CIP) Region VI Office, New Delhi, SOl"EC 
undertook to develop and establish thi program. It is 
now embarking on an ambious five-year development 
and replication program with the assistance of Ap-
propriate Technology International (ATt), the Food and 

Agricultural Organization of the United Nations (FAO), 
and others. 

Currently, there are seven regular village units, one 
small unit at a village women's training project and a 
new women's unit at the SOTEiC Rural Training and 
Village Development Center. Each year SO"EC ha s con
ducted gencral training programs to which any inter
e.ed person is welcome as well as special training 
programs for groups or individuals on request. In addi
tion to the above-mentioned units, SOTEC has helped 
establish 7-8 more. Since these units operate completely 
independent of SOTFC and are far away from the pro
ject's area o foperation, no information can bc presented 
here on their functioning. 

When the SOTC program started, it was difficult 
to locate people willing to set up units who fit the 
definition of the project's target population. Therefore, 
it is not surprising that most of the units which were 
organized during the first three years have stopped 
functioning, while all the units started during the next 
three years are operating. This latter group of units is 
from the target population for which the program was 
designed. The five-year goal of SOTEC is to see 90 

Project Director, Society for Development of Appropriate Technology (SOTEC), 182 Civil Lines, Bareilly, India. 
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full-sized village units (two units belonging to women) 
in operation in 1991, an additional 15 units in 1992, and 
100 new units in 1993-95. About one-third of the new 
units will be women's units. By the end of this period, 
SOTEC expects this village industry to be self-ieplicat-
ing. 

Since the potato drying season lasts only for four 
months, SOrEC, along with CIP and other institutions, 
are experimenting with sweetpotato, vegetable, and fruit 
drying to extend the processing season and the use of 
the existing equipment. The peeling and slicing equip-
ment has been successfully tested on small quantities cf 
cocoa yams, cassava, carrots, and onions, though only 
cocoa yams and carrots were peeled in the peeler, 

Basis for Undertaking the Project 

Before deciding to go ahead with the project, certain 
trials were undertaken and ,ssumptions made over a 
two-year period. From this experience a training manual 
was written and a ruJimentary plan was developed. 

The project could go ahead only if potatoes could 
be stored without refrigeration until needed. To test this, 
about 2,00 kg of fresh potatoes were stored in a deep 
pit. Each week about 50 kg weret removed. About half 
were processed and the remainder cooked in the boys' 
hostel kitchen. By the 10th week the spoilage and weight 
loss was quite ligh, but the product made from these 
potatoes was as good as that made earlier. After the I0th 
week, rapid deterioration made further storage imprac-
tical. 

Processing was done using equipment available in 
the bazaar antd with lab quality potassium ecta bisul-
phite. Sometimes the results were good and sometimies 
poor, but they were good enough te;encourage SOTFCto try again during the following year. Itsoon became 
apparent that asubstantial increase in worker otput and 
aavrycoent prosuctnqualityasei woker nesa ta ve ry co nsiste nt pro d u ct q u ality w ere nec essa ry tomake this industry viable, 

During the second season, several simple machines 
for xc!ing and slicing were fabricated and tried. Also 
several designs for racks and blanchers were tried. The 
first piototyps of all the equipment now in use were 
developed during this time. However, it has taken another 
four years to firm up the equipmeit designs. We are still 
making improvements and exploring the possibilities of 
improved or less expensive designs. 

Often thc; desired potato varieties for processing 
were not avaiIable,. Even when they were, other varictic; 

were usually mixed in. Also pottoes of the same va
rieties from different areas, different cultivation prac
tices, and different times of the season resulted indifferent 
product qualities. The challenge was to develop a pro
cess which worked on almost all varieties of potatoes 
and could be done by illiterate people without using any 
testing or measuring equipment. The process which 
SOTEC has developed comes close to meeting this ideal. 
During the third year, 39 combinations of chemicals and 
timings were tried; the better results were kept sealed in 
200-gauge polythene bags for one year. Several re
tailers, wholesalers, and others who sell similar pro
ducts were asked to choose the product most acceptable 
to them. fhe process that corresponded with the sample 
selected by wholesalers and others was chosen for the 
project. 

Storage for Processing 

The profitability of the village units is greatly reduced 
or eliminated unless potatoes for processing are pur
chased at the peak of the harvest and stored for the 
drying season. Therefore, it was necessary to design an 
inexpensive, practical way to store 60 t of potatoes to 
be processed over 90-120 days. Practical experience 
showed that about 20t could be stored in any reasonably 
cool and ventilated room or shed for processing during 
the first 20-30 days. 

A passive evaporative storage building, which we 
call a "rustic store," was designed based on the design 

developed by CIP Region V1 for bulk storage of up to 
2(1t of potatoes piled one meter high on a slatted floor. 
The walls are made of mud and the roofof thatch. These 
are typical village construction materialsand techniques
for this region. The base of the building is a flat, cement 
pl.;tercd, brick platform, with a 4 in high rim around 
the outside edge so that it will hold water. Bricks arep a e nt i l t o mi a h t al w e t l t oplaced on this platform in a way that a',lows ventilatio.-.
in all directions and that will also support a split bamboo 
floor. A fine chicken wire mesh is stretched over the 
bricks but under the bamboo floor and another from 
wall-to-wall at ceiling level to keep rodents out. The 
cost of constructing a 20 t rustic storage is about 1.5 
times the cost ofstoring 20 t of potatoes in a commercial 
cold storage for one season. Maintaining and operating 
costs are about 20% as much as storing in a cold store. 
Potatoes from ;he rustic :,tore process better than those 
from the cold stor,. During the off season, the store 
can be used for other crops, equipment, or as living 
quarters. 
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Equipment and Processing 

The complete operation and processing can be done 
manually without any conventional energy, except for 
fuel to heat the blancher. Units have operated using hand 
pumps and in one case, using buckets to draw water 
from an open well. A 3,000-liter tank can hold enough 
water to process 2 t in two days. To process 500 kg or 
1,000 kg in one day takes almost the same amount of 
water. 

The processing steps can be summarized briefly as 
follows: 

Store Fri.sh Potatoes 

About two-thirds of the anticipated quantity of potatoes 
to be processed turiag the season should be stored in a 
rustic store as desc-ibed above. Only good quality po-
tatoes should be 'torcd. Every few days the area under 
the floor should be tilled wth water. This is especially 
important if the potatoes are stored for over a month. 
When potatoes are being used from a store, itshould be 
opened only once each day, preferably early in the 
morning. 

Wash and Peel 

The SOTEC peeler washes and peels at the same time. 
Water is fed into a drum through its axle. If running 
water is not available, it may be siphoned from a con-
tainer placed 5 ft high. The drum is coated inside with 
a coarse carborandrum grit. Potatoe:; are peeled by 
rotating tLe drum mnually. Thirty to fifty kg may be 
peeled at one time. Peeling may take from 2-15 min 
dependingonthe quality of potato, theconditionofgrit, 
and the speed of rotation. Potatoes should be peeled as 
little as possible but enough to process well and be 
acceptable to customers. Seventy percent peeling is 
sufficient for pro,,'essing. Peeled potatoes must be 
covered by water at all times to prevent darkening. 

Rectifying 

Cuts, green areas, rotten spots, deep black eyes, and 
other discolorations are removed with a knife before 
chipping. We have experimented with several designs 
of knives and have found that some shapes and lengths 
result in much quicker work. Rectifying isdone in small 
processing units by women squatting around tubs of 
potatoes. The most efficient arrangement isone women 
at each tub. Fourormore women around one tub reduces 
the output by almost 50%. Rectifying is the most expen-
sive step of the process when making julienne strips, 

There is a tendency to rectify too much or too little. 
Village women in the project area are not used to using 
paring knives and have to be taught. 

Slicing 

This is done on aslicer wich can be operated by either 
a foot-operated cycle or a 1/2-hp electric: motor. Blades 
can be fitted to cut chips (wafers) orjulienncstrips.The
thickness of chips or strips can be adjusted without 
tools. The slicing rate varies from about 200-500 kg per 
hour. The rate depends on the speed and uniformity of 
operation and thickness oftheslices. Any relatively firm 
fruit or vegetable such as carrots or onions can also be 
sliced on this machine. The only drawback, at present,
is that both the blades and blade holders aie imported. 
Sliced potatoes fall directly into a 0.05% solution of 
sodium meta bisulphite. Once enough machines are in 
operation in India, they will be manufactured here. This 
can be done with a 10 t press, and milling and grinding 
machines. 

Rinse 

Afterslicing, the chips are packed into nylon mesh bags
for easy handling. They are then rinsed in tubs of plain 
water 2-4 times to remove surface starch which has been 
freed by theslicing. Starch in theslicingand rinsing tubs 
is accumulated, rinsed, and put out to dry at the end of 
each day. A hook is placed above each tub where chips 
should be drained before being taken to the next step. 
Another hook is also placed through the drawstring of 
the bag to speed hanging and handling. Tubs can be of 
any convenient size and shape. Two sizes are used. Each 
have an 11.5 in height. One has a 60-liter capacity and 
the other has a 160-liter capacity. Stainless steel tubs 
would be ideal, but are much too expensive. Now black 
sheet metal tubs are used and painted with the most 
durable Enish available. The :ubs generally have to be 
repainted each year. Galvanized iron sheet tubs do not 
hold up either, unless they are painted. The possibility 
of heavy duty plastic tubs are now being explored. 
Common plastic tubs and buckets last only a few weeks. 

Blanching 

The blanching tub is 15 in high, 18 in wide, ano 36 in 
long and made of 26-gauge stainless steel sheet. A very 
thin sheet is used because stainless steel is very expen
ive in India. Therefore, the tank must be supported 

from underneath and no outlet should be made in the 
bottom or sides. The tub is emptied through a siphon 
made ofgalvanized iron pipe. The tub isplaced in a mud 
and bick structure with a fire box at one end and a 
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chimney at the other. A space is left between the tub and 
the structure all around to improve heating. More than 
1,00C kg of potatoes can be blanched in one day. 

Chemical Bath 

After blanching, the bags of chips are placed in a solu
tion of 0.1% sodium meta bisuilphite for about 5 min. 
This water becomes very hot, but we have not tried to 
keep it cool or to pre-cool the potatoes before putting 
them in the solution. The chips are drained over the tubs 
before spreading. This step has made product quality 
better and more consistent. 

Drying 

The racks are made of electric conduit pipe with a 1/2 in 
mesh chicken wire stretched over the top. They have 
6 in legs and can be stacked up to 10-12 in high. The 
potatoes are spread on nylon mosquito netting placed 
over the racks to keep tht. chips from touching the wire 
mesh and to make handling easier. Only one person is 
required to spread julienne strips. They are spread and 
later turned over 3-4 times during the day simply by 
running one's fingers through the layers of potatoes. 
Wafer-type chips require at least five times is much 
labor because each chip has io be separated on the 
netting. Wafers also require about five times as much 
rack space. 

Drying is done in open sunlight. It takes from a 
minimum of 6 hrs to a maximum of three days. When 
drying takes more than one day or the weather threatens, 
the racks of chips are stacked in a well ventilated shelter, 
We have not been able to design a solar drier which is 
more efficient than open air drying. Being able to stack 
the racks has been very beneficial and convenict't, 

Originally bamboo racks were made at about one-
third the cost of the conduit racks. However, they did 
not last, were bulky, and did not stack well. In the long 
run, the' were more expensive, 

Grinding 

At present, a large market exists for dried wafers and 
strip.s. And, the marke' is growing for powder and 
granules. These are made by grinding chips or strips on 
a locally available stone mill normally used to grind 
wheat or on a screen mill. Some customers want a 
uniform granule size. To provide this, sieving is done 
between two sieves. So far this has been done manually, 
This results in considerable dust, which is both un-
pleasant to work :n and represents a considerable finan-
cial loss. 

Tile irregular, broken, and slightly discolored chips 
are used to make powder. Potato starch can be added to 
the powder but not to the granules. Some customers 
require a high starch content which can be obtained only 
by adding the starch collected during processing. 

Space for Processing, 

Drying, Grinding, and Storing 

Processing can be done in an open shed with a thatched 
roof over a plastered floor of about 15 x 20 in with a 
good slope for draining. The processing water should 
be drained into a field or vegetable patch in such a way 
that the water can be emptied into different plots each 
day. This keeps unplcasant odors from developing and 
also utilizes the nutrients which are in the water. 

The drying area can be any open area on a roof or 
in a field as long as the area is not excessively dusty and 
is close to the processing area. About 3,150 ft2 of area 
is required to dry 1,000 kg of potatoes per day during 
good drying weather. About 50 racks are sufficient for 
strips and 70-100 racks are needed for chips (wafers). 
After the product is no longer sticky and begins to curl, 
the contents ofseverd racks may be combined onto one 
rack. 

Grinding should be done in a room and requires
about 300 ft2 ofspace. Grinding and siuving can be done 
in the same room, but packaging and storage is better 
done in an area without dust. Only one grinding unit is 
needed for 8-10 production units. 

Storing finished product to be sold during the year 
is a major problem. To store 20 kg of chips (wafers) 
takes about 6 ft3. If 75% of a year's production of one 
village unit is stoced as a mix of wafers, strips, and 
powder and stacked 6' high, it will take a floor space of 
about 15 x 25 ft. Rustic stores can also be used to store 
the finished product. 

Organization 

It was clear from the beginning that a project of this 
nature would have to consider a number of factors 
including finances, raw material purchasing, process 
development, equipment development and supply, on
going consultancy, training, mobility, collection, and 
storage of raw materials and .inished products, legal 
requirements, enviromrental factors, sales, and market
ing. 



Village units cannot deal with all these matters on 
their own. Several forms of organization were con
sidera. A three-tier system was eventually decided on. 
In this system, the tiers are divided on the basis of such 
things as skills, educational level, experience, and nmo-
bility required. Legal requirements, and how they could 
be dealt with, were also considered. 

Tier I 

Tier Iis composed of the village production units. Their 
job is to process the potatoes and deliver them to a 
central Tier II unit. This should not be more than about 
30 km away. Unfortunately, some of the units are is 
muchas80 km away which makes transportation costly, 
and meetings and supervision difficult. 

While all Tier I units are registered societies, they 
are esseniaily owned by one person. The project isnow 
working to establish some units which ae true coops or 
associations of equal persors all of whom will share in 
the profits of the unit. This region of North India has 
been notoriously unsuccessful in establishing coops. To 
establish a successful coop here will require a long 
period of guidance and training. 

Tier II 

Tier II collects, stores, grinds, packages, and checks 
product quality. Originally, this tier was planned to be 
an independently owned business. However, this would 
put the Tier II unit in the position of "iriddlcman" with 
many opportunities for exploiting the village units. After 
trying several approaches, it was decided to form a 
coop-type association ofall the production units and the 
sales organization to function as the Tier 11unit. so'I'-C 
is also a member of this Association. The Association 
is still very new, but the concept seems to be promising. 
The Association isnow in the process of takint, over the 
responsibilities ( [ obtaining operating loans, develop-
ing and providir-g machinery, providing consultancy, 
and many of the otheractivitics now done for the potato 
project by SOTEC. 

Tier III 

Tier III is composed of the sales and marketing units. 

These are privately owned registered companies and are 
members of the Tier I1Association. The possibility of 
selling through established marketing agencies was in-
vestigated but their charges were found to be very high. 
In addition, this sort of project needs people who are 
dedicated to its concepts and social goals and in dcvcl-
oping long-term benefits for the village units. 

Financing 

The unit holders need loans to purchase potatoes for a 
full processing season and for fixed capital. The unit 
owners are expected to put as much of their own money 
into the project is possible. In some cases, such is a 
recently started women's unit in which most of the 
women are widows or the sole earning adult in the 
fimily, little or no money can be invested by the owners. 

So far it has not been possible to obtain financing 
from banks. They require collateral in the form of real 
estate or guarantees backed by bank deposits. Until now, 
SOTI:( ICLs had to finance units using grant and loan 
funds from a variety of donors. Under this program 
SIToxC has provided the equipment, which isdebited 
against the unit, funds to buy potatoes or the potatoes
themselves, and has made payments for processing after 
the product has been Jelivered to the Tier II Association. 

All loans are repaid in the form of product. Cash 
loans are repaid in one season and fixed capital loans 
over a five-year perod. So far the farmers have been 
very responsible in this matter. 

Each year the cost of producing one kg of dried 
product is calculated. At present, labor, chemicals, fuel, 
maintenance, repayment of equipment, use of facilities, 
use of the rustic stores, and profit are included in the 
calculation-s. Profit is calculated at 20% of the process
ing costs. Or an average, the dry product is 17% of the 
weight of the fresh potatoes processed. Deductions for 
equipment payments and any loans given are made each 
time the product is delivered and paymen.-i are calcu
latcd. However. the payment of profit may be deferred 
until later in the year when sales improve the cash flow 
position. 

Interest has not been charged on the loans given 
through sorL:c. However, when bank financing is final
ly available, interest between 4-12.5% will have to be 
added. sOTI-" believes this can be included and still 
leave the business profitable. 

Marketing and Sales 
A market for dried chips existed before the project was 
started. The demand is greatest at the time of certain 
festivals. People deep fry chips and sprinkle with salt 
and spices. Chips being marketed earlier were generally 
of very poor quality and in limited supply. rlhe market 
isgrowing and is ,esponding well to the introduction of 
a beter quality dried chips. However, we felt the SOTEC 
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village process would eventually saturate the market 
and a new product should be introduced. For this, we 
chose potato powder. 

SOTEC intended the potato powder to be used in 
homes and roadside restaurants; therefore, a large num-
ber of potato powder recipes were developed. Quite a 
few demonstrations were given in stores, clubs, and 
institutions. The response was good, but the project has 
yet to take advantage of this market. One reason was the 
lack of funds to develop and buy the quality of packag-
ing materials necessary to introduce a new food concept. 
The other was the relatively high cost of distribution. 

While exploring the market for powder-based pro-
ducts, a great deal of interest was detected in extruded 
snack products made from powder and granules. The 
powder made by the village units has been costing about 
25% less than that from large factories and, the project 
was told, has a better flavor. Since the project has sold 
all its product to this market, developing the home 
market has been put off until the program is better 
established. SOTEC believes the home-use market will 
eventually be largerthan thesnack manufacturing market. 

Some bulk users insist on 30-45 days credit and 
then they often delay payments for months. This has 
caused serious cash flow problems. Project staff are now 
trying to get payments in advance or have letters of 
credit opened in SOTEC's favor. When neither is pos-
sible, small quantities of product are now given with full 
payment insisted on for the previous shipment before 
the next delivery, 

The marketing of powder provides a way to use 
brokea and slightly discolored chips. Powder also pro
vides a way to utilize the starch which is collected as a 
processing by-product. 

Marketing and Sales System 

There is a sophisticated and well developed marketing 
system for food commodities in India. Most sales agen-
cies, wholesalers, and distributors handle several pro
duct lines. If a product is to be given equal treatment, it 
must be equally profitable to the dealer. When the 
product is new, it requires special effort and higher 
mark-ups. 

SOTEC found it far too expensive to contract any 
well-known sales agency. The less expensive ones were 
not willing to give SOTEC's products the kind of attery, 
tion they needed, nor assume any of the risks. Therefore, 
project staff looked for some young persons interested 

in marketing and sales who wanted to build a business 
for themselves. This also fit in with the project's rela
tively low production and need to build up the industry 

slowly while the units were learning. 

Although SOTEC has not given anyone exclusive 
rights to its products, the project has given pncwity to 
two young men who have established registered sales 
companies. As they market the project's products, SOTEC 
helps them build their companies. This fits with the 
Society's social goal of establishing independent busi
ness and industry among low-income people. 

It will still take two years for the project's market

ing and sales system to reach the level of stability 
already achieved by the processing and machinery pro
grams. 

Shelf Life 

The product, whether it is wafers, strips, or powder, 
keeps well for two years or more if it has been properly 
processed, is kept dry, and is protec:ed from outside 
infestation by insects or rats. Several tons have been 
stored scalted in 20-gauge polythene bags inside polythene 
woven outer bags. Before packaging, SOTEC tested the 
contents for moisture by sealing a small amount in a 
plastic bag and leaving it in the sun for about an hour. 
If no moisture collected on the bag while it was still in 
the sun, it was dry enough to store. 

The climate in North India is usually hot and very 
dry for three months, hot and very humid for three 
months, and temperate with moderate humidity for six 
months. 

The project has kept product stored for two years in 
a shed with three walls and a thatched roof. Product was 
stacked on logs and bricks to keep it about 4-6 in off the 
floor. No cereal grains or other infested materials were 
allowed in the storage building. Rats or mice did some 
damage, especially during the monsoons. 

Pricing 

The price depends on the purchase price of potatoes, 
storage costs, processing costs, transportation costs, 
finished product storagecosts, overhead, and mark-ups. 
Several of these factors, such as transportation and 
mark-up, have to be considered at several stages in the 
marketing process. SOTEC's experience has been that it 
is best to consider (and allow for) all the steps and 
marketing costs found in the traditional marketing sys
tern used by the established processed food industry. It 
is essential to include all these costs in pricing even if 
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some of the steps can be subsequently eliminated. Such 
savings can add to profitability or be used to lower 
prices. At fi;st, the project tried to bypass some of the 
stepsanddidnotmakeallowancesforthem. L'ter itwas 
necessary to incorporate some of these steps and costs, 
which created confusion in the marketing and sales 
program. 

The pricing process was based on the best estimates 
for potato prices plus the accumulative costs at each 
pricing point. The pricing points are: (1)delivery at the 
collection center; (2a) sale to a marketing agent who is 
a member of the Association, or (2b) sale to an agent 
who is not and Association member; (3)sale to awhole-
saler or local distributor; (4) sale to a retail store, and 
(5)sale to customer. There are only three pricing points 
for bulk users instead of five is required for a sale 
through retailers. 

Two considerations which S)IF.c feels are impor-
tant in pricing are that the price must be within accept-
able limits for the final customer, and that the price 
should be the same throughout the year as far as pos-
sible. This means that costs of storage are prorated on 
product throughout the year. 

Conclusion 

SOTEC underestimated thecost, the effort, and the time 
required for establishing this processing industry. Ini-
tially, it was envisaged that developing a suitable pro-
cess would be the most difficult task. However, this was 
done rather easily and quickly. Alth'ugh there is room 
forimprovement, the process works well, and is reliable 
under a wide variety of conditions. 

The overall processing system was more difficult 
and costly to develop. The financial aiid technical help 
which SOTI-C received from c-I and CII made it pos-
sible to develop a good processing system and very 
successful and practical processing equipment. 

The rustic store design has proven itself suitable for 
the project requirements. It can be easily replicated in a 
tropical or sub-tropical area wherever short duration 
storage is required. The problem of storing finished 
goods is one of sufficient space. No special technology 
is involved Sufficient storage space is a matter of 
constructing or renling suitable storage buildings. 

The most time-consuming, difficult, and expensive 
part of the program is to establish and operate an organ
ization which coordinates the small, scattered, inde
pendent villhge-based units and undertakes such 
responsibilities as training, sztting up new units, provid
ing consultancies, controlling quality, collecting pro
duct, and marketing. 

Inany replication program, either in India orabroad, 
a lot of attention must be given to the problems of 
financing and marketing. Without a committed source 
of funds to sustain the supervisory organization during 
the development period and to provide risk capital for 
developing the units and keeping them going during the 
initial period of 2-3 years aad to provide a reasonable 
marketing strategy, a lot of time will be lost and un
necessary mistakes will be made. 

A viable village-level potato drying project can be 
established any place where there is a considerable 
increase in potato prices following harvest and where 
the harvest season is followed by a 3-4 months dry 
season, where fann labor is in surplus during the dry 
sclson, rural wages are relatively low iscompared to 
urban wages, and where a market for dried potato pro
ducts or some type of snack industry exists into which 
this product could fit. It is, of course, possible to intro
duce a completely new prodluct into the market; al
ihough this would probably require greater effort and 
time and may require a different marketing approach. 

The experience of SOT'iC during the past eight 
years and the results achieved can be used isa sound 
foundation for planning and implementing a replication 
program in any suitable area. 
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Transfer of Sweetpotato Processing Technologies:
 
Some Experiences and Key Factors 

Truong Van Den1 

Abstract 

The paper presents some experiences in tile transfer of processing technologies for fruity-sweelpotato 
products, dried sweetpotato with a sweet and sour taste, sveetpotato catsup, sweetpotato jam, and 
sweetpotato beverage. Three modes of technology transfer to ,heprivate sector are highlighted including
direct extension, exclusive, and non-exclusive contracts. The key factors in the technology generation and 
pilot testing phase which accelerate the process of technology transfer are analyzed. 

Key words: fruity-sweetpotato products, technology transfer. 

Introduction 

One of the criteria used to Itssess the viability of a 
processing technology is its successful transfer to end-
users and eventual commercialization. The complete 
process of research for development should start from 
idea identification and development of the techinology
to echnoogyiatnran d comentrcializ tion of the 

results which are proven fcasible. While tecimology 
development has been given much cmpha'sis inacadc-
mics and government research institutions, not many of 
the available technologies are known to the privaL.
sector forpossible commercialization. The link between 
the two sectors is weak and, thus, only limited numbers 
of developed technologies are successfully transferred 
to potential users. 

The whole process is of utmost imxrtance fOr 
sweetpotato which is often branded as a "survival" or 
subsistence food and which traditionally h. a low 
status in the food industry. Thcrere, in order to change 
the status of sweelpolato from a subsistence to a corn-
mercial commodity, efforts should be devoted not only 
to development of processing technology to convert raw 
sweetpotato roots into appealing processed products, 
but also to the process of technology transfer. 

Technologies for processing sweetpotato roots into 
non-traditional food products which are competitive 
with fruit-based products have been developed (Truong 
et al. 1990a). Among the fyv fruity-sweetpotato pro
ducts, dried swectpotato with sweet-sour taste (Deli
cious Swcetpotato), sweetpotato catsup, swectpotato 
jam, sweetpotato beverage, and swectpotato leather,technologies for processing the first four products have 

been transferre to the private sector. Large-scae pro
duction of these products would benefit the following
 
target clientele: 

* 	 farmers: for having better markets for their fresh 
sweetpotato and/or participating inan integrated pro
duction-processing-marketing system to increase the 
value added to their produce; 

• food processors: for the advantages that sweetpotato 
is relatively chcp and non-seasonal as compared to 
fruits, and a nutrient-rich raw material: and, 

* 	 consumers: for having low pricedand nutritious pro
ducts. 

This paper presents some experiences in the trans
ferofsweetpotato processing technologies to the private 
sector and analyzes the underlying key factors. 

Food Technologist, Departiment of Agricultural Chemistry and Food Science, Visayas State College of Agriculture (ViSCA), Bayhay, 
Leyte 6521-A, Philippines. 
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Background 

Product Idea Generation 
and Conceptualization 

Several steps were undertaken during the initial phase 
of the project. 

Inventory on Existing 
Sweetpotato Food Products 

Existing sweetpotato food products in the Philippines 
and other countries were documented through informal 
surveys and desk research. 

Traditionally, sweetpotato is consumed fresh after 
boiling, frying, or cooking with other ingredients for 
snack or vegetable dishes. At the commercial scale. 
swectpotato ha.s been processed into various products; 
their tses, the processing teclniques, and existing scales 
of operations are presente2d in Table I. In the Philip-
pines, processed sweetpotato products such as fried 
chips, fried chunks, candies, flour, and native delicacies 
are produced at the household level (Alkuino 1983; 
Alkuino et al. 1986; Truong nroddcl Rosario 1980). 

The inventory points to the need for strengthening 
theswectlx)tato processing indtLStry in the countriy through 
improvement of existing products and processes, adop-
tion of technologic's from other countries, and develop-
ment of new products with good marketability and 
growth potential. While the first two approaches had 
been used in other research, the third was the choice for 
the project under discussion here. 

Examination of the Chemical 
Constituents of Sweetpotato 

Sweetpotato has been recognized for its high nutritive 
value. However, forastarchy comtnoditysuchas sweet-
potato, development of new food products that are 
different from traditional food items which are starch-
based, would require a thorough examination of the 
chemical constituents of sweetpotato. 

A tabulation of reported data from various publish
ed works indicated that the vitamin and mineral content 
in sweetpotwto roots are comparable with various. fruits 
(Table 2). One hundred grams of fresh roots can supply 
25-50% of the Recommended Daily Allowance (RDA) 
of Vitamin C (Anonymous 198t0). The orange-fleshed 
sweetpotato root also contains B-carotene (pro-Vitamin 
A) which is as high as that of carrot and superior to other 

common vegetables and fruits (Bureau and Bushway 

1986; Dignos et al. 19X)). 

The analogy between sweetpotato and fruits, in 

terms of B-carotene, ascorbic acid, and mineral content, 
provided a basis for a hypothesis that sweetpotato can 
be processed into products which are traditionally made 
from fruits. Nevertheless, the high starch content of 
sweetpotato roots would be a problem in the processing. 

Selection of varieties with a low starch content and/or 

application of certain processing treatments could prob
ably solve this problem. 

Observations on the Commercial 
Fruit Products in the Markets 

Various locally processed fruit products are available in 
the market. These are dried mango, dried papaya, dried 
pineapple, and other dried fruits, jam and jelly, canned 
fruits, and fruit juices and drinks in cans, bottles, and 
aluminum foil or tetrapack.. These products have good 
nuirketability and have been available in the market for 
yc:rs. llowcvcr, due to high cost and sea.sonality of 
fresh fruits, these products are expensive and mainly 
targeted for high-income local consuners and export. 

Sweelpolato is ,acheap commodity which is non
seasonal and less prone to the danage c:ue.';cd by adverse 
weather. 11swcctalxtto can be processed into products 
with a tatle and appcarance sinritir to fruit products, the 
production cost would be low enough to tnake it com
petitivc with fruit products. Given this analysis, the 
devclopmcnt of fruity-ufood products from swcct[Xptato 
proceeded ahead. 

Product Development 

Initially, a dried swecetpoltato product with an appearance 
and taste ;irrilar to that of dried fruits was developed. 
Results of the consumuer acceptability tests on the pro
duct were very encouraging (Truong 1989) and sonc 
local entrepreneurs expressed interest in adopting the 
developed technology This finding, then, proved posi
tively the stated hypothesis. Therefore, other fruity
sweetpotato products were then developed. 

Generally, the common activities in product de
velopnicnt-including standardization of product for
mlations and processing technologies and sensory 
evaluation of the products-were undertaken. Formula
tions with high sensory scores were used in the prepam
tion of samples for consumer acceptability tests. The 
comments and suggestions of consumers on the accept
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Table 1. Characteristics of sweetpotato pn)ducts. 

Suitable (x) for 

llome- Intermediate- Large-
Product Use Processing steps scale scale scale 

Fried chips/strips snack food 	 peeling, trimming, slicing, x x x 
blanching (optional), deep 
frying, packaging 

Dried chips/strips food preparations 	 washing, peeling (optional). x x x
 
trimming, slicing, drying,
 
packaging
 

Dried cubes food preparations 	 washing, peeling, trimming, x x x 
cubing, blanching, drying, 
packaging 

Dehydrated flakes breakfast food 	 peeling, trimming, blanching, x x x 
food preparations purxeing, flaking with drum 

dryers, grinding, packaging 
Flour baked products grinding of g(x)d quality x x x 

food preparations chips/strips, s;cving, 
packaging 

Starch 	 food (noodles, baked washing, grinding in lime x x x 
products, food water (pl1 8.6), sieving, 
preparations, etc.) setting. centrifugal dehy
industrial products drating (large scale),
 
(glucose syrup, alcohol, drying
 
medicines, chemicals,
 
textiles, etc.) 

Canned/bottled products food preparations peeling, sorting, trimming, x 
baby food blanching, grinding and 

formulating (for bottled 
products), filling, sealing, 
sterilizing 

Frozen products food preparations peeling, trimming, size re- x 
(chunks, cubes, slices) duction, blanching, freezing 
Fermented products alcoholic drinks hydrolysis of starch by acid x x x 

fuel alcohol 	 or enzymes, yeast fermenta- x x 
tion, distillation 

Specialty products snack food various, depending upon the x x x 
(candies, sembei, food preparation product
"cracker", pies, ice cream 
paste, roasted, etc.) 

Sources: Bouwkamp 1985; Duell 1990; EdmondandAmmerman 1971; Truong atul dl Rosario 1986; Winarno 1982. 
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TFable 2. Nutrient composition of sweetpotato as comptared with various fruits (per 100 g edible). 

Crop 

Sweetpotato 
Yellow (boiled) 
Orange (baked) a 

Apricot i) 

Banana 

Grapcs 

Lemon-Philippines 
(Kalamansi) 

Mango 

Orange b 

Papaya 

Pineapple 

Strawberry 

Tomato 

Total 
C'arbo- Ascorbic 

Moisture hydrate Fiber Ash Ca P 1 e Vii. A acid 
(%) (gin) (gni) (mng) (rng) (mg) (mag) (l.U.) (rag) 

68.1 29.4 0.6 0.9 66 58 0.8 1,025 31 
n.a. 1n.a. n.a. n.a. 45 n.a. 1.0 9,184 25 

85.3 12.8 n.a. n.a. 17 23 0.3 2,7(X) 10 

73.2 24.4 0.6 0.8 23 36 0.9 340 32 

79.2 19.7 1.7 .4 6 24 0.4 n.a. 3 

89.8 8.3 'Tr 0.5 18 12 0.8 00 45 

83.0 15.0 0.4 0.4 8 17 0.5 2,580 45 

86.0 12 " n.a. 41 20 0.4 2(X 50 

86.4 12.2 0.6 0.6 23 10 0.7 425 89 

86.0 13.0 0.4 0.4 19 ) 0.2 15 21 

91.3 7.2 1.6 0.5 34 21 1.2 15 107 

94.1 4.1 0.8 0.6 18 18 0.8 735 29 

Sources: Food awlNutrition Research Institute (l"NRI) 1980; "Anonymous 1980; bSaluikl'e et al. 19 74. 

Tr = "lrace; n.a. = No data available. 

ability and cost of the tested products were incorporated 
into the refinement of product fomIulation. 

Detailed information on fruity-swcetpotato products 
is reported elsewhere (Truong 1989; Truong et d.IX)a). 
The following is a brief description of the features of 
the technologies which have been transferred to the 
private sector. 

Dried Sweetpotato with Sweet-sour Taste 

The product was originally named Delicious Sweet
potato. The processing technique is as simple as that 
involved in preparing dred fruits. Orange-fleshed sweet
potato roots (e.g., VSl'-1 variety) are washed, peeled, 
sliced uniformly at 3 mm thickness, soaked in a 2% meta 
bisulfite solution, and cooked in acid containing syrup. 
The cooked slices are dried in a mechanical drier and 
packed in plastic bags (Truong et al. 1988). 

Consumer acceptability tests of Delicious Sweet
potato revealed that the product is highly acceptable 
with 11% of respondents rating it "like extremely", 60% 
"like very much", and 23.5% "like moderately". Nutri
tionally, the total soluble solids, carbohydrate, protein, 
fat, fiber, and ash contents of the dried sweetpotato 
product were within the value range of dried mango and 
drhd apricot. The dried swct potato contained 13,033 
1.1. of Vitamin A per 100 g ,., is higher than that of1 ti 

the two fruit products. 

Sweetpotato Catsup 

The process was developed following a modification of 
the procedures of tomato and banana catsup processing. 
The roots are washed, trimmed, chopped into chunks, 
and cooked. The cooked chunks are blended with water, 
vinegar, spices, and food colors, and boiled to the de
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sired consistency before bottling. Compared to corn-
mercial products, sweetpotato catsup has similarvalues 
of viscosity, total soluble solids, and pH, as well as 
Vitamin Acontent (intcrmediate between that of tomato 
and banana catsup). In cunstimer acceptability tests, 
swectpotato catsup was rated equai i,., the leading brand 
of banana catsup (Truong et al. 199t,). 

Sweetpotato Jam 

The initial step in the preparation of sweetpotato roots 
was similar to tha: for sweetpotato catsup. The steamed 
chunks are blended with water, sugar, and optionally 
with ripe fruit pulps or juices or artificial flavors. Theslurrv is then cooked until a total soluble so~lids of 
680r ris tine ardntila theaendofuteTook oig of 
rce itric towathe suoy.The otngsobtaidied. 

p r o ce s s , c it r i c aci d is ald d ed to [ l e s l tu r y . The h o t 
sweetpotato jam is poured into clean jars which areallowed to cool with covers in place and scaled, 

Sweelpotato Beverage 

The processing steps involve washing, peeling, Irim-
ming to remove damaged parts, steaming, extracting, 
and formulating with 12% w/v sugar, 0.20% w/v citric 
acid, and 232 mg/ ascorbic acid as a Vitamin C for-
tification (Truong and Fementira 1989). The formulated 
beverage is bottled in 150 ml glass containers and
psteurized at 90-95C. 

The addition to swcctlxtato beve!rage of juice or 
pulp of different fruits, e.g., guava, pineapple, or Philip-
pine lemon, at concentrations of 0.6-2.4% w/v sig-
nificantly improved tho aroma scores of the product. 
Likewise, incorporation f artificial orange flavor also 
enhanced the aroma of swcctpotato beverage, 

Results of the cons,,mer accepta )ility tests indi
cated that over 85% and 96% of the respondents rated 
"like" to both the plain and guava (0.6% w/v)-ftavorcd 
sweetpotato beverage. Likewise, about 73% of the re-
spondents commented that the sweelpoato beverage 
with guava flavor and 54% without guava flavor, was 
better than the commercial fruit juices which they com- 
monly drink. Nutritionally, the swcetpotato beverage 
prepared from the orange-tlIcshlcd roots (e.g., vslp-I 
variety) iscomparable or even superior to various corn-
mercial fruitjuice drinks in terms of Vitamin A, Vitamin 
C, and mineral content (Truong and Fementira 1990). 

In recognition of the originahlty of the processes 
developed for the dried sweetl t to with swcet and sour 
tlaste and the sweetpotato bcvcr:igc, two patent applica-
lions were filed at the Philippine Patent Office, Depart-
menrt of Trade and Industry. The technologies were 

awarded with the Philippine Patent Number 22242 for 
dried sweetpotato (Truong et at. 1988) and 23269 for 
swcetpotato beverage (Truong and Fementira 199). As 
legal documents, the patents protect the institution's 
rights to the developed technologies and serve as "bar
gaining power" with private companies. 

Some Experiences in Transfer 
of the Developed Technologies to 
the Private Sector 

A strategy of technology transfer was framed for theseemergingtechnologies.Therirststepwvasdissemination 
of information to the public through scientific reports,
announcements in newspapers, seminars, and investm r t f r m; f e d i a i u r v n e , o h l i i
metfnn;hlinvrospvncsftePii
pines. Displays ofactual products were made at scienceand technology fairs organized by government and non
government organizations. 

The case experiences (the cited cases are true stories; 
however, the names of the companies are withheld to 
avoid possible complication:) presented below high
light the three modes of technology transfer: (1)direct 
xtension to entrepreneurs and farmers, (2) exclusive 

contracts, and (3) non-exclusive contracts with private
companies. The decision on which would be the mostappropriate mode of technology transfer depended on 

the originality ofthe technology, capability of the poten
tial users, and technology level. The technology level 
was defined by its suitability for village-level opera
lions, small-, medium-, or large-scale, because the tech
noiogy developed for the products aiming for rural 
consumers may not be viable in urban settings, and vice 
versa. 

Direct Extension 
to Farmers/Entrepreneurs 

Through various forms of information dissemination, 
local farmers and food processors have been informed 
about the development of sweetpotato catsup process
ing technology. Training sessions were conducted for 
interested participants. The sweetpotato catsup technol
ogy has been adopted by farmers' organizations, small
scale food processors, and catsup processing companies 
in Leyte, Bicol, and Manila. Products with sweetpotato 
as an ingredient or a brand name of Sweetpotato Catsup 
are presently available in domestic markets. A banana 
catsup company which has a factory with a production 
capacity of 10,000 bott les ofcatsup per day, adopted the 
swcetpotat) catsup technology and made a substantial 
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profit in 1990. For sweetpotato jam, the technology has 
been adopted by a farmers' organization in Bicol and 
integrated with sweetlxmtato catsup processing. 

The cited case can be co sidecd as an exampl of 
the successful t erapsfcrofdtvcloped technologies through
direct extension. The rapid adoption of the technology 

by caisup manufacturers can be attributed to the cost 

effectiveness of the process and product quality. Indeed, 

several advantages ofsweetpxtato over banana in catsup 

making have been recognized. Sweetpotato is cheaper 
than banana: Its supply is less susceptible to adverse 
weather. Due to the favorable chemical properties of 
sweetpotato, addition of a stabilizer, as commonly prac-
ticed in banana catsup making, is not rcquired. Sweet-
potato catsup has a higher Vitamin A content than 
banana catsup (Dignos et al. 1990; Truong etal. i99b). 

Exclusive Contract 

The tchnology developed foe processing dried sweet-
swee optato ithnoly d processntrsfeedst aotato with sweet and sour tastw was trnsferred to a 

group of) businessmen who were establishing a food 
processing company in Tacloban City. The technology 
was recommended for commercialization in an cvalua-
tion conducted by the Research Utilization Group of the 
Southeast Asian Regional Center for Graduate Study 
and Research in Agriculture (SEARCA) (Abejuela et ai. 
1989). 

Inasmuch as the product was new and the company 
was being established, it was mutually agreed that the 
technology would be transferred on an exclusive basis 
for five years and that the company would pay 1.5% of 
gross sales to Visayas State College of Agriculture 
(ViSCA) as royalty. The exclusive terms of the contract 
created criticism because it appeared to be contradictory 
to the mandate of a public institution like ViSCA. 

The product was wrapped with attractive plastic 
packaging material and named Tropical Delights. Ilow-
ever, due to inadequate facilities and lack of experience 
in marketing of food products, the company encount-
ered difficulties in producing a good quality product and 
in market development. A fire destroyed the company's 
processing facilities and the agreement was made void 
by mutual consent of the two parties. Recently, an 
association of sweetpotato growers and processors in 
Jaro, lyte, has adopted the technology for small-scale 
production of Delicious Swectpotato. For the benefits 
of the farmers, the technology was transferred through 
direct extension. Theassociation received financialsup-
port from the Department ofTrade and Industry to begin 
commercialization of the product. 

Non-exclusive Contract 

The problems encountered in the transfer of the Deli
cious Swectpotato technology helped us recognize some
limitations in the technical capability of the technology 
users and the terms of agreement. As a result, transfer
of the patented swcctpotato beverage process to a large 
food and beverage company was done on a non-x
clusive b vasis. 

Initially, the company preferred exclusive rights to 
the technology. However, negotiations fbr mutual agree
mcnt on the non-cxclusivc transfer of swcipoltato bever
age technology look into considcrati'n the "dominant" 
position of the company in the market and ViSCA's 
desire for wider dissemination of the developed tech
nology. 

The conpany becam~e interested in the swetpotato
beverage because of its high Vitamin A content. The 

product fits very well with the company's campaign to 
utilize local raw materials for processing of nutritious,lwpie odpout n ocnrc ml amr 
to-priccd food product and to contract small F crs 
to produce tie r material. Interestingly, the com
pary's objectives nmatch those of ile project. More 
importantly, the project's targeted clientele, root crop
farmers, could also befit from production of the raw 
materials. Adoption of the technology by a large com
pny 
pany would also enable the swetpotato beverage to 
penetrate different markets. 

With common interests in mind, ViSCA agreed in 
principle to transfer the know-how For processing the 
swecpolato beverage to the company for commercial
ization. In return, the company donated equipment to 
Vis:A for research and development (R&D) in food 
processing. ViSCA and the company also agreed to 
undertake a joint project for scaling up the process for 
commercialization. The implementing team was corn

posed of company personnel (a food product development 
specialist, process development engineer, marketing spe
cialist, f.'iit processing plant manager, agricultural ex
tension specildist) and the ViSCA inventor. The company 
provided the budget and its fruit juice factories for pilot 
testing of the beverage. 

Translation of VISCA 
Process to Pilot-scale Operations 

Pilot-scale operation began with the following activities: 

Product refinement and diversification. The sweet
potato beverage was prepared in the company's labo
ratory, following the process developed at ViSCA. The 
formulation was adjusted to meet company standards 
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and the process was modified to make it fit existing 
company facilities. Other beverages using swectpotato 
were also explored. 

Trial runs at company factories. Trial runs were con- 
ducted at the company's factories with he use of the 
commercial sweetpotato purchased from the market and 
vSP-1. Various factors affecting the process operations 
and product quality were identified. Samples of the 
swcetpotato beverage were evaluated for sensory a!. 
tributes and product shelf-life, 

Product costing. Data obtained during the trial runs 
were used in costing the whole process. Production 
costs of tie swcctpotato beverage were analyzed in 
relation to fluctuation; of the local price of sweetpotato 
roots. 

Product testing and mar'ket plan. Beverage samples 
wcre subjected to consumer c'aluation for market anal-
ysis. Several planning activities related to projected 
production, protit estimates, product nauning and position-
ing were carried out. 

Production of raw matei-al. Because VsP- I is a new 
sweet potato variety, the company sought sisisttuce from 
ViSCA regarding the supply A planting materials and 
information on cultural nageoftendling, and grading oft he roots. To ensure regulatrsuplilies
ofing d grading o f reurse panyronaget 'theontract 
of the propaguit to contractedirimers,the company
al 
collaborated with a local agriculturalschool to prop-

agate Vls - I cuttings. l-lowevcr, dfie to the need for 
scheduling the use oft he company factories for sweet-
potato proce-ssing only when there is no fruit processing, 
timing the production of VSP-I roots by contracted 
farmers appears to be problematical. 

No major technical problems emerged in trial runs 
for tie swectpotat( beverage at thle company's facilities. 
Hlowever, launching of the prodtuct in thie market has 
bkcn delayed duC to the unexpectedly inldc(Itale supply 
of VS'- I roots and other managerial matters. 

Key Factors Accelerating
the Transfer of the Generated 
Technologes to End-users 
The potential for commercial use of a developed tech

nology should be incubatcd at the project conceptualiz:i-
tion stage and nurtured along the way to ensure its 
successful transfer and sustain its viability in the coim-
mercialization phlase. Kefford (198,4) stated that a sys-

tems approach to a project from idea to market is the
 
likely way to success.
 

Based on tile experiences cited and the problems
 
encountered in the transfer of sweetpo.ato processing
 
technologies, the three "actors" in the scenario, i.e.,
 
governrnent-rescarcher-private sector, have to perform
 
in concert to bring the fruits of rescarch to the target
 
clientele. The key factor; for accelerating the transferof
 
generated technologies to end-users will, therefore, be
 
discussed in relation to two phatscs (technology genera
tion and iransfor), and the expected role- of the govern
mcnt, rescarcher/rcscarch institution, and privatesector.
 

Technology Generation Phase
 

Essential steps involved in product development are 
well described elsewhere (for exunple, Earle and Ander
son 1985). These include: (I) definition of project goals 
and target clientele; (2) product ida/opportunity iden
titication through idea generatian and screening, product 
concept testing, analysis of potential market demand, 
and profitability; (3) product aid process development; 
(4) consuner acceptability testing; and, (5) final plan
ning of produoction and marketing. 

In 	reality, the prodoct ide/opportunity identifica
bypssed. I most public research labolo sotubpse.I otlulcrsac ao 

ratories, the idea usually emerges from institutional 
thrusts, literature, researcher's perception, etc. Tie researcher then pursues it in the laboratory and pilot plan 
before investigating its market potential. Consequently, 
research results ill not reach the target clientele if 
markct p e ntil will oe se a t ie 

et potential eventually proves negative. 
Alternatively, the product idea can he generated 

through consumer and market research (Truong et al.
19X)c). This may reduce the risk of failure. But, iialso 
may stil the researcher's innovativeness. Researcher's 
observations of existing products and their market
ability, raw material characteristics (physico-clicmica, 
and nutritional), and cost can point ta potential product 

idea iswell. As previously mentioned, the perceived 
analogy between sweetpotato and fruit in terms of Vita
min A, Vitamin C, and mineral content spurred develop
ment of fruity-swcetpotato pmducts. Ilence, an acquired 
understanding of the market and creativity on the pairt 
of tile researcher are two key ictors in determining tile
commercial potential of new products. 

Rigorous evaluation of tile commercial potential of 
a developed technology should be done before it is 
recommended [or transfer to end-users. Abcjuela et al. 
(1989) have developed an evaluation procedure which 

201 



takes into account three criteria: technical feasibility, 
marketability, and profitability. Based on these criteria, 
Delicious Sweetpotato and sweetpotato catsup tech-
nologies were favorably rated for commercial utiliza-
tion. Reduction of the input costs for sweetpotato catsup 
was suggested (Abcjuela 1991). The comments wcre 
useful. Subsequently, raw materials costs for sweet-
potato catsup were reduced 50%. This improved the 
economic attractiveness of the technology and thus 
accelerated its adoption by end-users. Evaluation of the 
commercial potential of a developed teclnology there-
fore should be incorporated in research planning and 
budgets. 

Technology Transfer Phase 

Habito (1991) identi fled various barriers to the commer
cial use of research results. Anong tmcs, inadequate 
information on available new and promising technol-
ogies as well is "imnmurity" of available te !hologies 

Depending on the technology level, pilot testing of 
a developed technology can be carried out in a com
munity-based project or at a pilot plant/fatory of the 
research institution or corporate cooperator. 

Community-based project. Due to location-specific 
factors in community-based projects, it is necessary to 
evaluate the technology's adaptability ond socio-econ
omic parameters, a; well as to integrate production, 
processing, and marketing. Truong (1991) pointed out 
that if pilot projecls were not set up in villages, valuable 
les.ons in the transfer of cassava flour processing tech
nology would not be learned. 

The following key factors in setting-up community
based projects for pilot testing of village-level tech
nologies have been identified: 

rFarmerorgaization.Farner associations and coop
eantivs are existing in many villages. Orientation 
and strengthening ot tie cooperatives toward newbe 	iretare onsderd imto edi ent to he ~roessventures (i.e., processing and marketing) are needed.are considered to be direc' inipedircnt," io the process 

of technology tranfer. 

Information "lssemination 

More efforts should be geared toward disseminating the 
information on promising technologies to awider, more 
popular audience, i.e., the potential end-users, to com-
plement the extensive, technical literature inthe form of' 
reports produced in universities and gox ernment re-
search institutions. Government can play an important 
role in this aspect by linking potential investors with the 
generators of technology through provision of appro-
priatF oppintnitics for interaction bet.veen the two. 

"ch .ologies for fruity-sweetpotato products were 
widely disseminated through the various investment 
forums organized by the Department of Trade and In-
dustry, and the national/regional science and technology 
fairs. These helped create an awareness for farmers, 
food processors, and companies of new products made 
from sweetpotato and, thus, accelerate the adoption of 
the developed technologies, 

Pilot Testing 

A pilot project aims to generate infornmation needed to 
confirm the "maturity" of the developed technology in 
terms of technical and economic feasibility for conimer-
cial production. This step is otten not pcrformed and the 
generated technology is sometimes publicized prema-
turely. 

o 	Financial support. Despite the existing credit schemes 
from government and private financiers, the lack of 
capital is usually the constraint which keeps farmers 
from engaging in agricultural production and pro
cessing. Furthermore, the release of approved loans 
is usually delayed. 

o 	Entrepreneurship det'elolment. Small farmers usu
ally have little experiencv in operating a processing 
unit and marketing processed products. Training needs 
have to be assessed to develop skills in management, 
accounting, processing techniques, qu:ality control, 
and markcting. This process may hc costly and take 
tinc. Nevertheless, it is the only way to help small, 

start-up enterprises survive in the btt'iness environ
ment. 

Material inputs. Purchase of packaging materials 
requires a substantial capital investment. This is usu
ally a major constraint at the start of the operation. 
Without attractive packaging materials, the product 
may not be able to compete effectivcly with other 
products in the marketplace. The cost of equipment 
is another liniting factor. 

Market de'elolment. Produt name and package 
design can increase marketability, specially in con
sumer goods. Howcvcr, no matter how good the 
product is, its promotion through published adver
tisements, television, radio, lcallets, etc., is essential 
to catch the attention of consumers. Guerrero (1984) 
reported ihat a lack of funds for pronoting products 
through the mass media was one of the major con
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stmints ofa pilot project for commercialization ofan 
extruded, high protein supplementary food. Farmer 
organizations and small-scale processors cannot af-
ford to conduct promotional campaigns for the dis-
tribution of their products. This is an area which 
.Leeds strong support from local government, even 
during the commercialization phase. 

Commitment oftirepartiesinvolve. Commitment of 
all parties involved, e.g., cooperators, researchers, 
irstiutions, and government/non-government organi-
zations, should be institutionalized to ensure the con-
tinuation of the pilot project until the research results 
are convened into commercially successful products. 
A strong commitment by farncs to sustain the opcr-
ations beyond the pilot phase not only depends on th(le 
potential profit of the venture, but also on ,whether 
the researcher can Prove to farmics that their invol-
vement in the undertaking is really for their long-
term benefit, rather than as aimnam: for the researcher 
to gain credit. Likewise, financial support iroin the 
government should be extended until results of the 
pilot testing are obtained. "Sced money" and/or "fa-
cilities-for-rcnt" should be provided at the initial 
phase ofcommercialization. Commitment by research-
ers/institutions for technical assistance to the coop
erators should al.,0 be sustained, even beyond fhe 
pilot phLse. 

Pilot project at company's lictory/pilot plant. For 
techte' )gy which has; industrial potential, government 
research institutions may not have the facilities required 
to undertake complete pilot testing. Collaboration with 
private companies interested in tie tchnology can ac-
celerate the commercializition of the research results. 
The following factors need to be considered when de-
ciding on coll borators. 

* 	Capabilityoftheconmpany. This determines the pace 
of commercialization. Difficulties encountered by 
the company which adopted the Delicious Sweet-
potato technology illustrate this point. For start-up 
companies, commitment, entrepreneurship develop-
ment, material inputs, and market development stra-
tegies are essential fait.ors required for successful 
commercialization. For c,)mpanics with established processing and rnarketingcapabilitics and tested pro-
ducts belonging to the same category the newlyas 
developed products, the pilot project can mnove di-
rectly into the comrnercialization phllmov 

* 	Partnershipsbetween p,ivate conpaniesandlpublic 
research institutions. Such partnerships should be 
promoted for mutual benefit. The company may be 
updated with new technological developments. The 

institution may get feedback about the adopted tech
nology that would he useful for refining the direction 
of its R&D programs. Usually, conflicts of interest 
between entr,.peneur and researcher do not encourage 
this type of partnership. The businessm, counts on 
privatc, profits from the investment, while the re
searcher is oriented toward professional advance
ment in terms of scientific publications which may 
benefit the gcral public. 

Private come inies making profits from the research 
results of public laboratories should be willing to 
contribute (incvash or in kind) to the institutions 
generating the tchnology for partially supporting 
the 1w) activities. This is a part of their social 
tespon ivit. 
rcsJXrsibility" 
Sqply of raiv materials. When the market for the 
product is establishcd, there is a corresponding in
crease in the demand for the raw material needed in 
the processirg. This necessitates a good production 
plan to ensure an adequate and regular supply, par
ticuiarly in the case of new varieties not widely 
grown in the locality. This is tie experience with the 
sweetpotato beverage previously cited. 

Raw nmaterals can be supplied either by contract 
growers or from the private company's plantation. 
The former scheme is more complicated, but it is 
often prcj'irred by the rese.cher and the public in
stitution because it benefits small farmers if the price 
is 	 right Production of swetpotato catsup at the 
commercial scale as mentioned in the previous sec
tion is a good example of this scheme. Again, the 
commitment between growers and the processing 
group should be mutually complied with. 

Conclusion 

cited illustrate the smooth 
ts e e en exapes i 
transfer of the technologies developed for sweetpotato 
catsup,jam, beverage, and Delicious Sweetpotato to theprivate sector. Sweetpotato catsup has been commer
cialized at both a small- and large-scale. The other 
products are still at the pilot stage. Regardless of how 
much effort is put into bringing research results toend-users, a reasonable lag time prior to commercializa
tion must be expected. This is particularly true for 
sweetpotato, because tactful marketing strategies are 
needed to gain acceptance of ihe products by con
suiers, and thus, accelerate their market penetration. 
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Product Development at the Local Level:
 
Mayon Brand Sweetpotato Catsup and Jam
 

Henry C.Samnar, Sr.1 

Abstrac 

A number ofsweetpotuto processed products are currently being produced in the Bicol region by a local 
self-help organization. This paper briefly reviews the history of product development for swectpotato in 
the Bicol area. Favorable circumstances and key constraints for sweelpotato product development in Bizol 
arc noted before cincluding with a short list of recommendations for extending such work in the future. 

Key words: Philippines, processed products, farmers, researchers. 

Introduction 
Sweetpo~ato catsup and jam are presently manufactured 
by the BIADS Foundation, Incorporated. The machines 
used to manufacture the products were procured through 
a grant from the Australian Direct Action Progran, 
(ADAP) of the Australian Embassy in Manila. Present 
production output isonly 50% of the plant's capacity of 
16,128 320-gram bottles per month of finished product. 
The same machines can be used for the manufacture of 
sweetpotatojam and can pasteurize the root-soy sauce. 
However, due to a lack of working copital, these two 
food items are not produced on acommer.ial scale yet. 
The catsup now is in the market, but swcetpotato jam is 
produced insmallquantities on ano!, 'itd-offbasis. The 
BIADS immediate market i., or-outlet small farmer 
ganizations. The product is distributed to members with 
a certain co~nmission given by BIADS for sales. Other 
market outlets are tl- cooperatives, the City Public 
Market at Legazpi, and the public market at Daraga, 
Albay. Profits are being distributed proportionately to 
the direct and secondary beneficiaries through a profit
sharing scheme. BIADS members used their shares for 
building capital. Each member has an individual bank 
savings account for this purpose. 

Sweetpotato jam and sweetpotato soy sauce will be 
produced on a commercial scale at the soonest possible 

time. 13lADS ispresently waiting for a delivery van and 
the provision of subst-intial working capital. The market 
demand for swectpotato catsup is gradually increasing 
bccai.se it is popular and commonly used by farm 
children. Some customers use it as a sandwich filling 
and on cooked swcetpotato. Most of the farm children 
in the farlhest Barangays in Lcgazpi City and Albay 
Province use swcctpotato catsup as a substitute fbr fish 
and meat because their parents cannot afford the high 
price of fish and meat in the market. 

Oneselling point forsweetpotato catsupis its nutri
tive value and the presence of Vitamin A. Albay is now 
the most depressed area, second to it is Camarines 
Norte. Malnutrition is more prevident in the cities of 
Lcgazpi and Aibay than in other areas of the Bicol 
region. LIADS Foundation believes that development of 
sweetpotato in the Bicol region is one way to contribute 
to the alleviation of poverty thiough the utilization of 
swectpotato as a food extender. 

Because the tuber production of VSP varieties is 
always higher than that of traditional varieties, the BIADS 
Foundation singled them out as the only varieties that 
should be propagated in the Bicol region. The most 
serious problems that our members are encountering are 
the following: 

President, BIADS Foundation, Inc., Pag-asa, Legazpi City, Philippines. 
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" 	lack of working capital to set-up processing centers 
in every province of the Bicol region; 

* 	no storage facilities to store sweetpotatoes so that 
there will be acontinuous daily supply of fresh tubers 
to the processing plants; 

" 	technicians with the Department ofAgriculture in the 
region are not helping the farmers to propagate root 
crops, specifically swectpotato; and, 

" 	there is always a good market even for the fresh 
tubers, but sweetpolato developers like the BIADS 
Foundation do not have the capital to buy a delivery 
truck. 

Project H-fistory 

The following is a personal history of how VSr sweet-
potato varieties became so popular in the Bicol region
and how sweetpotato catsup and jam came to be iden-
tified as food items with commercial potential in the area. 

On Oczober 27-29, 1986, I first visited the VisayLs 
State College of Agriculture (ViSCA) with 39 farmers 
who cultivated small areas of marginal land in the Bicol 
region. We attended a special training session on root 
crop production, processing, and utilization. The ses-
sion was sponsored by the Department of Agriculture, 
Region V,the Philippine Root Crop Research and Train-
ing Center (PRCRTC), and the Philippine Training Cen-
ter for Rural Development in ViSCA. From November 
1-7, my special training on root crop processing and 
utilization was extended with sponsorship from the 
Agricultural Training Institute (All) through the efforts 
of Federico Flores and Truong Van Den of ViSCA. From 
September 27 to October 2, 1987, I came to ViSCA for 
the second time with a group of leading farmers and 
entrepreneurs from the Bicol region for special training 
on sweetpotato technology under thesponsorship of the 
Department of Trade and Industry. On October 12-26, 
1987, 1came again for a short course on Root Soy Sauce 
Production and Feed Formulation with three leaders 
from our farmers' orgaiization; this course was under the 
sponsorship of the Department of Agriculture, Region V. 

Through this special training extended to me by the 
PRCRTC and ViSCA, I came to know that sweetpotato 
can be an important industry in the country, particularly 
in the typhoon-prone Bicol region; provided, however, 
that processing, marketing, and utilization isgiven more 
emphasis and intensive attention by sweetpotato devel-
opers. 

The BIADS Foundation has succeeded in its pro
gram for the development of swectpotato in the Bicol 
region primarily because of continued support through
monitoring activities by the PRCRTC and ViSCA. Some 
of its resca. chcrs have conducted field visits to our area. 
These have been coupled with the active participation 

of the Department of Trade and Industry in extending 
substantial funding support to the extension of technol
ogy transfer, seminarm, and skills training on sweet
potato production and processing, utilizing the services 
of(he author, as trainer/resource person. Inaddition, this 
has been complemented by the IBIADS Foundation's 
total determination to bring into reality its vision that in 
five years time, sweetpotato can be identified as one of 
the important industries in the Bicol region. We want it 
to be primarily a food product that can contribute in the 
accelertion of upliffing the living standard of its farmer
members and alleviating the poverty which is presentlysffeedbeig y te majority of Bicolanos.
being suffered by th 

There are some circumstances that can encourage 
farmers to upgrade the production ofswcctpotato so that 
there will be a steady supply of swectpotato raw ma
terials to the catsup manufacturing plant. Among these 
are the presence of the most famous, worldwide known, 
beautiful and perfect cone-shaped Mayon volcano which 
has contributed to the steady soil fertility in Albay, and 
the occurrence of moderate rains, even during summer. 
There isalso the Tiwi Geothermal Plant which generates 
electricity not only for the Bicol area, but to some parts 
of Luzon; and land and sea transportation are very
accessible in the region, particularly in Albay. However, 
some constraints which hinder the development of sweet
potato include the following: 

lack of concern for extending financial support and 
technology oil swectpotato processing, utilization, 
and marketing to the farmers; 

9 utcertainty of marketing outlets and nondevelop
nent of proce' ,ing centers and utilization schemes, 
which results in indetermination by farmers to ven
ture into producing more sweetpotato to provide a 
steady supply of raw materials to the processing 
plant; 

e 	except f.tr the low-income group who buy sweet
potato catsup and other products, the middle-income 
group, especially those that are in the upper bracket, 
are criticizing sweetpotato products, particularly the 
catsup, because of its sweetpotato-aroma. According 
to them, it is of poor quality because it is made from 
sweetpotato; 
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" 	awarenessandcreationofgreatermarketdemandare 
not properly developed because of lack of informa-
tion dissemination on the nutritive value of sweet-
potato products; 

" some of the customer%, especially the upper-class 
group, prefer to buy multi-national products. 
results in a very slow increase of manufacturing 
output by entrepreneurs and food processors; and, 

" 	some of the custoners are alshamed of buying sweet-
potato products because of their belief that sweet-
potato is a poor man's food. 

Conclusion 

Based on this experience, recommendations to develop 
sweetpotato ,roccssing in the future are ,asfollows, 

1. 	 Formulate aplan of action and adopt strategies for 
sustainability in implementing policies foraddress
ing constraints. 

2. 	 Establish linkages and close coordination between 
government agencies and non-governmental or
ganizations that are involved in the development of 
sweetpotato.
 

3. 	 Formulate short- and long-term plans/policies for 
an effective and systematic approach to dissemi
nating information on the importance of sweet
potato. 

4. 	 Establish a sweetpotato advertisement or commer
cial in the programing, coordination, ard imple
mentation of programs relative to the development 
of the swecetpotato industry. 
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Sweetpotato Processing in the People's Republic
 
of China with Emphasis on Starch and Noodles
 

Siert G. Wiersemal 

Abstract 

Annual sweetpotato production in China is about 100 million t.Although utilization patterns vary across 
provinces, about 45%ofnat ional production is processed into a wide range of foodnd industrial products. 
Sweetpotato utilization for animal feed is of increazsing importance, while use ofResh roots for human 
consumption is dccreasing. Starch and noodlcs are mainly processed at the village level using a range of 
methods and equipment resulting in varying product quality. The use of residucs for pig feed is an 
important component of village-level processing. 'There is con.siderable interest in upgrading traditional 
processing methods through the use of small-scale equipment. Further technical and socio-cconomic 
analysis of current processing systems is needed ats at basis for improving village-level processing. 

Key words: noodles, starch, processed products, equipment, research. 

Introduction 

Sweetpotato (Ipotnoea batatas)wts introduced in China 
approximately 400 years ago. Since then, the crop hLs 
spread to most provinces. Presently, China has the 

largest sweetpotato production in the world. In recent 
years, area planted hits varied greatly with a peak of9.6 

million ha in1963. Thispeak occurred justaftcr several 
years of severe food shortages. With the expansion of 
rice, wheat, and corn, area planted with sweetpotato 
gradually decreased to 6.1 million iain 1986. National 
average yields in 1986 were 10.2 I/Ia and total sweet
potato production was about 100 million t per year. The 
main sweetx)tpato growing provinces are Sichuan, Slia-
dong, Hlenan, Anhui, and Guangdong(Table I .Avcrgc 
yields in these provinces rnge from 11-24 t/h:i. 

Swcctpotatoes are mainly grown on marginal soils 
and a further decrese in growing arca is not expected. 
Since 1986, total production has increased slightly, mainly 
as a result ofincreases in yield per ia. Sweetpotao plays 
a significant role in food security for tfhe rural population, 

Utilization of 
Sweetpotato in China 

iAlthough exaict figures on utilization of swctpotato are 
dfiutt ban ti siae ht1%o oasweetpotato production is used as fresh roots for human 

p p
food products, 301fas raw nmatcrial for industrial pro

cessing, 28% as animal feed, and 12% ats planting 
material. The data in Table 2 present the variation that 
exists in the utilization pattern of swcctpotato across 
provinces.
 

Major changes in swctpotlato utiliz tion have oc
curred, as indicated by data from Sichuan Province 
(Table 3). Compared to the 1970s, the figures for the 
1980s show a drastic increase in utilization for animal 
feed, particularly pig feed, and a decrease in the use for 
hunman food. Fresh roots and fresh or dried vines, as well 
as iesidues from starch processing, are all important 
sources of pig feed. 

Processing sweetpotato into starch and noodles is 
particularly important at village and household levels. 

International Consultani, University of Wageningen, Department of Crop Science, Acacialaan 36, 6721 CP lBennekom, The 
Netherlands. 
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Table 1. Sweetpotato production and yield in China, 1986. 

Plantei! area Yield Total output 
Province (000 ha) (t/ha) (000 1) 

Sichuan 
Shangdong 

1,230 
818 

15.5 
24.5 

19,100 
20,015 

Henan 
Anhui 
Guangdong 

783 
658 
580 

11.4 
21.0 
12.0 

8,910 
13,860 
6,930 

Hebei 
Jiangsu 
Hunan 
Guangxi 
Fujian 

352 
275 
265 
237 
217 

16.0 
24.2 
13.4 
4.9 

15.3 

5,625 
6,650 
3,350 
1,170 
3,305 

Total 6,175 16.2 100,165 

Source: National Year Book 

Table 2. Sweetpotato utilization (%) in selected provinces of China, 1988. 

Fresh root Animal 
Province Consumption Feed Processing Others 

Sichuan 20 65 10.0 5.0 
Ilenan 15 15 6(0.0 10.0 

Shandong 10 24 51.0 15.0 
Anhui 10 20 49.5 20.5 
Hebei 10 30 55.6 4.4 
lunan 30 50 10.0 10.0 

Jiangsu 10 30 58.1 1.9 

Average 14.2 28.2 47.4 10.2 

Source: Survey results from Tang Zongfu et al. (unpublished). 

Table 3. Sweetpotato utilization (%) In Sichuan province, 1970s versus 1980s. 
Use 1970s 1980s 

Fresh root consumption 60 20 
Animal feed 30 65 
Processing 5 10 
Planting material 5 5 

Source: Survey results from Tang Zongfu et al.(unpublished). 
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Industrial processing ofsweetpotato into products such average figures for Sichuan Province show that only 
as citric acid, calcium citrate, monosodiumn glutamate, 10%of thesweetpotato production isprocessed (mainly 
organic solvents (butanol, alcohol), and glucose syrup into starch and noodles), in some areas more than 50% 
is of decreasing importance due to small profit margins, of the annual production is processed. Swectpotatoes 
In recent years, many swectpotato processing factories are harvested in October and November. Starch pro
have stopped production or have modified ihcii process- cessing is mainly carried out in Novcmbcr and Deccm
ing facilities to facilitate the use of other raw materials, ber, while noodle processing may continue until April.
particularly corn. Various levels of specializati,. related to the or

ganization of processing activities can be observed in 

Supply of Raw rural processing. Some families take their washed and 

Material for Processing cut roots to other more resourceful families for grinding 
the roots by machiie. The pulp is taken home for starch 

Due to different climaic conditions, two distinct sys- processing. In other cases, families neither grind nor 

tems forsupplying fresh sweetpotato roots to processing process their sweetpotatocs themselves, but take tihe 

units can be distinguished. In one system, swectpotato roots toa famer/entrepreneur for processing into starch 

roots are processed soon after harvest, due to poor and noodles. The entrepreneur then returns the pro

storability of fresh roots. In the other system, fresh roots cessed noodles to his clients. The payment for this 
service is in the form of noodles that are withheld bv theare first transformed into dried chips (slices). The chips 

are then stored for year round processing. entrepreneur. This payment may be as high as 50% of 
the total amount of noodles produced for a client. 

In areas such as Anhui and Shandong Provinces 
where climatic conditions allow field drying of sweet
potato chips, the roots arc sliced by hand after harvest- Starch Processing Methods 
ing and left to dry in the field for periods of up to ten 
days. The dried chips have a moisture content ..f 12- The mctlhods applied for starch processing are the natural 
14% and can be storcd at ambient tenperatures for iong precipitation method and the "sour liquid method." 
periods with little loss. The ratio of fresh roots to dried Processing steps applied in the "natural precipitation
chips is about 2.5:1. The dried chips are usually stored method" are as follows: 

in bags in the open air. Large quantities of bags are 
stored at processing factories to prmiit continuous pro- Wash (fresh roots) - grind -- sieve -- prc
cessing throughout the year. Due to low transport costs 
for dried chips, raw material is obtained from large cipitate in water (5-1( hrs) -" remove water and add 
distances. Therefore, most processing factories inAnhui fresh water -- stir - precipitate (5-10 hrs) - remove 
and Shandong provinces have a large proccssing capacity. water -- remove starch - dry the wet starch =t, dry 

starch. 
Incont,.st, in areas such itsSichuan Province where 

climatic conditions do not allow field drying of sweet- Washing of the roots is usually done manually. A 
potato chips, fresh roots arc processed into starch within variety of different grinders are used for grinding. For 
two monts after harvest. The starch can be stored for sieving, an 80-mesh screen is used. Insmall processing 
some time and is subsequcntly processed into noodles, units, sieving is done by hand, while in larger units 
alcohol, and other products. Since fresh roots cannot be sieving iscarried out mechanically. For precipitation of 
transported over long distances, processing units in starch, round wooden barrels arc used by small process-
Sichuan Province are generally small. ing units. Large processing units often use long water 

troughs (approximatcly 35 m each) to allow starch to 
settle. Small processing units sun-dry the starch, while 

Processing of Starch in larger units the starch iscentrifuged and artificially 

and Noodies in Sichuan dried. 

Sichuan Province with a population of approximately The natural precipitation method is clearly a low
100 million is one of the poorest provinces in China. Of cost method and is labor intensive. The recovery rate is 
the provinces, it has the largest annual production of low (50-70%) and the starch is often of poor quality due 
sweetpotato. The annual cultivation area is about 1.2 to its impurity and grayish color. Typical yields of 
million ha with an output of 20 million t. Although sun-dried starch, following this method, are 12-18%, 
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depending on cultivar and on the skill of individual 
families. 

The "sour liquid" method gives better recovery 
rates and starch quality. Typical yields of sun-dried 
starch are 17-20% following this method. Processing 
procedures are as follows: 

Wash (fresh roots) -- grind - put slurry in wooden 
barrels -* add "sour liquid" (Streptococcuslactis)and 
water - stir for 10-20 min - remove floating material

filtr troug 80meshfilers-~ variations in noodle piocessing methods exist.ad wter nd ourMany 
- f reipitaroughflte r-r e water and ar 

liquid- (12hrs) -water 
fresh water - stir and filter through 80-mesh filter "--
add fresh water to the wet starch --->precipitate (3-4 hrs) 

wet starch -, dry the wet starch = dry starch. 

The sour liquid method is carried out manually 

except for the grinding. The method is rather compli-

cated and only a few families/processing units have 

masterel it.Further analysis of this method is needed. 


Residues from Starch Processing 

Residues from starch processing are used for pig feed. 

Typically, the yield of sun-dried residues from starch 

processing is about 35%. The nutritional value of the 

residues forpig feed isan important aspectoftheoverall 

system of starch processing. Incrbysing the efficiency 

of starch extraction by using more effective processing 

equipment will reduce the value of pig feed. Anwcon-

omic analysis needs to be carried out to determine which 

parts of the processing system, including utilization of 

residues and waste, might be improved. 


Starch processing is a potential threat to the en-
vironment due to the disposal of waste water. For wash
ing roots, sieving, and precipitating starch, about 5 m 3 

of water are needed per ton of swectpotato. This water 
is disposed of in an untreated form. Tecliniques to treat 
waste water are available, but their economic applica-tio i vllae-evl 
pocssngneeds to be analyzed.
tion in village-level processing nby 

Noodle Processing Methods 

Processing starch into noodles is carried out by in-
dividual families as well as by rural entrepreneurs. 
Processing by individual families is almost entirely 
done manually while small entrepreneurs apply semi-
mechanized methods. Noodle processing at the house-
hold level is labor intensive with a processing capacity 
of 250 kg of noodles per day with five or six laborers. 

The process of noodle making at the household 
level is as follows: 

Starch --* add cold water while stirring --mslurry 
add boiling water and stir -- add more starch and 

hot water anu trusio" sr nd 
hot water-- slurry - manual "extrusion" - noodles 
pass through boiling water -o rinse in cold water -
dry on bamboo-matted door (1-2 hrs) - sun-dry nood
les (8 hrs) >dry noodles. 

Some families start with pea starch and add boiling
to gelatinize the starch before sweetpotato starch 

is added. Other families mix swectpotato starch with 
corn starch. Considerable skill and experience is needed 
to produce noodles following manual methods. The
"extruder" used in the process is basically a pan with 
holes in the bottom. The slurry or dough is pounded by 
hand to force it thro;ugh the extruder. The thickness of 
the noodles is determined by the size of the holes in the 
extruder and the distance of the extruder to the surface 
level of the boiling water. 

Noodles made following traditional methods are 
generally of acceptable quality for the local market, 
except, perhaps, for the color which is often too dark. 
The market pays a higher price (about 10%) for light
colored noodles. Dark colored noodles result from im
purity of the starch and are caused by enzymatic 
reactions. Peeling roots would reduce enzymatic reac
tioias and is likely to result in lighter noodles. Allso, the 
use of sulphite would improve noodle color due to its 
neutralizing effect on enzyme activity. Noodles made 
from starch that is produced following the sour liquid 
method are generally of lighter color and are, therefore, 

of better quality. 

Various degrees of mechanization innoodle pro
cessing can be observed at the village level. In some 
cases, pounding by hand to force the dough through the
holes of the pan has been replaced by a motor-driven 
ho of thle pan a d ator-die"pouinder." Also, the mixing of starch and water isdone 

using a mechanical mixer rather than manually. 
Small extrusion machines with a capacity of up to 500 
kg of noodles per day have been developed by the local 
machinery industry. To process noodles, the extruder is 
filled with a slurry of sweetpotato starch. The extruder 
is heated electrically and the starch is gelatinized in the 
machine. When the gelatinized mash ik€pressed through 
the extruder, the noodles are foried. The noodles are 
immediately cooled and partly dried by means of an 
electric fan. The quality of noodles obtained from these 
extrude s, particularly the texture, is considered to be 
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poor by the local market. In fact, some families in 
Sichuan Province with a longtradition of manual noodle 
processing have abandoned the use ofextruding machines 
and returned to the manual process. More research is 
needed on the particular properties of sweetpotato starch 
related to extrusion techniques. This will allow the 
development of improved designs for extrusion equip-
ment. 

Conclusion 
Sweetpotatoes are processed into a variety of products 
at both village and industrial levels in China. Industrial 
sweetpotato processing isofdecreasing importance due 
to small profit margins. Starch and noodles are mainly 
produced at household and village levels and are an 
important source of income for rural families. The use 
of residues from starch processing for pig feed is animportant component of the processing system. 

A range of different equipment is cmploycd for 
processing sweetpotato into starch and noodles result-
ing in varying product quality. There is considerable 
interest in upgrading traditional processing methods 

through the use of small-scale equipment with low 
power consumption. A detailed technical and socio
economic analysis of current processing methods is 
required before specific changes leading to overall up
grading of the current system can be recommended. In 
such an analysis, particular attention needs to be paid to 
the econonic valuc of residues for pig feed. Economic 
methods of treating waste water at the village level also 
need to be developed. 
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Aspects of Sweetpotato Processing in Sichuan
 
Province, People's Republic of China
 

W. H. Timmins,A. D. Marter,A. Westby, andJ. E. Rickard1 

Abstract 

In the rural sector of Sichuan Province sweetpotato processing is principally directed toward theextraction ofstarch, and the subsequent manufacture of transparent noodles for human consumption. This 
paper describes the basic processes employed and, in particular, gives an account of an unusual traditional 
process known locally as the sour-liquid method. Preliminary work carried out by the Natural ResourcesInstitute (NRI)on the characteristics of tilestarch and the microbiology of the fermentation operation usedto prepare tile sour-liquid are reported. The paper concludes with general observations on future research
needs for sweetpotato processing in China. A brief appendix describes the sour-liquid method. 

Key words: China, sweetpotato, processing, research, noodles, starch. 

Introduction 

Sichuan Province produces about 19 million t ofsweet-
potato a year, which is roughly equivalent to the corn-
bined outputs of all non-Chinese producers of the crop
in developing countries. The bulk of sweetpotato pro-
duction in Sichuan is located within the Red Batsin 
region. Production has expanded in recent decades, 
partly through expansion in area and more recently 
through higher yields, but there is considerable scope
for future growth, primarily through improved yields. 
At present the yields vary between 10.3-20.5 t/ha, and 
average around 16.3 t/la. 

In recent decades the pattern of utilization and 
piocessing of sweetpotato in Sichuan Province have 
undergone significant changes (Table 1). The recent 
dramatic decline in direct food use of fresh roots is a 
common theme for China as a whole, partly as an 
outcome of growing incomes and the improved .vail-
ability of preferred staples such as rice and wheat. The
growth in importance of use for animal feed and the 
relatively modest role of processing are however in 
contrast to patterns in most other major swcetptato 

producing regions where processing is far more impor
tant (Table 1). 

The pattern in Sichuan partly reflects the growth in 
importance of livestock products-especially pork
generated by rising incomes and with a corresponding
growth in livestock feed lequirements. In contrast, cli
matic factors, particularly the difficulty of producing
dry chips for subsequent processing in large-scale cen
tralized plants, appear to act as a major copstraint to 
processing. Almost 60% of processing is reported as 
household- or village-level starch extraction, principal
ly for the production of noodles (Tang 1989), while an 
additional 20% is for Chinese wine. A number of large
scale plants exist for the production of starch and other
items, but these only account for a little over 20% ofthetotal amount processed. 

Processing 

Economic Context 

There appears to be little recent socio-economic re
search within Sichuan in the sweetpotato sector. As a 
consequence, the material for tis section is based upon 

Natural Resources Institute, (NRI), Central Avenue, Chatham Maritime, Kent ME4 4TB, United Kingdom. 
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Table 1. Production and utilization oftsweetpotato in major producing provinces in China.a 

Utilization (%) 

Province Productionb Food Feed 

Shandong 

Sichuan 
Anhui 
Henan 

Jiangsud 
Hebei 
Hunan 


Rest of China 

All Chinae 

Historical use in Sichuan: 
1930s 

1970s 

1980s 

20.0 10 24 
19.1 20 65 
13.9 10 20 
8.9 15 15 
6.6 10 30 
5.6 10 30 
3.6 30 50 

31.0 n.a. n.a. 

108.7 14 34 

80 10 
60 30 
20 65 

Processc Other 

51 
10 
50 
60 
58 
56 
10 

15 
5 

20 
10 
10 
4 
10 

n.a. n.a. 

40 11 

-J 
5 
10 

10 
5 
5 

Source: Adapted from Tang et al. 1990, Bach 1937, and Tang 1989. 
aUnless otherwise indicated, data refers to iate 1980s.
 
bMillion tons per year.
 
cProcessed products include food items.
 
dData for Jiangsu are incorrect in the original source, allowance has been made for the error in calculating the all 

China average. 
epercentage breakdown refers to named Provinces only, based on provincial percentages weighted by production. 

fMarginal levels of processing may be included under food use. 

n.a. = Data not availdble. 

a limited range of sources and the conclusions are 
somewhat speculative. Major information source" include 

a limited number of field interviews within the Rd Basin 
region as part of a one-month visit to Sichuan in 1990. 

Small-scale processing in Sichuan is primarily a 
houschold-based enterprise, altlho ugh some larger coop
erative village-based factories exist. At the household 
level, processing has an extensive history, but commer-
cial production on a significant scale appears to be a 
relatively recent phenomenon. Specific lucalities have 
developed within Sichuan as concentrated areas of com-
mercial processing partly as a consequence of historical 
tradition and also of access to transport infrastructure, 
A much larger number of households produce starch 
essentially to provide for their subsistence needs, and 
some of these also make noodles for their own use. 
Commercial production is geared principally to the sale 
Of noodles in urban areas, with only small volumes of 
starch traded. This feature may be partly explained by 
the difficulty of producing noodles in the home. 

Field observation and interviews indicated that only 
a small number of households process swectpotato com
mercially on a significant scale. Limiting factors appeared 
to be access to (household) labor, available financing, 
knowledge of the process, access to water, and access 
to transport infrastructure. 

Households interviewed indicated a required labot 
force of 6-8 adults to successfully undertake commer
cial production. All households actually processing had 
four or more adults, and labor hire or collaboration 
between households appeared relatively uncommon. 
Traditionally, processing is carried out by the men of the 
houschold. 

Financial requirements for establishing processing 
appear quite significant; fPr example, a powered rasper 
costs in the region of Y 1,000 and a powered noodle 
extruder Y 2,000 (Approx.: Y 5.2 = US$ 1.0). These 
figures may be compared with average per capita in
come uf Y 500 in the areas visited and with costs of 
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agricultural equipment, e.g., plows, at Y 34. Field ob-
servation indicated that processing households were 
among the most wealthy in local communities. 

Knowledge of the process alppears to be a nces-


sary, but not sufficient condition for processing (con-

straints of labor or finance, in particular, may prevent 

uptake). Access to water (i~otably for the starch extrac-

tion stage) was generally not a problem in ihose areas 

visited, although pioblems may arise especially in up-

land areas of the Red Basin. Access to transport may be 

of considerable importance. Historically, access to river 

transport was fundamctal (Buch 1937), while in recent 


are still imposed by the relativelydecades constraints 
limited development of the feeder road network and 

hilly topography of much of the Red Basin. 

Storage 


Perishability of frcsh sweetpotato is of fundamental 

significance to its subsequent utilization and process-


.
ing. InSichuan, ambient tempciturcs are such Itial


storage periods of tp to seven months were reported as 

feasible. With well consiructed stores and chemical 


treatrr nt, losses over this period were said to be as 

much s 1017, although this may well refer only to 

quantitative losses, 


Notably an abundance of' fruit flies (Di-)o)l~ilia 
spp.) was observed in and around stores which suggests 
tile presence of soft rot (Rliizolsstolinifer) in the riots 
(Moyer 1982). 

Although root storage in Sichuan may be less pro-
blematic than in some other regions, the strategy pre-
ferred by most household-processors appeared to be to 
process all roots to starch which is then stored. 'Ibis 
material is then mostly processed over the ensuing 
six-month period, although some processors opertc on 
sweetpoiato starch over the whole year. This approach 
reflects the greater case of storage and lower storage 
losses reported for dry starch in comparison to fresh roots. 

In some lo"ations processors kept the starch under 
water for periods of up to six months, in preference to 
immediate drying. This practice was said not to alter the 
quality characteristics of tile ;tarcll. 

Although it is reported that processors can produce 
noodles with a storage life of up to one year, in practice 
they appear to be produced with a moistte content 
which limits theslf lifie to a few weeks. The latter is 
sufficient to allow time for transportation and sale and 
enables a higher return per unit of starch. 

Starch Extraction 

The basic process used for household and village-level 

starch extraction from sweetpotato is shown in Figure 1. 
Thereiare three fundamental stages: extraction, puri

fication, and final preparation. At the rural level, the
 

process is not standardized and is confined to processing 
between 100-2,00 kg of roots per day. 

Industrially, the process operations are similar to 
those shown in Figure 1, but they do differ in terms of 
the techniques and plant used to carry out the operation
al stages involved; plant capacities varied between 10
100 tidry. 

At the small-scale level, freshly harvetcd roots are 
washed and then ground to produce a mash. Typically 
roots are ground, either with or without water, using a 
pin mill, hammer mill, or a traditional root crop rasper. 
The choice of mill depends on the scale of operations
and whecther an ;1hernaltivc use fortihe mill exists. Water, 
a 
when used, is not treated, being drawn either from shallow 

wells or directly from flooded paddy fields. Its quality 
is not potable and this would be expected to influencethe microbiological quality of tilestarch produced.
y t 

After grinding, the mash is washed on a synthetic 
screen iii order to separate free starch from the fibrous 

residue. The starch slurry is allowed to sediment and the 
residue is sunidried or ensiled to be used as animal feed. 
Sedimentation marks the end of the extraction phase and 
the start of purification. 

Historicall), purification of sweetpotato starch ht 
proven a difficult and complicated process. The pre
sence of polyphenolic compounds, ascorbic acid, and 
carotene make production of good white starch difficult 
(Yanimura ct al. 1959). Industrially in Japan (and pre
violu.ly in tile USA), purification is under alkaline con
ditions using satuirated lime water (Brautlecht 1953; 
Winarno 1N82). In rural Sichuan Province, variations on 
two basic procedures were observed. In both methods, 
starch sedimentation was done three times. The prin
cipal distinction between the procedures is the nature of 
tile liquid used to wash the starch. In some areas, fresh 
water was used to purify the sedimented starcli 'or to 
tinal recovery, but the starch so produced was invariably 
discolored. In other communities, an interesting and 
unique process, known locally as the "sour liquid meth
od", was employed (Fig. 1and 2). As far as is known, 
this method his not been investigated and has not been 
reported in the international literature. The sour liquid 
is an aqueous acidic fermented extract from dried peas, 
fiaba, or mung beans and is prepared as described in tile 
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Figure 1. Sweetpotato starch extraction process (rural process: Sichuan Province, China). 

Freshly harvested 
sweetpotato roots 

Water 

Washing 
Washed roots 

______Water 

Grinding 
SP slurry (mash)! - Water [ 

Extraction 

Sieving 
Sweetpotato -4- SP starch slurry 

residue (pig feed) (Mix) 
Sedimentation (1) 

Aqueous solution 
(drain) (Mix) . 

t-Wstarch 

.. . Sour liquid 

Sedimentation (2) 
Sour liquid - Wet starch Purification 

Sorlqud~-- ------- Water 
solution (1st liquid) (Mix) 

Sedimentation (3) 

Sour liquid "a- I 

solution (2nd liquid) 
Dewatering Final 

Moist starch Preparation 

Aqueous solution -4 
(drain) 

Drying (sun) 

Dry sweetpotato starch 
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Figure 2. Preparation of "sour liquid" (rural process: Sichuan Province, China). 

Dried pea.; 

- - -- Water 

Milling 
Pea mash slurry 

Residue . Sieving 
I Starch slurry 

Drying (Sun) Wet starchednenttion 
Dry starch 

Storage 


Noodle 
manufacture 


Appentix. As observed and discussed with farmers, 
there are two important features regarding use of the 
sour-liquid method: 

Following initial preparation and ';ubsequcnt use of 
the original sour liquid, the aqueous solution ob-
tained from the third sedimentation stage of starch 
extraction(2nd liquid-Fig. 1)is used as the fresh sour 
liquid for future processing. Its use is dependent upon 
its ability to promote starch sedimentatina, which is 
checked visually. If it is not strong enough, it may be 
strengthened by the addition of some of the more 
potent fii-,t liquid (Fig. 1). 

" 	The sour liquid must be added and mixed immedi-
ately with the .ci starch following the first sedimen
tation otherwise the final starch will be discolored. 
The qua-,,,y of sour iiquid added is carefully moni-
tored by, prior to processing, evaluating its effect on 
the rate of sedimentation of a small sample of wet 
starch cake. The -ddition of too much sour liquid 

Aqueous extract 

Fermentation -------

Sour liquid
 

tato
 
starch extraction 

results in flocculation and associated separation dif
ficultics. Too little sour liquid results inan excessively 
long sedimentation period and a less white product. 

After the third sedimentation, the linal s;tage ofproduct recovery begins. Following decanting, the wet 
starch cake is further dewatered by allowing it :o drain 
overnight in a suspended nylon screen. The dewatered 
starch cake is carefully broken up and sun dried on 
concrete floors or suitable woven matting. Drying to a 
safe moisture content (approximately 12% wb) was 
reported to take between 6-8 hours in good weather and 
between 2-6 days under inclement conditions. 

Noodle Manufacture 

As observed, there are three key stages in manufactur
ing "transparent" noodles from sweetpotato starch: (1)
preparation of starch dough, (2) formation, gelatiniza
tion, and retrogradation of the moist noodles, and (3) 
drying of the noodles. 
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The first step involves preparing a small quantity of 
gelatinized pea or corn starch to act is the binder, or 
macromolecular network, for the sweetx)tato starch. At 
the household or village level of operation, this is usual-
ly carried out in a prewarmcd ceramic vessel ofaround 
100 liter.; capacity. Boiling water is added to the pea/corn 
starch and the mixture stirred vigorously to give a gel 
containing 5-7% (w/w) starch. Initially the gel tcmpera
ture was 18°C and stirring was continued until the 
temperature had fallen to 50°C. The sweetlxtato starch 
is then added progressively to the gel and mixed con-
tinuously until the desired dough consistency is reached. 
Typically, thearount ofsweetpotato starch in the dough 
at this stage is about twicc the weight of the pea/corn 
starch gel and the dough temperature Ias decrcascd to 
about 40°C. Notably, at the correct consistency, the 
dough loses its earlier stickiness and can be molded 
e.a.sily by hand. 

Tile dough is then loaded into it saucepan-type 
"former" which is held at a distance of trbOut '10 Col 
above the surface of boiling water contained in a h'cated 
vessel. The dough is then tapped firmly to force it 
through tie holes of the former and into the boiling 
water in the form of noodles where gclatiniyaion oc-
curs. Following gelatinizittion, the noodles are immedi-
ately washed in cold water to promote retrogradation of 
the starch and attendant transparency of the noodles. 
The noodles are then cut to size and hung on hamboo 
cross pieces to dry. Under good sun-dying conditions, 
drying takes about one day; and under poor conditions 
around 3-4 days are required to bring the noodles to safe 
storage moisture levels, 

The basic quality problems associated with sweet-

potato noodles involve their ixor color and cooking 
strength. Colorof noodles varies between light and dark 
brown. Discoloration was considered by villages to be 
related to the variety of swectpotato processed. For 
example, Xushu 18, a preferred varivty for indu.,Strial 
use, was reported to produce a dark colored noodle; 
wheicas Chuanshu 27, a variety widely grown by vil-
lages, was reported to produce a light colored noodle. 
In addition to varietal consideration.;, however, noodle/ 
starch discoloration is most probably related to the 
chlorogenic acid content of the roots, and to enzyme/ 
iron-catalyzed oxidative reactions more generally (Ar-
thur and McLemorc 1956; Hoover IWA). Noo'ilecooking 
strength and texture is enhanced by incorporating Potash 
Alum (Aluminium Potassium sulphate, KAI (SO04)2: 
12H20) at levels up to 0.8% (w/w) into the starch 
dough. 

Research Work at NRI 

The studies carried out to date are of a preliminary 
nature and encompass the quality of starch samples 
obtained from Sichuan and the microbiology of the 
sour-liquid preparation proceduire. 

Starch Quality 

To evaluate "he noodle making quality of the starch 
sanples, pate viscosity during processing (heating and 
cooling) vs mieasured at the National Resources In
stitutc (NRI), using a13rabender viscograph (Fig. 3 and 
4). Starch c'iaracteristics vwhich ,re eunsidered to be 
required to produce good quality transparent noodles 
are high and stable paste viscosity during processing. 

The results obttined indicate that fresh starch sam

pies (I, 3, 4, 6, and 8) had better pasting characteristics 
for noodle production than stored starch samples (two 
and live). Dougli prepared for noodling gave the lowest 
viscosity values obtained indicating that adverse chan
ges hald occurred during production. Reduction in vis
cosily may Ihvc been due to the use of old (storcd 
starch) or discoiored starch (sample nine) with poor 
palsling properties. Pea starch collected during the su
vey did nlot give a inticsurahle viscosity value (5% 
concentration) on the BIabcnder viscogrph indicating 
a signilicant reduction in the expected gelatinization 
properties of a legume starch. Addition of pea starch to 
the swctpotato :;tarch dough could also have been 
resloxinsiblc for the low values obtained for sample seven. 

Proxinmatc analysis (sugar and fats) to date at NRI 

have not indicated any retsons For the p sting differcn
ces obtained with these samples. 

Microbiological Analyses 

of Samples of Sweetpotato 
Starch Prepared by the Sour Method 

The microbiological compositions ofasamlpleofsweet
potato dough and a salple' of s, ctpotato wet starch, 
both prepared by the sour-liquid method, were deter
mined. lic samples were collected on October 26, 
1990, from Slhaungnong Village and freeze dried on 
November 16, 1990. The long storage time before sta
bilizaition should be borne in mind when these obscrva
tions are considered. 

In each of the sample.s, lactic acid bacteria (L.Alt) 
were the principal group of microorganisms enumc 
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Figure 3. Brabender viscograph of Chinese sweetpotto starch samples. 
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Fivlure 4. Brabender viscograph of Chinese swectpotato starch samples. 
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ated with counts of 1.0 x 106 cfu/ml in the dough and 
7.2 x 103 cfu/mI in the wet starch. A number of isolates 
were subse.uently identified (Table 2). The dough was 
dominated bv mixed population of Leuconostoc dextra-
nicum and Leuconostoc mesenteroides.The wet starch 
had a more varied population of homo- and hcterofer-
mentative lactobacilli which included Lactobacillus 
brevis, Lactobacilluscasei, Lactobacilhsacidkphihus, 
and Lactobacillusbucluteri. 

Laboratory Studies on 
Preparation of Sour Liquids 

The preparation procedure for the production of sour 
liquids was repeated at NRt laboratories it the U.K. using 
a sample of peas returned from China, split pti, broad 
bean, mung bean, and mung bean with 1.5% sweet-
potato wet starch added on the first day of preparation. 
Microbiological changes and changes in pH value were 
monitored. Each of the sour liquids produced, with the 
exception of mung bean, was active for the dccoloriza-
tion of sweetpotato starch (on either day 12 or day 15 
of preparation). With the exception of miung bean, clian-
ges in microbiological composition (Fig. 5 shows broad 
bean as an example) and p1-I values (Fig. 6) were similar. 

During the fermentation of liquids from peas re-
turned from China, split pea, broad bean, and mung plus 
added sweetpotato wet starch, LAB were the dominant 
group of microorganisms. Enterobacteriacae:,)p. grew 
in the early stages ofeach of the fermentations reaching 

peak concentrations between 50 and 100 h of between 
1.4 x 105 and 2.5 x 109 cfu/ml. They then decreased in 
number to less than 102 cfu/ml after 200 h. The decline 
in numbers of Enterobacteriacaewas probably as a 
result of the low pH due to acid production by LAB. 
Filamentous fungi and spore forming microorganisms 
played no role in any of the fermentations. Yeasts were 
detectable in only the split pea sour liquid reaching a 
count of 6.4 x 106 cfu/rd after 12 days. 

Mung bean sour liquid was dominated by Entero
bacteriacaespy. and LAB with counts of 5.4 x 109 and 

7.6 x 109, respectively. The rate of growth of the LAB 
was slower than tht of the Enterobacteriacaeat the 

start of the fermentation (Fig. 7). Yeaists, molds, and 
spore forming microorganisms played no role in the 
fermentation. The faster growth rate and initial numeri
cal advantage of the Enterobacteriacaesply. may ac
count for their importance in this fermentation. During 
village processing, such an outcome is unlikely since 
the elavironment would be expected to be coxtaminated 
with high numbers of IAB3 and a typical fermentation, 
such as that observed with broad bean or mung bean 
with added sweetpotato wet starch, would be expected. 

Isolations were made from the sour liquid on day 
12 of preparation. The principal isolates of I.AB are 
listed in Table 2. Each of the principal LA3 were hetero
fermentative, which is in contrast to other fermented 
foods, such as sauerkraut, where there is a succession 
of microorganisms with heterofermentative LAB domi
nating at the beginning and homofermentative LAB 

Table 2. Principal Isolates from starch samples returned form Sichuan Province and 
sample of sour liquids prepared from a number of legumes. 

Sample 

Sweetpotato dough ready for noodling 

Sweetpotato wet starch 

Chinese pea and broad bean 

Split pea and mung bean plus 
sweetpotato we! starch 

Mung bean 

Principal isolates 

Leuconostoc niesenteroidesand 
Leuconostoc dextranicun 

Lactobacillusbrevis, 
Lactobacillus casei, 
Lactobacillus acidophil-u., and 
Lactobacillusbuchneri 

L. mesenteroides and 
L. dextranicum 

L. mesenteroides and L. brevis 

L. mesenteroides 
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Figure S. Changes in microbial populations during the preparation of sour liquids from broad bean. a 

Dayl Day3 Day5 Day 12 

10.0_ 

U Total count (non-LAB)
8.0 A Lactic acid bateria 

U 
/ V Yeasts and moulds 

* Enterobacteriacae 
ZO 6.0 * Spore formers 

0 
.2 4.0 

.0 2.0 
0 

0 I I II I 

0 2 4 6 8 10 12 
Time (days) 

aLiquids were prepared according to the method detailed in the Appendix and incubated at 15°C. 

Figure 6. Changes in microbial populations during the preparation of sour liquids from mung bean. a 

Day I Day3 Day5 Day 12 
12.0 

10.0 

8.0 

* Total count (non-LAB) 
6.0 A Lactic acid bateria 

yYeasts and mouldls 

4.0 *Enterobacteriacae 
*Spore formers 

2.0 

0-
0 2 4 6 8 10 12 

Time (days) 

aLiquids were prepared according to the method detailed in the Appendix and incubated at 151C. 

225 



Figure 7. Changes in pil value during tile preparation of sour liquids from a number of legumes.a 
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al.iquids were prepared according to the method detailed in the 1 \ 'lndi inculh:1tcd ill1 (.x 8d:ll 

dominating later (Vaughn 1985). The isolates front each 
of the beans were similar to those isolated from sweet-
potato dough ready for noodling that had been prepared 
by the sour-liquid method ('lible 2). Although wc have 
some reservations about the sanples oflstarch returned 
from China, it would appear that L. itesenteroides,L. 
dextrancicum, and L. brevis are the dominant organisms 
in the sour-liquid fermentation. The dominance of hete-
rofermentative LAB is significant since the principal 
products of their metabolism are lactic acid, acetic acid 
(or ethanol), and carbon dioxide. Homofermentative 
.AB principally produces lactic acid (Kandler 1983). 

Tile nature of the end products may determine whether 
or not a sour liquid is active, 

Discussion 

Enhanced utilization of sweetpotato-in p:.rticular, as-
pects relating to starch extraction, animal feed, and 
noodle manufacture-is being energetically pursued by
local authorities, villages, and individual households 
through much of Sichuan Province. Production ofnood-
les is viewed as a practical means of raising incomes in 
the rural sector and earning foreign exchange through 
export. Inorder to expand the possible income general-
ing effects of processing, it may be desirable to inves-

tigate the potential for labor saving within the process 
stages involved, since labor appears to be a major con
straint affecting the uptake of the activity. Similarly, 
there may also be scope for reducing equipment costs 
and/or the need for ensuring that the introduction of 
ntechanized components, such as noodle equipment, is 
not premature. The Intemational Potato Center (CIp), in 
close collaboration with tie Sichuan Academy ofAgri
cultural Sciences (SAAS), among others, is providing 
cultur ad c oam ssis
scien aA d so),on o 
significant scientific and socio-economic assistance to 
the development efforts involved. 

For environmental reasons, starch extraction ap
pears well suited to the sma.l-scale operations found in 

the rural sector. The quantities of water used during the 
extraction process vuy between 5-10 times the weight
of fresh root,; processed. The waste waters arising from 
the sedimentation operations are relatively easy to dis
pose by direct drainage to field irrigation channels. This 
situation contrasts strongly with the much larger fac
tory-scale operations. Typically, in these situations, the 
quantities of water used are twice that employed in the 
small rural operations. Inaddition to containing soluble 
components such as dissolved sugars, protein, and vi
tamins, the waste waters also contain a suspension of 
very fine starch granules. Often, due to the lack of 
proper effluent treatment facilities, the waters are dis

226 



charged directly into adjacent water courses, where high 
BODs ranging from 3,000-8,000 ppm (Honbo 1980) can 
gencrat e severe pollution problcms. 

Evaluation--and subsequent optimization of the 
traditional processes used for manufacturing starch and 
o,,dles-represents a key component in the develop-


ment of the Sichuan swectpotato industry. An important 

objective should be the standardizalion of these proces
ses with paticular emphasis on product quality con-

siderations. The process optimization studies should 

include interaliawork aimed at reducing walcr require
ments in order to minimize subsequent envire. mental 

pollution by the waste streams. On tile processing side, 

researcli on the relative merits of the traditional "sour-

liquid" and alkaline, commercial processes, appears a
 
worthwhile area for furtherstudy. Regarding the former, 

the meclanism(s) involved in removing discoloration 

from the starch and the acid/bacteria interactions are of
 
interest and should be elucidated. Inview of the impor-

tance oi sweetpotato residue for animal feed purposes,

studies aimed at maximizing starch extraction from the 

fresh roots, should pay due regard to the overall energy 

levels required for the product by the animal feed sector. 

Given the inter-relationship between feed and foK)d use, 

there is a strong case for closer investigation of future 

market trends for food items (noodles) and livestock
 
products (pork). These may serve asc m o -oerintah edr .. a contexth withinwni all hi te c ar ca bed e -ceswhich 	more technically-orietated research can be de-

The functional properties of starche.s extracted 

from different varieties by various mcans also require 

careful study. Regarding the manufacture of noodles, it
 
would seem prudent to determine swctpotato varieties 
high in ainylase; and perlafs investigate le practicability 
of incorporating high amylase starche.s and desirable 
nutrient, from other plant sources into the sweetpotato
dlough. The aim would be producing better quality noodlles with high nutritive value. 
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Appendix 

Preparationof "Sour Liquid" 

Day 3Raw Material 

Dried peas/faba beans/mung beans/water 	 3.1. Repeat (1.1) with a fresh batch of peas and then 
use part of the fermented liquor from (1.3) to wash 

(The researchers were informed that the above legumes the mash during the sieving operation (1.2). 
could be uised either separately or mixed together to 
produce the sour-liquid; however, from impressions 3.2. Sediment the starch slurry arising (5 hrs). 
gained, it appears that peas were the preferred starting 
material). 3.3. Decauit/collcct the aqueous layer, and bulk with 

the remaining fermented liquor from (1.3); allow 

the bulked liquor to continue to ferment for a 
Method further two days. 

Day 1 
Day 5 

with 	water producing an 
1.1. 	 Wet grind the peas 

aqueous pea mash (Peas: water 1:2 (w/w)). IRepeat Day 3 procedure up to and including (3.2); 

1.2. 	 Sieve the mash (80-100 mesh screen) separating decant/collect the aqueous layer and mix with all 

it into an aqueous starch slurry (collected) and a remaining fermented liquor, allow the mixture to fer
pea residue (discarded). 	 ment for a further seven days. 

1.3. 	 Allow the starch slurry to sediment (5 hrs)2; 
Day 12decant/collect the aqueous layer, subsequently al-

lowing it to ferment for two days. 3 (In Sichuan, 
the pea starch layer is usually dried, and stored for The fermented liquor is now ready for use in the "sour

liquid" process for purification of sweetpotato starch. 4 
future domestic use). 

I As practiced, the farmers use 5 kg peas to 10 kg water.
 

2 Assumed (since the researchers were informed that sedimentation time was similar to that used during the sweelpotato starch extraction
 

process). 
3 Average ambient temperature daily, between 12-17"C; going down to around 6'C at night. 
4The sour-liquid so prepared must be used within four days of manufacture, after which time it is discarded, and a fresh batch prepared. 
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Sweetpotato Starch and Flour Research in Thailand 

SaipinManeepun,SuparatReungmaneepaitoon, 
and MontatipYunchalad1 

Abstract 

Thirty-four sweetpotato varieties were grown in 1990 to study their chemical composition. The results 
were in the range of 57-71% moisture content, 3.19-12.06% dry weight, 4.96-12.83% fiber, 1.37-4.15% 
ash, and 28.6-43.1% dry matter. Based on these varieties, analysis of dry matter could be classified into
three groupslow, medium, and high. Five varieties had below 31% for low; 19 varieties had 31-36% for 
medium; and ten varieties had over 36% for high. The starch conient was below 20% for the low group
(four varieties); 20-25% for the medium group (19 varieties); and over 25% for the high group (11
varieties). Starch extraction yield was in the range of 47.17-61.90%. The amylase content ofswectpotato
starch ranged from 25.45-3.48%. Fractionated amylase was tested from the high amylase variety, Mae-Jo. 
Successful separation of amylase from swectpotato starch was obtained by forming an amylase complex
with 1-Buoll and diluted lCI.This mixture of starch and solvent was heated to 85°C for 35 min, then 
cooled to room temperature and kept for 24 hrs. The fractionated yield was 36.16% and contained 49.07% 
amylase. The fractionated amylase was also characterized by the Scanning Electron Microscope (SEM). 

Three varieties of sweetpotatoes were used for flour production. These were shredded and dried in a
cabinet airdryer at 50*C. The shreds dried sufficiently in about four hirs. Weight change, moisture content,
and yield were analyzed. The percentage of yields after drying, based on whole roots, was 20.7-21.52%. 
This uncooked flour was substituted (up to 40%) for rice flour in snackfood processed by using a cooker 
extruder and village texturizer. These processing experiments have apromising potential fordevelopment 
at the commercial level. 

Key words: Thailand, sweetpotato, starch, flour, research. 

Introduction Policy Plan (1987-91) (Tuntithum 1989). Therefore, 
industrial uses of sweetpotato should be developed to

Sweetpotatoes have been grown for domestic consump- utilize the anticipated increase in production.
tion in Thailand for many years. The crop can be cul
tivated in almost every part of the country and is suitable Marketing of simple, processed sweetpotato pro
to the tropical climate. Home- and cottage-scale pro- ducts has been conducted by home- and cottage-scale
cessing units have supplied products to local markets on processing units in various food outlets. However, these 
a daily basis. These processed products must be con- small- and medium-scale processing industries have to 
sumed within 1-2 days due to their short shelf life. develop the technology to process more sophisticated
Calorie contribution by sweetpotato in the diet is quite produc!s with a longer shelf life and to meet consumer
small because people consume sweetpotatoes as a dessert preferences. Since sweetpotatoes are known to have a
and as a processed snack food. Commercial production high nutrient content, as evaluated by Yang (1982), the 
of sweetpotato has been introduced with government processes used should be designed to retain this high 
support since 1987 in the Sixth National Agricultural quality nutrient value. 

Institute of Food Research and Product Development, Kasetsart University, Bangkok, Thailand. 
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The Experiment Station of the Horticultural Center 
has developed a breeding program for sweetpotato vaie-
ties which can be used in industrial processing. Selected 
varieties are studied fo, both quality and quantity to 
meet industrial requirements. TWo aspects are mainly 
studied: starch extraction (and its characteristics for 
industrial uses) and flour as an intermediate raw ma-
terial for processing. 

Materials and Methods 

Starch Extraction and Analysis 

Materials 

'Me materials used for this process were: 

• thirty-four varieties of sweetpotato, 

* peeler and disintegrator for chopping into fine par-

ticles, 

vibro-separator for separating starch slurry, 

* 	decanter Centrifugal (Alfa-Laval Type NX 207 S-31) 

for extracting starch, 

" 	brabender amylograph for starch viscosity determi-
nation, and 

• 	Scanning Electron Microscope (SEM) forstarch crys-
tal determination. 

Methods 

Chemical Analysis 

Thetwo processes necessary for chemical analysis were 
to: 

* 	analyze the sweetpotato samples by using the As-
sociation of Official Analytical Chemists (AOAC) 
standards to determine moisture, protein, fat, ash, 
and fiber content, and 

* 	determine the starch content and reducing sugar from 
fresh roots by the Lane and Eynon method. 

Starch Extraction 

washed, chopped, and disin-
Sweetpotato roots were 

tegrated by using a grinder to extract with water at a ratio 
of 1:10. The process is shown in Figure 1. Slurry was 
separated by using a Vibro-Separator (Kason, Australia) 
with 150 and 200 mesh sieves to remove fiber and skin. 

Fiber was washed with water until clear water was 
obtained. 

Starch was extracted from the slurry using a de
canter centrifuge (Alfa-Laval Type NX 207 S-31) to 
remove starch. Starch was suspended with water three 
times and then centrifuged. Clean starch was dried at 
50-60C in the dryer to reduce moisture from 40% to 
12%. 

Analysis of Starch 

The following methods were used: 

protein determination by Kjeldhal Method, 

* 	 fiber determination by AOAC standards, 

e 	 amylase content by using the method of William et 

al. (1970), 

* 	 brightness of starch examination with an Elrepho 
refractometer, and 

* 	gelatinization temperature taken by hot stage micro
scope and viscosity with a Brabender amylograph. 

Fractionation Study 

Fractionation method. Using the liquid phase separa
tion in Mgso4, the salt solution was adjusted to the 

optimal condition (rhumyamangkol 198,) ,asshown in 
Figure 2. 

Using the solid liquid separation technique by se
lective precipitation with a complexing agent (Buoll), 
it was possible to effect complete dissolution of starch 
at a temperature below 100C. Bauer and Pacsu (1953) 
recommended using a diluted acid solution adjusted to 
the optim::l condition as shown in Figure 3. 

The appearance of fractionated products and char
acteristics of their crystals were observed under a scan
ning electron microscope. The aunylase content was 
analyzed by using a simplified assay. 

Flour Studies 

Materials 

* 	Three varieties of sweetpotatoes were used 

* 	 Cabinet air dryer 
o 	Slicing machine 

* 	 Pin mill (Alpine Ausburg 160 Z 1979) 
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Figure 1. Flow chart for the processing of sweetpotato starch. 

Fresh roots 
4 

Washing 

Chopping 

Grinding or rasping dry matter: H20=1:10 

Suspension slurry 

Sieving by vibro-separator (Kason,Australia) 
150 mesh and 200 mesh sieve 

S:tarch slurry _ 
4, feed rate = 200 liter/h 

Decanting by centrifuge 	 motor power = 5.5 kw 
drum speed = 4,900 rpm 
conveyor speed = 2,900 rpm 

Wet starch with a moisture content 30-40% 

Baking in an oven at 50-600C 

Strch7
 

Methods 	 Temperature and relative humidity were also re
corded.
 

In preparing shredded swectpotaloes, the Mae-Jo * Proximate analysis was carried out on sweetpotato

variety was selected for the process because of its flour for moisture, protein, ash, fat, and fiberbyusing
 
high solid matter and starch content, and white flesh AOAC standards (AOAC 1989).
 
color. E-Kaa variety has orange-yellow flesh color.
 
Kaset variety, commonly available in the market, has 9 The yield of sweetpotato flour was determined after
 
a yellow flesh color. The process of preparing sweet- drying. Both skin and flesh were weighed separately.
 
potato flour is shown n Figure 4.
 

" The drying rate of flour was studied by using four e A preliminary experiment was done to proce-s sweet
aluminium trays for weighing a prepared sample. potato flour by using a cooker extruder (Wenger 
Hourly recording was done to obtain the drying rate. X-25) and a local village texturizer. 
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Figure 2. Optimal condition for amylose fractionation using a liquid phase separation. 

Native sweetpotato starch] 

--- MgSo 4 11% 

pH 6.5-7 
1:100 (starch: salt) 

autoclave at 125'C 45 minutes 

cool at 800C 60 minutes 

centrifuge at 9000 rpm. 

precipitate o amylose supernatant 

cold H.0 

V 
wash precipitate free of salt cool at 20 0C 

dry in oven 800C filter 

amylose precipitate of amylopectin 

H20
 

wash free salt 

dry in oven 800C 

amylopectin 
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Figure 3. Optimal condition for amylose fractionation using a diluted acid solution. 

[Native sweetpotato starch I

J .025 N HCI 100 ml 
1-BuoH 7.5 ml 

Heat in water bath at 85 0C 35 minutes 

I 
Cool at room temperature 24 hours 

I 

F-y Centrifuge 

Precipitate amylose-BuOH pernatnt 
complex SUP 

y 
wash 2 times 

y 
MeOH 2 times 

with MeOH, centrifuge centrifuge 

V 

Wet amylose] Precipitated amylopectinI 

V 
dry in vacuum 

at 70"C 
oven 

V 
dry in vacuum oven 

at 70"C 
V V 

Anylose AAmylopectin 

Results and Discussion 

Starch Analysis 

Thirty-four varieties of sweetpotatoes were analyzed. 
The moisture content in tubers ranged from 56.92
11.40%. Protein content was from 3.19-12% on a dry
weight basis. The results of protein content fell within 
the average reported and published by Collins c al. 
(1982). Various breeding genotypes in a 1980 evalua-
tion ranged from 3.1-13.1% on dry weight; generally, 
theaverage protein content was 9.472 ,/, and most v,rie-
ties cotained between 5.57-9.38% protein on a dry 
weight basis. The protein quality of sweetpotato was 

found to have a good biological value for human food 
(Yang 1982). Consumption as a staple food should be 
promoted where malnourished people need to include 
nutritious food in their diets. The fiber content was 
4.96-12.83%; ash content was 1.37-4.19%. Fat content 
was very low less than 1%. 

Starch Content and Dry Matter 

The dry matter content of sweetpotatoes is presented in 
Tables 1-3. Dry matter content of the 34 varieties grown 
in 1990 ranged from 28.6-47.12%. These were clas
sified into three groups: below 31% for the low group 
had five varieties, 31-36% for the medium value had 19 
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Figure 4. Flow chart for the processing of sweetpotato flour. 

E Sweetpotato 

I 
Washing 

Peeling 

Slicing, 2 mm thickness 

I 
Cutting, 3 mm width 

I
 
Drying in cabinet air dryer at L0°C 

I
 

Grinding by pin mill 

IS weetpotato flour 

varieties, and higher than 36% for the high value had 
ten varieties. The average dry matter content was 34.72%. 
The reducing sugar content of the 34 varieties w.s ifl 
the range of 5-9.63% on awet weight basis. 

The starch content of sweetpotatoes is also clas-
siftied. Four varieties had the low value, 20% wet weioht 
or 63% dry weight; 19 had the medium value, 20-25% 
wet weight or 63-70% dry weight; and, 11 varieties had 
the high value, over 25% wet weight or 70% dry weight. 
The results of the percentage of dry matter (K)and the 
percentage of starch is shown Y = 0.689x - 0.405 
(r = 0.777). 

The 11 sweetpotato varieties which had a high 
percentage of dry matter and starch are Mae-Jo, Hear-
tegold, Negro-2, Tainung-69, Hao-Dang-Jai-Kao, Pis 
57-28, Negro-Ayuthaya, Hao-Kao-Jai-Mung, Hom-Mali, 
Munkao-Sukothai, and Malaysia. 

Starch Extraction 

Pilot scale was used for starch extraction. Results are 
shown inTable 4. Yields ofabout 10-15%onadry basis 

were obtained. More than ten kg of sweetpotato were 
used for batch extraction. The average yield of starch 
extraction was 12.66%, but the starch content ofsweet
potatoes by chemical analysis was from 20.02-27.04%. 
The recovery of starch content of sweetpotato varieties 
ranged from 37.27 to 61.90%. Average recovery per
centage was 52.43 with a standard deviation of 6.33. 
This low recovery was obtained due to starch loss 
during screening fiber from the starch slurry and in the 
centrifugal step. Table 5 shows starch quality: fiber 
content was less than 1.0% on a dry basis. Ash was less 
than 0.85%. Protein content was 0.01-0.49%. Average 
amylase content was 25.45 with a standard deviation of 
3.48. There are six varieties which had an amylase 
content of over 28%, Mae-Jo, Po.Mo.Po.Jo-2, Malaysia, 
Sree-Varndhini, Kao-Chine-Patalung, and Mun-Don
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Table 1. Analysis of starch in raw material from sweelpotatoes which had been harvested In 
March 1990 at Phichit Horticultural Research Center, Phichit, Thailand. 

Reducing Starch/' Starch 
Moisture Dry mattera sugar (wet basis) (dry basis)

No. Varieties (%) (%) (%) (%) (%) 

1. Mae-Jo 0.24 39.7611 9.47 31.1.41 I 78.31 
2. Ais 057-4 68.82 31.18 M 8.15 21.29 M 68.28 
3. 1leartegold 64.41 35.59 M 5.66 26.24 11 73.72 
4. Pis 091 66.08 33.92 M 7.67 21.92 M 64.62 
5. Pis 094 68.24 31.76 M 5.20 22.26 M 70.08 

6. 04-Roi-Et-7 67.57 32.43 M 7.20 22.68 M 69.93 
7. Tis 8250 65.95 34.05 M 7.10 23.70 M 69.60 
8. Centenial 68.12 31.88 M 7.30 22.00 M 69.00 
9. E-Kaa 69.67 30.33 I. 7.08 20.55 M 67.75 

10. Huay-Si-Thon 65.14 34.86 M 7.32 23.15 M 66.41 

11. Negro-2 60.47 39.5311 7.39 28.35 11 71.72 
12. 010-' 64.81 35.19 M 7.59 22.60 M (4.22
13. Norin-03 69.38 30.62 1 5.00 21.08 M 68.84 
14. Tainung-69 60.64 39.3611 7.30 27.71 II 70.41 
15. V20-429 66.41 33.59 M 	 23.12 M8.72 68.83
 

aDry matter content of varieties is classified as low (i.) for values below 31%, medium (M) 31-36%, and high (11)
 
for values over 36%.
 

bStarch content is classified as low (L) for values below 20%, medium (M) for 20-25%, and high (11) for values
 
over 25%.
 

Table 2. 	 Analysis of starch in raw material from sweetpotatoes which had been harvested in
 
April 1990 at Phichit Horticultural Research Center, Phichit, Thailand.
 

Reducing Starchb Starch 
Moisture Dry matter" sugar (wet basis) (dry basis)

No. Varieties (%) (%) (%) (%) (%) 

16. V16-12 70.19 29.81 1. 5.64 20.36 M 68.30 

17. Hao-Dang-Jai-Kao 62.48 37.52 II 6.19 26.62 1 70.94 
18. lom-Mali 59.88 40.12 1I 8.29 28.70 H 71.54 
19. Pis 57-28 63.83 36.17 lH 9.39 27.52 11 76.08 
20. Negro-Ayuthaya 63.32 36.68 II 6.83 27.85 11 75.92 
21. Pakchong-Ayuthaya (4.49 35.51 M 9.56 L2.26 M 65.51 

22. Philippines 71.40 28.60 I. 7.46 16.79 L 58.71 
23. Ob-Cheuy 67.91 32.09 M 8.35 22.74 M 70.86 
24. Hao-Kao-Jai-Muang 56.92 43.08 H1 7.31 30.78 H 71.45 
25. Mun-Kai-Sukolhai 68.75 31.25 M 7.35 21.54 ',,1 68.93 
26. Mun-Soy 63.76 36.64cl1 8.62 17.52 L 47.82 
aDry matter content of ,aricties isclassified as low (L) for values below 31%, medium (M)31-36%, and high (i1) 
for values over 36%bStarch content is cl'ssified as low (L) for values below 20%, medium (M) for 20-25%, and high (H) for values 
over 25%. 

CSmall roots. 
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Table 3. 	 Analysis of starch in raw material sweetpotatoes which had been harvested in May 
1990 at Phichit Horticultural Research Center, Phichit, Thailand. 

Reducing Starchb Starch 
Moisture Dry mattera sugar (wet basis) (dry basis) 

No. 	 Varieties 

27. 	 Mun-Kaset-Nakom 
28. 	 Po.Mo.Po.Jo.2 
29. 	 Munkao-Sukothai 

30. 	 Malaysia 
31. 	 Sree-Vamdhini 
32. 	 Taiwan-Munkao-

Chiangmai 
33. 	 Mun-Don-Nakorn 
34. 	 Kao-Chine-Patalung 

Mean 	 (x) 

Standard 
deviation (s) 

(%) (%) (%) (%) (%) 

70.82 29.28 1 7.54 20.19 1 69.19 M 
68.23 31.77 M 7.90 19.52 L 61.44 L 
64.06 35.94 M 6.68 25.83 H 71.87 H 

64.6.3 35.37 M 8.55 25.26 H 71.41 H 
62.90 37.1011 7.55 19.80 L 53.36 L 

66.55 33.45 M 7.34 22.10 M 66.06 M 
66.8(0 33.20 M 7.78 21.90 M 65.96 M 
64.01 35.99 M 9.63 24.28 M 67.46 M 

65.49 34.72 7.53 23.54 68.07 

3.44 3.96 1.15 3.51 5.93 

aDry matter content of varieties is classified as low (1) for values below 31%, medium (M) 31-30%, and high (1I) 

for values over 36%. 
bStarch content is classified as low (L) for values below 20%, medium (M)for 20-2.5%, and high (11)for values 

over 25%. 

Nakorn. The Mae-Jo variety was used for further 
analysis in a fractionation study. The brightness of 
Mae-Jo variety starch was 90.3% (% MgO) which was 
rather high because the flesh of raw swectpotato was 
white. 

A view of the starch grain was obtained by photo-
micrography and enlarged to a final magnification of 
1,000. The variable shapes were oval, round-faceted, 
round, and polygonal; and they were generally non-ag
gregated. Under hot stage microscope, the gelatiniza-
tion range was 72.5-82.5"C with the mean value of 
gelatinization temperature at 77.5"C. The viscosity of 
starch paste and pasting temperature was at 78"C. 

Fractionation Study 

The amylase fractionation from sweetpotato starch was 
precipitated by using magnesium sulfate. Results are 
shown in Tables 6 and 7. Yield obtained was about 
47.3%. The amylase content could not be analyzed 
because of undissolved fractionated amylase in the Naoli 
solution. The experiment was a.justed to use an amylase-
forming complex technique. 

Summarized results ofarnylaseseparationby forming 
an amylase-butanol complex from sweetpotato starch 
are shown in Tables 8 and 9. The maximum yield of 
fractionated amylase was about 45.8% ai 0.01 N HCI, 
but this condition caused incomplete gelatinization of 
cooking starch. Therefore, the optimum condition of 
anylase separation has to be at 0.025 N 1lc, 12.5 gm 
and 7.5 ml Buoll, which obtained a 30.16% yield with 
an amylase content of 49.07% (Tables 8 and 9). 

The appearance of fractionated amylasc was opaque 
and dense, but amylopectin was clear and transparent. 
The visual characteristics of amylase and amylopectin 
crystals by SEM could be distinctly differentiated. These 
results from fractionated amylase could be used to 
develop another product. This product is a thin layer of 
edible film which can be consumed with a packaged 
food product without disposing of the package (Gan
nadiasne and Weller 1990). 

Sweetpotato Flour 

The study, of three varieties of sweetpotato flour pro
cessed as in Figure 4 determined the drying rate. Dry
ness was recorded every hour for 5 hrs as shown in Table 
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Table 4. Yields of starch extracted from sweetpotato (pilot plant at IFRPD). 

Raw material Starch Yield 
(%) Starch Sweetpotato Moisture Starch Dry basis recovery

No. Varieties analysis kg (M) kg (%) (M) 

1. Mae-Jo 31.14 18.10 11.96 3.081 14.98 48.10
2. Ais 057-4 21.29 13.30 5.45 1.642 11.67 54.81 
3. Heartegold 26.24 35.20 13.88 6.438 15.74 60.02
4. Pis 091 21.92 8.10 8.04 1.129 12.82 58.48 

5. Pis 094 22.26 47.00 8.52 6.446 11.41 51.25 
6. 04-Rol-Et-7 22.68 27.40 4.46 3.178 13.74 60.58
7. Tis 8250 23.70 13.60 5.50 1.610 11.18 47.17 
8. Centnial 22.00 10.20 ... 
9. E-Kaa 20.55 41.90 4.16 4.781 10.59 51.53 

10. Huay-Si-Thon 23.15 12.50 5.75 1.145 8.63 37.27 
11. Negro-2 28.35 21.60 9.66 3.810 15.93 56.19 
12. 010-1 22.60 22.80 9.95 3.542 13.99 61.90 
13. Norin-03 21.08 4.70 .... 
14. Tainung-69 27.71 21.20 5.64 3.070 13.66 49.30 

15. V20-429 23.12 17.10 6.11 2.467 13.54 58.56
16. V16-12 20.36 8.65 9.90 1.013 10.55 51.81
17. flao-Dang-Jai.Kao 26.62 6.70 9.46 0.996 13.46 50.56 
18. Horn-Mali 28.70 10.35 11.63 1.748 14.92 51.98 
19. Pis 57-28 27.52 4.45 ........
 

20. Negro-Ayuthaya 27.85 17.88 10.00 2.853 14.37 51.60
21. Pakchong-Ayuthaya 23.26 10.38 9.35 1.000 8.73 37.53 
22. Philippines 16.79 5.13 .......
 
23. Ob-Cheuy 22.74 10.00 8.87 1.203 10.96 48.19 
24. liao-Kao-Jai-Muang 30.78 1720 9.11 2.912 15.39 50.00 

25. Mun-Kai-Sukothai 21.54 14.70 9.04 1.962 12.14 56.36 
26. Mun-Soy 17.52 0.78 ..... 
27. Mun-Kaset-Nakorn 20.19 23.00 7.68 3.031 12.17 60.28
28. Po.Mo.PoJo.2 19.52 12.60 7.94 1.400 10.23 52.40 
29. Munkao-Sukothai 25.83 2.30 ........
 

30. Malaysia 25.26 14.80 7.44 2.116 13.24 52.41 
31. Srec-Varndhini 19.80 11.00 ........
 
32. Taiwan-Munkao-Chiangmai 22.10 6.80 ........
 
33. Mun-Don-Nakorn 21.90 6.38 .. 
34. Kao-Chine-Patalung 24.28 8.00 ........
 

Mean (7) 12.66 52.42 

Standard deviation 2.91 6.33 

-- = Not enough sample for production. 

10. The percent loss in weight from those three varieties in Table 12. The sweetpotato flour used was not pre
were about the same during the drying period. The cooked flourand could, therefore, be used for substituting
drying time for shredded sweetpotato (up to 7 cm long for various types of flours in processed food products.
shreds) was about four hrs. The final moisture content 
was 7-8%. The chemical composition of the carbo- Sweetpotato flour was furiher tested by using a 
hydrate content of the three varieties was not different cooker extn der. Substituting 40% sweetpotato flour for 
as shown in Table 11. The percentage of yields after rice flour obtained an acceptable product. The process
drying based on whole roots was 20.7-21.52% as shown is being developed for use in commercial products. 
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Table 5. Starch quality of 34 sweetpotatows varieties. 

(%)composition (as dry basis) 

No. Varieties Moisture Fiber Ash Protein Amylase Amylopectin 

1. Mae-Jo 11.95 0.65 0.30 0.19 30.51 69.49 

2. Ais 057-4 5.45 0.56 0.39 0.20 27.55 72.45 

3. 1leartegold 13.88 0.68 0.53 0.49 24.49 75.51 

4. Pis 091 8.04 0.72 0.45 0.18 24.21 75.79 

5. Pis 094 8.53 0.73 0.51 0.14 25.40 74.60 

6. 04.Roi-EI-7 4.46 0.61 0.31 0.11 24.31 75.69 

7. TIs 8250 5.50 0.71 0.76 0.09 24.00 76.00 

8. Centenial 

9. E-Kaa 7.16 0.68 0.50 0.10 23.68 76.32 

10. Huay-Si-Thon 5.75 0.68 0.63 0.10 27.16 72.84 

11. Negro.2 9.66 0.68 0.44 0.16 23.31 76.69 

0.25 0.08 25.35 74.6512. 010-1 9.95 0.71 
13. Norin-03 11.44 0.59 0.46 0.29 19.21 80.79 

14. Tainung-69 5.64 0.59 0.30 0.13 25.36 74.64 

15. V20-429 6.11 0.25 0.37 0.13 25.52 74.48 

0.26 0.53 0.25 26.00 74.0016. V16-12 9.90 
17. llao-Dang-Jal-Kao 9.46 0.24 0.33 0.19 25.57 74.43 

18. Horn-Mali 11.94 0.71 0.49 0.19 26.31 73.69 

19. Pis 57-28 10.41 0.42 0.54 0.17 23.55 76.45 

20. Negro-Ayuthaya 10.00 0.50 0.85 0.28 11.83 88.17 

21. P'akchong-Ayuthaya 9.35 0.55 0.75 0.18 23.89 76.11 

22. Philippines 11.44 ..- -. 22.74 77.26 

23. Ob-Cheuy 8.87 0.23 0.46 0.27 23.89 76.11 

24. llao-Kao.Jai-Muang 9.11 0.92 0.64 0.34 24.32 75.68 

76.1625. Mun-Kai-Sukothai 9.04 0.32 0.35 0.25 23.84 

26. Mun-Soy 11.57 0.21 0.18 0.37 27.21 72.79 

27. Mun-Kasct-Nakorn 7.68 0.96 0.39 0.43 27.78 72.22 

28. Po.Mo.PoJo.2 7.94 0.33 0.61 0.46 30.47 69. 3 

29. Munkao-Sukothai 8.95 0.29 0.31 0.32 27.52 72.48 

30. Malaysia 7.44 0.49 0.37 0.01 30.47 69.53 

31. Sree-Varndhini 7.42 0.25 0.46 0.16 29.84 70.16 

32. Taiwan-Munkoa-Chiangmai 7.71 0.31 0.62 0.20 27.26 72.74 

33. Mun-Don-Nakorn 6.74 0.46 0.71 0.27 28.78 71.22 

34. Kao-Chine-Patalung 7.38 0.53 0.74 0.24 29.05 70.95 

Aver .ges - - -- 25.45 

Standard deviation 3.4b 

Avillage-style texturizer was used to develop sweet- sweetpotato flour products have not been available at 
potato flour products for cottage-level processing. The the commercial level, especially as appropriate technol
formulated products and quality need more study to ogy at the economical scale required by the local snack
prolong ihe shelf life. food industry. 

There are more sweetpotato flour products being 
developed for the processing industry.The utilization of 
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Table 6. Yield of fractionated product by salting out in 11% magnesium sulfate solution. 

pl of solutiona
Starch 

(g) 6.3 6.75 6.75 (filtered) 

1 42.95b 52.85a 39.21 c 
2 21.10L 28.00d 20.30e 
3 14.78 18.58L 15.07f 

aValues within acolumn or row not having the same letter are significantly different at P =0.01. 

Table 7. Yield or fractionated product by salting out in magnesium sulfate solution and one 
gram s arch. 

p I of solutiona 
MgSo 4 

(%) 6.3 6.75 6.75 (filtered) 

11 42.95bcd 52.85ab 39.21cd 
12 47.34ahc 54.94a 37.46cd 
13 47.65abc 55.3a .36.19d 

aValues within acolumn or row not having the same letter are significantly different at P=0.01. 

Table 8. Yield of fractionated product by precipitation with BluOll. 

Starch content (wet basis, gram) a 

12.5 15 

Concentration BuOl I (m 1) 
of 1C1 (N) 7.5 15 7.5 15 

0.1 12.53gh 11.37h I 1.63gh 10.89h 
0.05 
0.025 

20.81 f 
30.16cdc 

19.34fg 
22.76ef 

21.12f 
31.81 cd 

19.23fg 
24.45def 

0.01 37.06abc 35.63bc 45.80a 42.16ab 

"Values within acolumn or row not having the same letter are significantly different at P=0.01. 

Table 9. Amylose content in fractionated product by precipitation with BuOll. 

Starch content (wet basis, gram) a 

12.5 15 

Concentration l3uOll (ml) 
of IC1 (N) 7.5 15 7.5 15 

0.1 41.89fg 46.79cf 37.53gh 35.43h 
0.05 51.30abcde 58.9& 48.28e 50.14bcdc 
0.025 49.07cdc 55.37abc 46.79cf 54.58abcd 
0.01 47.98e 56.78ab 46.72ef 48.45de 

aValues within acolumn or row not having the same letter are significantly different at P=0.01. 
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Table 10. 	Weight, moisture content (%) and weight change (%) of thiree sweetpotato varieties, dried 
in a cabinet air dryer at 50oC. a 

Change Weight 	 Weight 
Time (hr) in weight (g) change (%) loss (g) Loss (%) 

Mae-Jo variety 
0 1,0(X).O 0 0 0 
1 679.5 67.95 320.5 32.05 
2 442.7 44.27 557.3 55.73 
3 330.2 33.02 669.8 66.98 
4 302.0 30.20 698.0 69.80 
5 300.0 30.0 700.0 70.00 

E-Kaa variety 
0 1,000 0 0 0 
1 794 79.40 206 20.60 
2 423 42.30 577 57.70 
3 294 29.40 706 70.60 
4 2-56 25.60 744 74.40 
5 248 24.80 752 75.20 

Kaset variety 
0 1,000.0 0 0 0 
1 762.5 76.25 237.5 23.75 
2 572.5 57.25 427.5 42.75 
3 392.5 39.25 607.5 60.75 
4 290.0 29.00 710.0 71.00 
5 285.0 28.50 715.0 71.50 

aFigures are based on a staring weight of one kg (1,0() g). 

Table 11. 	 Chemical composition (%) of sweetpotato flour. 

Chemical composition (as dry basis) 

Varieties 	 Moisture Ash Fibre Fat Protein Carbohydrate 

Mae-Jo 8.37 2.30 2.25 0.52 6.48 88.45 
E-Kaa 8.85 2.89 2.17 0.48 5.33 89.13 
Kaset (commercial) 7.86 2.11 2.26 0.49 4.61 90.53 

Conclusion 	 flour can be substituted for rice flour in snackfood 
processing. The experiments discussed in this paper 

ThPe 34 sweetpotato varieties were used for starch analysis could be developed into techniques for the food process
and extraction. The high amylase variety Mae-Jo was ing industry. 
studied for fractionation. The separation of amylase 
from sweetpotato starch was obtained by the forming of 
an amylase complex with 1-BuOl t and diluting t C with 
a 49.07% amylase content. The method could be furt her References 
developed for producing an edible film for the food 
processing industry. Three varieties were studied for Association of Official Analytical Chemists (AOAC). 
flour production. Up to 40% uncooked sweetpotato 1984. Official methods of analysis of the As
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Small-scale Equipment for Processing
 
Food Products from Cassava
 

FelixJ.Amestoso andAgustin L. Dignos1 

Abstract 

Several types ofsmall-scale equipment have been developed at the Visayas State College of Agriculture
(ViSCA) for processing cassava into dehydrated cubes, grates, and fried strips and slices. The operating
capacities were 181 kg/hr for the pedal-operated cuber-sorter; 86 for the strip cutter; 72 for the slicer, and 
50 for the grater. 

Key words: small-scale equipment, cuber-sorter, strip cutter, slicer, grater-pulverizer, dehydrated cubes, 
fried strips, fried slices, dehydrated grates. 

Introduction 

Cassava is an important crop in the Philippines in terms 
of total production and hcctarage, ranking third as a food 
crop following rice and corn. It is mainly used for 
human food, and in manufacturing and animal feed 
(Truong et al. 1990). It is also utilized in many different 
traditional snack items. Processing is usually done by
household processors with school children and low-in-
come people as the main consumers. 

Apparently, poor product quality and low profit
ability are the major barriers to increasing productivity 
(Alkuino and Truong 1986). To address these problems, 
current research on cassava processing and utilization 
for food includes the improvement of traditional pro-
ducts and processes, and development of new ones. Tle 
products developed for processing cassava as food are 
classified into fried chips/strips prepared from fresh 
roots; baked, puffed, and steamed/boiled products from 
cassava flour and dried grates; and dried cubes. e 
related research has included development of the pro
cesses as well as design and modification of needed 
equipment (Truong et al. 1990). 

This paper presents the development of small-scale 
equipment used in the processing of food products from 

cassava, specifically those that do not pass the flour 
stage. It describes their operation and performance, and 
recommends further improvements. 

The Need to
Develop Equipment 
The processing parameters standardized in processing 
the established products include among other things the 
size of the products. 

For Dehydrated Cubes 
y
 

The processingofdehydrated cubes includes the cutting 
of peeled cassava roots into 1/2-inchcubes, steam cook
ing, and dehydrating (Truong et al. 1988). The de
hydrated cubes are part of a developed product 
prototype, the "guinata-anmix" for possible export to 
po o ad.
 

Filipinos abroad. 

For Fried Strips 

The processing of fried strips or "fried sticks" needs 
peeled cassava root to be cut into 7 cm long cylinders, 
then into strips 5 mm thick, blanched, soaked in 2% 

Assistant Professor and Science Research Assistant, Food Technology Section, Department of Agricultural Chemistry and Food
Science, Visayas State College of Agriculture (ViSCA), Baybay, Leyle, Philippincs. 
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(w/v) brine, fried, soaked in 50* Brix syrup, refried, and 
packed in plastic bags ready for consumption (Ames-
toso and Truong 1990). For these processes, the perceived 
need is for equipment able to cut cassava uniformly into 
the desired sizes and to sort the cuts at a reasonable 
capacity. The equipment should be efficient enough to 
allow for possible scaling up of the process. Manual 
cutting and sorting needs to be eliminatc'J because it is 
very laborious, time-consuming, and difficult to prod-
uce cubes and strips of uniform shape and size. 

For Fried Slices 

Fried cassava slices are processed by cross-sectionally 

slicing peeled cassava roots into 1-1.5 mm thick slices, 
soaking either in syrup or brine and frying (Amestoso 
and Truong 1990). For these very thin slices, the need 
is for a slicer that produces slices of uniform thickness 
and of a desirable shape. 

For Dehydrated Grates 

The processing of dehydrated cassava grates as a flour-
like material is done traditionally to extend the avail-
ability of cassava for the processing of traditional food 
products likeputo,shakoy, and.,unan.Being relatively 
stable, the product was considered as having commer-
cial potential (Alkuino and Truong 1986). Dehydrated 
grates are produced by grating peeled cassava roots, 
extracting the juice, pulverizing the compacted pulp, 

and dehydrating. The essential equipment needed for 
village-level sized reduction ope rations are the grater 
and pulverizer. 

Development of 
Small-scale Equipment 

Equipment has been developed following the criteria of 
functionality, ease in fabrication, operation and main-
tenance, sanitation, availability of fabrication materials, 
and low cost. 

Cuber-Sorter 

Cubing of root crops was attempted by Orias (1984) 

using three designs: a shearing lever, a dice-puncher, 
and a press-cutter. The shearing lever cuts roots cross-
sectionally before cutting them into squares, while the 
dice-puncher and press cutter have blades arranged in 
grids for cutting cubes from pre-cut slabs. Guarte'and 
Truong(1986) reportedanother cuber usinga steel shaft 

machine in which ten circular flanges served as slicing 
blades spaced at 1/2 inch intervals and flat bars serving 
as dicing blades arranged as spokes of a wheel rotating 
perpendicularly with the slicing blades. The device used 
pre-cut slabs as the starting material for slicing, fol
lowed by dicing. Although the device could cut the slabs 
duringslicing, the cuts produced during dicing were not 
really cubical in shape but more rhomboid. The dicing 
blades cut the slices in their upward turn producing the 
less desirable shapes of the cuts. Moreover, the device 
needed to be operated by two persons, one rotating the 

crank and another feeding the slabs. To solve these 
problems, other designs were tried. The results are 
discussed below. 

The first prototype fabricated was a pedal-operated 
machine which used a blade assembly made of two 
types of fixei blades: a single blade for cutting a strip 
from the slab and a row of equally-spaced multiple short 
blades to cut the same strip simultaneously into cubes. 

Fhe blade assenbly was designed to move vertically in 

a reciprocating pattern while cubing the horizontally
fed slabs. This design worked quite well in the initial 
cuttings, but problems developed in subsequent cutting 
operations. This was due to the cutting platform being 
clogged with the trimmings which blocked the move
ment of incoming slabs. This caused the production of 
cuts of less than the desired size. Moreover, this arran
gement was not easy to clean and relatively dangerous 
due to the way the slabs were fed and due to the exposed 
moving blades. Also, the chute provided with screens to 
serve as sorter did not operate very well because it was 
non-moving. 

Modifications were then made to improve the pro
totype. The same blade assembly was used in the second 
prototype, but itwas oriented to cut horizontally while 
slabs were gravity fed vertically. Also, a reciprocating 
sorter was added. This model appears to have solved all 
the problems of the previous prototype. The cubes were 
produced in uniform shape and size, discharged easily 
catusing ao clogging, sorted faster and more effectively, 
and cut by a covered blade assembly en.uring safety 
during operation (Fig. 1). 

Description of Developed Cuber-Sorter 

The cuber-sorter is composed of four essential com
ponents: (1) the wooden frame, (2) blade assembly, (3) 
power transmission system, and (4) the vibrating sorter. 
It covers a floor area of 0.70 x 1.75 m and has a height 
of 1.27 m. 
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Figure 1. Cross-sectional view of the cuber-sorter in operation. 
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A -trimmings 
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The wooden frame houses the blade assembly at the 
top while the vibrating sorter is located directly below 
the blade assembly. Power is transmitted to the blade 
assembly with the use of a rotating disc and a connecting 
rod. The disc in turn is rotated by a chain connected to 
pedal power. The sorter is made of 1.25 x 1.25 cm 
welded screen which serves as the main sorter. Below 
this is aluminum wire mesh serving as a collector for 
the trimmings. 

Operation 

Root cropslabsare fedintothecuber-sorterwhilepdal 
power is applied. The reciprocating blades cut the slabs 
into cubes and, together with a set of ejectors, discharge 
the cubes to the reciprocating sorter.The cuber-sorter is 
operated by only one person. 

root crop slabs 
h 

blade assembly 

ejecting
mechanism 

Performance 

The average cubing output of the cuber-sorter at the 
normal pedalling speed of 60 rpm is 181 kg/hr which is 
about 55 times faster than the manual cubing capacity 
of 3.27 kg/hr. The recovered cubes including 75%
cubed cuts range from 65-70%. 

Strip Cutter 

The development of the strip cutter followed stages 
similar to the cuber-sorter. The earlier designed strip
cutter was a vertical cutting prototype. The modified 
one was designed following most of the features of the 
improved cuber-sorter. It has basically the same com
ponents. The main difference is in the thickness and 
length of the cuts. This required that there be a dif
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ference in the spacing of the multiple cutting blades and 
the size of the hopper. The strip cutter uses 7 cm long 
pre-sized root pieces as starting material for cutting 5 
mmthickstrips.Therootsare fed longitudinally parallel 
with the direction of cutting. At the normal pedalling 
speed of60 rpm, the capacity of the strip cutter is about 
86 kg/hr at about 50% recovery of intact strips, 

Slicer" 


A number of slicers exist to produce cassava chips for 
flour processing. The feature common to these ma-
chines is the production of various thickness and ofien-
tation of cuts. Slicing the raw material for fried cassava 
chips needs to be done cross-sectionally for more uni
formity of the slices in terms of shape and thickness. 

Using the basic operation of the Visayas State Col
lege of Agriculture (ViSCA)-developcd strip cutter, a 
slicer was designed. The main difference is the absence 
of an ejecting mechanism and the multiple cubing blades 
in the blade assembly. The gravity feed for roots to be 
sliced was adopted becauseonly thebladeassembly was 
changed. The capacity of the slicer at normal pedalling 
speed of 60 rpm is 72 kg/hr with a recovery of about 
95% of the raw material. 

Grater-Pulverizer 

In the production ofcassava grates, the basic equipment 
is the grater. Existing graters use metal sheets punctured 
all over their surfaces to serve as the cutting surface. 
Problems associated with this design are clogging with 
the cassava pulp and fibers of the spaces in between the 
punctures. This makes the cutting less effective during 

sustained operation and makes the cutting surface more 
difficult to clean. To solve this problem, the blade 
assembly and the hopper assembly were modified for 
the prototype (Fig. 2). The cutting surface of the grater 
was provided with punctures arranged in straight lines 
along the axis of rotation and placed one inch apart. The 
hopper assembly together with the clearance adjoster 
mechanism was made to open for easier cleaning after 
operation. The grater could produce grates at 50 kg/hr 
at normal pedalling speed of 60 rpm and 150 kg/hr using 
a 1/2-hp motor. 

Juice is extracted from the grates using a platen-
type extractor. The compacted grates are then returned 
to the grater for pulverizing, which readies them for 
sifting to separate out the fibers, and final drying. The 
grater functions both as a grater and pulverizer. 

General Discussion 

The developed equipment met most of the criteria ini
tially set. However, further work needs to be done in 
improving the usefulness of the machines. This will be 
done in collaboration with the target clientele during 
pilot testing of the technology. The limitations of the 
usefulness of the equipment seem to be tied up with the 
products developed by the individual equipment. How
ever, this need not be true for size reduction equipment 
such as cuber-sorters, which can be used for other 
commodities with little modification. As such, the equip
ment are themselves products of the whole process of 
technology development. 

Conclusion 

A number of the products developed to address the 
problems observed in the small-scale processing of food 
products from cassava needed specific equipment to 
facilitate the processing operations involved, to ensure 
greater quality control, and to increase cost-effective
ness of the operations. The equipment developed were 
the cuber-sorter, strip cutter, slicer, and grater-pulverizer. 
This equipment was developed based on functionality, 
ease in fabrication, operation and maintenance, sanita
tion, availability of fabrication materials, and low cost. 
Further work remains, however, for improving the use
fulness of the equipment during pilot testing in order to 
come up with truly appropriate technology and an im
proved product. 
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Figure 2. Pedal-operated root crop grater-pulverizer (drawing shows blade assembly open). 
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Cassava Flour Processing: ViSCA's Experience
 

Alan B. Loreto1 

Abstract 

Cassava flour is generally made following the typical processing operations: peeling, washing, chipping, 
drying, grinding, and sieving. 

The Philippine Root Crop Research and Training Center (PRCRTC), through its Engineering Section, has 
developed various small-scale equipment for root crop i,)ur processing. To maximize the utilization of 
cassava flour, theDepartment ofAgricultural Chemistry at.,1Food Science (DAC-FS) of the Visayas State 
College of Agriculture (ViSCA) did research on the substitution of wheat flour with cassa%"iflour. 

The flour processing and utilization technology was disseminated to Hindang and Silago, Leyle. Evaluaticn 
results showed that the use of cassava flour as asubstitute for wheat flour still needs thorough economic 
analysis. Whether a small-scale plant should be set up or a linkage with the existing wheat flour millers 
made, remains one of the important issues for research. 

Key words: equipment, processing procedures, case studies. 

Introduction 

Tropical root cropsareastaple fod for4()-500million
peopil prticurloo ind 4aX)-5 fri ilionpeople, particulrly poor peplepeple in Asia, Africa, and 
wa3tin America. In 1985, world production of cassava 
was 1.36 million t, sv.etpotato was Ill, yam was 26, 
and taro was 5.6 (Fr.o 1986). Iathe Philippines. freshly 
harvested cassava roots are usually consumed directly 
, food. However, -1arge fraction isalo processed into 

dried products such as chips, flakes, pellets, and starch. 
In 1989, the country exported a total of 405,580 I of 
cLssava flour and ca"sava meal to other countries. This 
volume is 30% higher than that exported during 1988. 
An incrcse in the demand for cassava flour, due to 
increased consumption inbakcd prodicts, has also been 
observed in the domestic market (Dianiantc 1987). Re-
cently, the er, -alating price of wheat flour in toic Philip-
pines has triggered flout/starch users to utilize casmsava 
flour instead of wheat flour (Bulayog 1990) tHowever, 

the supply of raw materials for cassava flour/starch
proce!. ing is quite low; hence, factories are operating 
at less than capacity. As a consequence, the demand for 
cassava flour cannot be met. With the aim of meetingthis demand, the Philippine Root Crop Research and 
Trining Center (PRCRT), through its Engineering See
tion, initiated research on village-scale root crop flour 
processing. Much of the staff's efforts have been con
centracd on the development of processing machines/ 
equipment that can be used under rural conditions. 

Process Operation 

To produce c-,sava flour, roots are peeled, washed, 
chipped, dried, ground or milled, and then sieved (Fig. 1). 
Among the processes, peeling and drying are the most 
tedious and time consuming, not to mention the selec
lion of raw material for processing. 

Researcher, Philippine Root Crop Research and "rining (enter (ICR'TC), Visayas State College of Ariculture (ViSCA), Baybay, 
Leyte, Philippines. 
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Figure 1. Diagram ofcassava flour processing. 
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Peeling 

Peeling is necessary in order to reduce the hydrocyanic
acid (HCN) content of the roots. The peel (cortex) con
tains 60-70% of the total cyanide content of the roots. 
while the parenchyma tissues contain only 30-40% HCN 
(lwatsuki et al. 1984). Hence, removing the peel sub
stantially decreases the cyanide content of fresh roots. 

Another consideration supporting peeling before 
processing is the pesence of the brown peel (periderm) 
in the fine flour. This also results in high ash content and 
produces dark tints which may be perceived as dirt. 
Thus, not peeling the roots could lower flour quality. 

To date, PRCRTC has yet to develop a peeler for 
cassava, although attempts were made to design one. 
The irregularity in the shape of the roots is the primary
problem in designing such a peeler. The Center still 
relies on hand peeling (using a knife or a bolo) which 
constitutes about 43% of the total labor cost in flour 
production. 

Washing 

Washing after peeling is done to thoroughly clean the 
roots. This can be accom plished faster using the PRCRTC 
hand-operated root crop washer. It consists of a rotary 
cylinder made of slotted flat bars fixed at a certain 
degree of inclination for better washing. It also has a 

sump that holds approximat0- 32 liters of waterper batch at loading. Despite teing manual, ithas a rated 
capacity of 300-500 kg/hr depending upon the strength 
of the operator. 

Chipping 
Chipping is the first size reduction operation in flour 
processing. It is important to facilitate drying of the 
roots. Re.ults of experiments at PRCRTC indicated that 
chip configuration can significantly affect loading den
sity and drying time. Cylindrical chips (7 x 50 mm) can 
be dried ii23 hrs at a loading density of 5 kg/m 2,while 
flat chips (3 mm thickness) can be dried in 23 hrs at a 
loading density of 3 kg/m 2. 

Chipping can be done faster using the PRCRTC 
pedal-operated chipper/grater, which is operated similar 
to a bicycle. Only one person is needed to operate the 
machine. It is economically efficient because while the 
feet are pedalling, tho hands are used to feed the roots 
into the hopper. Its chipping capacity is 500 kg/hr at 
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normal brisk speed. The chip produced is cylindrical in Grinding 
shape and has an average dimension of 7 x 50 mm. 

Drying 

The chips can be dried under the sun. They can also be 
dried using natural convection or forced-air dryers. In 
solar drying, we recommend that chips be placed in 
inclined trays at a loa density of 5 kg/m 2 for cylin-
drical chips, and forchipskg/r for flat 

For artificial drying, PRCRTC modified the tapahan 
dryer (designed for copra) to suit the drying require-
ments of root crops. A 2 x 3 m dryer has a capacity of 
200 kg per 7 hrs of drying time. 

Tabiananet al. (1988) also developed a cabinet-type 
root crop chip dryer with a capacity of 100 kg/hr. The 
main feature of this dryer is the presence of a heat 
exchanger made from a used oil drum which is con-
nected to the furnace. The '.cat exchanger is situated 
below the drying floor and has a chimney to channel the 
smoke away from the chips. Hence, only the hea.ed air 
goes to the chips to dry them. 

Another type ofdryer used by ViSCA isthe forced
draft dryer. It has a burner and a suction fan to force the 
heated air to go into the drying chamber. It has a capacity 
of 1,000 kg per 7 hrs drying time. The fuel consumption 
of the engine is 8 liters of gasoline and of the burner 25 
liters of kerosene per hr. Drying temperature is regu-
lated at 60-70"C which is suitable for drying cassava 
chips. This temperature range, according to Cooke (1983), 
removes 25-30% of the bound cyanide, while a higher 
temperature range (80-100"C) removes only 15-20% of 

'e cyanide content of the chips. 

This is the second size reduction operation in flour 
processing. PIRCRTC uses attrition grinders for this step. 
There are two commercially available grinders: the 
Almeda Cottage Industry motor-operated grinder and 
the modified corn grinder. The former, which is a rice 
grinder, has a capacity of 50-60 kg/hr, while the latter 
has a grinding capacity of 150-100 kg/hr of crude flour 
when powered by a 1.5 hp electric motor. Comparing 
the two grinders, the modified corn mill is more accept
abledueto its availability, lowcost, and highercapacity. 

Sieving 

To separate the fine from the coarse flour, the crude 
flour should be sieved. The fine flour can already be 
used in the preparation of various products, while the 
coarse flour can be remilled to recovera certain percent
age of fine flour. For faster sieving, PRCRTC developed 
a root crop flour finisher. The main component of the 
machine is its silk screen (110 T) (Tan 1990). The fine 
flour passes through the screen and is collected in its 
receptacle, while the coarse flour travels to one end of 
the cylinder before dropping to its receptacle. It has a 
capacity of 20 kg fine flour per hour. 

Quality and Storage 
of Chips and Flour 

Chip quality is an important factor in flour processing. 
Sajise (1991) standardized the quality of cassava chips 
for food and feeds (Table 1). The standardized quality 
approximates the quality standards of different firms 
engaged in dried cassava chips trading in the Philip
pines. 

Table 1. PRCRTC quality standard of dried chips for food. 

Attributes High quality 

Moisture content (%)(Wb) 10-12 
Starch content (%) 76-85 
Ash content (%) not >1.8 
Crude fiber (%) not >2.1 
Presence of peels peeled 

Other Totally clean and devoid of foreign 
matter, without fungal contamination 
or insect infestation 

Standard quality 

12-14 
66-75 
1.9-3.00 
2.2-5.0 

Usually peeled 

With minimal foreign matter; 
minimal fungal contamination 
or insect infestation 
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In terms ofstorage, Data (1991) recommended that 
chips must be stored in polyethylene plastic bags with 
a thickness of .005 mm. Using this method, the chips 
can be stored for six months with no aflatoxin con
tamination detected. 

For flour, the same packaging material was recom
mended. However, Data (1991) emphasized that the 
plastic bags should be properly sealed so that entry of 
insect pests is prevented. Both the chips and the flour 
can be stored at room temperature. 

At the PRCRTC processing laboratory, it was found 
that there are a lot of insect species that attack both the 
chips and the flour. The most prominent among these is 
the Triboliumcastaneum,or rust red flour beetle (Table 
2). However, insect infestation by this pest can be easily 
prevented by sanitation or spraying with systemic chem-
icals such as Azocord. 2 

Uses of Cassava Flour 

Research on the utilization of cassava flour has also 
been conducted at ViSCA. Results show that cassava 
flour can substitute for wheat flour in some food pro-

ducts at different levels ranging from 10-100% (Table 
3). With the increasing trend of flour demand at 7-8% 

p a of substitution could generae10% level 
per year, a savel ountin to gener90e
foreign exchange savings amounting to US$ 329,000 

(Roa 1991). Hence, the use of cassava flour has great
potential to contribute to the Philippine economy. 

Technology Transfer 

After a series of evaluations, the cassava flour process
ing and utilization technology was confirmed to be 
ready fordissemination. Attempts were made by ViSCA 

Table 2. Insect pests attacking chips and flour. 

to disseminate the technology to rural areas. Two of 
these areas were Hindang in Leyte and Silago in south
erm Leyte. 

Hindang Case 

The type of business set-up in this case was a sole 
proprietorship. This means that the owner is the man
ager, purchaser, and even one of the workers. 

Before engaging in cassava flour processing, the 

processor had been producing chicharon using wheat 
flour as the main ingredient. His interest in cassava flour 
as a substitute for wheat flour in producing chicharon 
started after attending the PRCRTC anniversary celebra
tion which showcased different food products from root 
crops. Dried cassava chips were commonly available, 
hence, milling and sieving were the only operations he 
had to set-up. He requested technical assistance from 
ViSCA in setting up a cassava flour mill. VISCA granted 
his request. In the beginning, the business was quite 
profitable. The flour that was processed was used in 
making chicharon. Later, the processing capacity was 
expanded to supply flour to nearby bakeries. However, 
when the price of dried chips increased by as much as 
70%, the processorwas not willing to continue process
ing flour because the business was no longer profitable. 
Also, he encountered problems in marketing his flour.
Somebakers complained that mixingwheat andcassava
flour was more laborious and would increase the cost of 
prouc ake prous Thu, thetpe bi
producing bakery products. Thus, they stopped buying 
cassava flour. With all these negative factors, the flour 

processor discontinued the business. 

Silago Case 

The uses of cassava flour processing and utilization 
technology were introduced to an existing farmers' 

Common name Scientific name Chip Flour 

Coffee bean weevil Araecerus fasciculatus + + --

Foreign grain beetle Ahasverus aic,ena + + + 
Rust red flour beetle Tribolium castaneum + + + + 
Cigarette beetle Lasiodermaserricorm + + 
Flat grain beetle Crytolestes sp. + + 
Hide beetle Dermestes -- + 

2 E. A. Vasquez, personal communication. 
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Table 3. Food products utilizingroot crop flour as substitute to wheat flour. 

Name of product 

Yeast bread 
Cinnamon roll 
Pan de sal 
Hot roll 
Loaf bread 

Quick bread 
Paborita 
Cheese crackers 
Cookies 

Doughnut 
Fried cheese sticks 
Gollorias 
Muffins 

Butter cake 

Chiffon cake 
Marble cake 
Royal bibingka 

Other products 
Chicharon 
Soy sauce 

Level of 
substitution (%)a 

50 C 
20 C/SP 
20 C/SP 
10 C/SP 

50 C 

50 C 

60 SP 
50 C 
100 Yam flour 
50C 
50 C 
50C 
50 C 
100 Yam flour 
100 C 
50 SP 
100 C/iS1 
50 SIl 
50 SP 

100 C 
100 C/SP 

ac = cassava flour; SP = swectpotato flour. 

cooperative. Some of its members learned about the 
technology when they attended a training on root crop 
production, processing, and utilization organized by the 
Regional Training Center for Rural Development (RTC. 
RD) based at ViSCA. Cassava was common in theirarea, 
so they decided to try the technology. At first, interested 
cooperative members processed root crop products on 
a very small-scale. Later, the cooperative set up a bakery
which uses a certain percentage of cassava flour for 
selected products. Flour processing was done by the 
members themselves at a centralized processing area 
near the bakery. To date, their bakery is still using 
cassava flour for selected food products. 

Conclusion 
Analysis of the two cases points to the fact that the 
potential of using cassava flour as a substitute to wheat 
flour still needs a thorough economic analysis. Whether 
a small-scale plant will be set up, or a link with existing 
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Formulation and Evaluation of Sweetpotato 
and Cassava Chiffon Cake 

L. S. Palomar1 

Abstract 

Cakes, cookies, and other products made from wheat flour have become a widely accepted part of the
Filipino diet. As considerable wheat flour is currently imported, growing interest exists in developing
substitutes or extenders forwheat flour in baked goods. This paperIpresents research results ofexperiments
carried out to test tie substitutability ofdi ffcrcnt swcetpotato and cassava flours for wheat flour in chiffon 
cake. The findings indicate that this sort of substitution is indeed quite promising. 

Key words: Philippines, flour, experiments, taste pancls. 

Introduction 
Bakery products are now popular in the Philippines as 
snack foods and are well acccpted as a part of the 
Filipino diet (Arroyo 1974). Wheat flour, the most 
important and main ingredient in bakery products, how-
ever, is imported and thus commands a ligh price. To 
partly solve this problem, a search has been made for 
wheat flour substitutes or extenders. Root crops have 
been identified to have some potential. 

Early studies showed the possibility of using swet-
potato and cassava flours as partial substitutes for wheat 
flour, but not as the main ingrcdient in yea.st leavcned 
breads. Itwas reported that9cassava and swectpotato 

flour could substitute for only up to 20% in breads 
(Palomar et al. 1981). However, higher levels (about 
50%) of substitution are possible in quick breads like 
muffins and cookies (Monscrate 1985; Lauzon et al. 
1984). 

The Research Project 
Therefore, a study was conducted to determine the 
suitability of using 100%sweetpotato flourand cassava 
flour in chiffon c,ke and other similar products. It was 

assumed that if swcetpotato flour and cassava flour can 
partly substitute for all-purpose flour in yeast and quick
breads it might completely substitute for wheat cake 
flour in cakes like chiffon cake, considering that cake 
flour contains the lowest aimount of protein (gluten) 
among the wheat flours. 

Objectives of the Study 

This study wats conducted specifically in order to: (1)formulate chiffon cake from sweelpotato and cassava
fou (2) e a ets se ccptatyand con
flour; (2)cvaluatc itssensory acceptability and con
sumer acceptability; (3) formulate a cake flour from 
swcctpotato and cassava and evaluate its suitability in 
the earlier formulated products; and,(4)determine its 
shelf life. 

Procedure and Methodology 

Flour Processing 

Swecipotato and cassava were processed in the lab
oratory by following the steps. 

Professor, Department of Agricultural Chemistry and Food Science (DAC-FS), Visayas State College of Agriculture (ViSCA), Baybay,
Leyte, Philippines. 

255 



Development of the Products 

Chiffon cake from 100%sweetpotato flour and cassava 

flour was processed following standard procedures and 
combinations for the purpose of considering the dif-
ferences observed between sweetpotato flour and wheat 
cake flour. When sweetpotato and cassava flours were 
used in the processing of these products, the amounts of 
flour, liquid, and baking powder were adjusted as necessaryweePrductalo mde fom heatflor~ sary. Products were also made from w hea t fl our asapplicable. Three to four treatments were used. They 
were replicated at least two times. Formulations were 
scaled down to about one quarter of the original for-
mulation for ease in evaluation, 

Sensory Evaluation and 
Consumer Acceptability Testing 

Sensory evaluation was carried out to determine the 
acceptable treatments of chiffon cake. The different 
products were presented to a group often trained panelists 
from the Department of Agricultural Chemistry and 
Foud Science (DAC-FS) to evaluate the products for 
color, aroma, flavor, texture, and general acceptability. 
The standard procedure for sensory evaluation was 
followed using the hedonic scale. In addition, a panel of
50 tasters were selected randomly from different areas
to determine the common acceptability of the products. 

Physical Property Measurement/Evaluation 

The volume of chiffon cake was determined using a 
modified seed displacement method (Claudio et al. 1977). 
A big wooden box with funnel and ruler were used 
instead of the seed displacement machine, 

Statistical Analysis 

Data obtained from the different tests were analyzed 
using analysis of variance (ANOVA), following a ran-
domized complete blockdesign. Significant differences 

among treatment means were determined using thi 
Duncan's Multiple Range Test (DMRT). 

Results and Discussion 

Standardization 
Chiffon cake from sweetpotato was made by followingt e t n a d f r u ai n o e e ,i a b e v dt athe standard formulation. However, itwas observed that 
the consistency (ability to flow) of thebatterwas thicker 
than thewheat flour formulationwhen thesameamount 
of liquid ingredient was used. Therefore, more liquidwas added to the sweetpotato formulation to have the 
same consistency as that of the wheat flour. Chiffon 
cake can be made from sweetpotato flour; however, first 
attempts were not acceptable especially in terms of 
texture. Therefore, more refinements were made to de
velop a better and more acceptable product. 

Sensory Evaluation 

Cin cemd h w tfrom swecpotat lu 
pineapplejuice or tru-orange pop cola as the liquid wasless acceptable in terms of color, aroma, flavor, and 
texture to panelists compared with one made from wheatflour. The ratings, however, were within the "like mod
erately" category in the hedonic scale. Results from this 
test are shown in Table 1. The low rating in this test 
might be due to the differences in color between wheat 
flour and sweetpotato flour. Foster Meggos (1989) re
ported that food selection or judgment of food quality 
is conditioned by its color. Attractive foods are sought 
out as pleasure-giving, and can significantly increase 
our desire/appetite for it. 

Colored masks were used in the succeeding evalua
tion to eliminate the bias against sweetpotato products. 
The results showed no significant difference in texture 

Table 1. Mean sensory scores or chiffon cake from 100% VSP-6 flour with either tru-orunge or 

pineapple juice.a 

Types of liquid 

Control 
Tru-orange 
Pineapple juice 

Sensory quality 

General 
Color Aroma Rlavor Texture acceptability 

8.25a 8.00a 7.98a 8.15a 8.18a 
6.78b 6.93b 7.10b 7.15b 6.94b 
7.18b 6.88b 7.13b 6.85c 6.84b 

aMeans ina column followed by the same letters are not significantly different at 5%level using DMRT. 
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and general acceptability (Table 2). The differences in 
flavor and aroma can be attributed to still noticeable 
sweetpotato aroma inchiffon cake. When threedifferent 
treatments of sweetpotato chiffon cake with different 
levels of baking powder were presented, the ratings 
(shown in Table 3) were higher. This finding suggests 
that sweetpotato chiffon cake is acceptable, especially
when tasted without the product made from wheat flour. 

Chiffon cake from vsP-6 flour was also processed 
with different liquid ingredients. The results show no 
significant differences in all sensory qualities (Table 4). 

This indicates that either tru-orange or water can be an 
acceptable liquid ingredient in making sweetpotato chif
fon cake. Thus, a cheaper product could be made with 
water as the liquid without adversely affecting the sen
sory qualities. 

Sweetpotato Cake Flour 
Since cake flour is formulated with the addition of 
starch, sweetpotato flour was refined by adding corn 
starch at different levels. Results of sensory evaluation 

Table 2. Mean sensory scores of chiffon cake with different leveLs of VSP-6 flour using color 
masis~a 

Sensory quality 

General 
Aroma Flavor Texture acceptability

Levels of VSP-6 flour (n.s.) (n.s.) 

Control 8.14a 8.03a 8.06 8.21 
52.80 g 7.00b 7.31b 7.10 7.13 
49.80 g 7.03b 7.33b 7.03 7.70 

aMeans in a column followed by the same letter are not significantly different at 5%level using DMRT. 

n.s. =Not significant. 

Table 3. Mean sensory scores of chiffon cake from 100% VSP-6 flour with different levels of 
baking powder. 

Sensory quality (n.s.) 

General 
Levels of baking powder Aroma Flavor Texture acceptability 

2.57 g 7.55 7.73 .7.03 7.60 
3.21 g 7.83 7.84 7.85 7.91 
3.85 g 7.60 7.89 7.92 7.76 

n.s. =Not significant. 

Table 4. Mean sensory scores of chiffon cake from 100% VSP-6 flour with different liquid 
Ingredients. 

Sensory quality (n.s.) 
Types of liquid 
ingredients Color Aroma Flavor Texture 

General 
acceptability 

Tru-orange 
Pineapple juice 
Water 

7.35 
7.65 
7.23 

7.46 
7.28 
7.25 

7.53 
7.65 
7.20 

7.41 
7.50 
7.43 

7.57 
7.49 
7.33 

n.s. =Not significant. 
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(Table 5) show that higher acceptabiiity scores were 
obtained in terms of texture and general acceptability 
with the highest level of corn starch. The product had a 
better texture. 

The possibility of using root crop starches instead 
of corn starch as a component ofswetlpotato cake flour 
was also explored. No significant differenccs were found 
in the sensory qualiiies among treatments with different 
starches (Table 6). Root crop starches, especially cas-
sava starch which can be processed locally or which is 
commercially availablel aow price, can substitute for 
corn starch in the sweelpotato cake flour formulation. 
The higher acceptability scores obtained can be at-
tributed to its soft and velvety texture and a very light 
yellow internal color of the product. 

Chiffon cake from swcetpotato cake flour and plain 
sweetpotato flour together with the control were pre
sented to agroupof taste panelists to evaluate its sensory 
quality and to test whether refinement of sweetpotawo 
cake fl,,ir improved the quality of the product. Again, 
colored ma.ks were used to eliminate the bias effect of 
swectpotato colorduring evaluation. Results showed no 

significant differences in all sensory qualities Thble 7). 
However, the sweetpotato cake flour obtained higher 
scores than the sweelpotato flour. This could partly 
prove that sweetpotato cake flour produces a better 
product. To partly improve the acceptability of chiffon 
cake made from sweetpotato cake flour, different levels 
of emulsifier were used (see Table 8). No significant 
differences wcrcobserved in flavor, texture, and general 
acceptability among treatments. Results showed that 
enulsifiers did not further improve the sensory qualities 
of the products. The higher acceptability of the control 
in temis of colora.nd aroma can be partly due to the bias 
effect of the sweetpotato colorand the noticeable sweet
potato aroma. Further evaluation using emulsifiers or 
stabilizers needs to be done. 

Cassava Cake Flour 

Since cassava also had the potential for chiffon cake 
making, cassava flour was also used in the chiffon cake 
formulation. Results showed that chiffon cake can be 
proccscd from I(X)% cassava flour from different stages 
at harvest (Table 9). No significant differences were 

Table 5. 	Mean sensory scores of chiffon cake using VSP-6 flour with different levels of corn 
starch." 

Sensory quality 

General 

corn starch (%) Color (n.s.) Aroma (n.s.) Flavor (n.s.) Texture acceptability 
Levels of 

00.0 	 7.13 7.23 7.3') 7.28c 7.01 c 

7.42 7.50 7.50b 7.37b12.5 	 7.22 
25.0 	 7.35 7.57 7.37 7.54b 7.54b 
50.0 	 7.68 7.72 7.52 7.80a 7.91 a 

aMeans in a column followed by the same letter are not significantly different at 5%level using DMRT. 

n,s. =Not significant. 

Table 6. 	 Mean sensory scores of chiffon cake from VSP-6 cake flour with different types of 
starches. 

Sensory quality (n.s.) 

General 
Type of starch Color Aroma Flavor Texture acceptability 

Corn 7.45 7.53 7.55 7.63 7.53 
Sweetpotato 7.39 7.70 7.55 7.48 7.58 
Cassava 7.53 7.68 7.65 7.63 7.70 

n.s. =Not significant. 
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Table 7. Mean taste panel scores of chiffon cake from difTerent types of flour. 

Types of flour 

Wheat cake flour (control) 
VSP-6 cake flour 
VSP-6 flour 

n.s. =not signifiaint. 

Sepsory quality (n.s.) 

General 
Aroma lHavor Texture acceptability 

7.61 7.80 7.85 7.29 
7.53 7.55 7.55 7.40 
6.9)0 7.32 7.32 7.04 

Table 8. 	 Mean taste panel scores of chiffon cake from wheat cake flour and VSP-6 cake flour with
 
different levels of emulsifier.a
 

Sensory quality
 
Levcs of 
 General 
emulsifier 	 Color Aroma Ilavor (n.s.) Texture (n.s.) acceptability (n.s.) 

Control 	 8.0& 8.[X)a 7.50 7.% 8.06
 
(.0 g 	 6.cX)b 7.39b 7.23 7.38 7.12 
0.25 g/c flour 7.1Ob 7.20b 7.38 7.43 7.13 
0.50 g/c flour 7.21 1 7.48b 7.35 7.52 7.51 

"Mcans in acolumn followed by the sne letters are not significantly different at 5%level using DMRT. 
n.s. =Not significant. 

Table 9. 	 Mean sensory scores on chiffon cuke from cassava !1our at different age levels at 
harvest. 

Age at harvest (mos.) Color Aroma 

08 7.65 7.62 
10 7.65 7.35 
12 7.48 7.49 

n.s. =Not significant. 

observed in all sensory qualities among treatments. To 
further improve the acceptability of cassava chiffon 
cake, cassava cake flour was formulated. When dif-
ferent levels of cassava cake flour were used, no sig-
nificant differences were observed in all sensory qixditis 
among treatments. Results indicate that different levels 
of cassava cake flour can be used For chiffon cake 
making (Table 10). 

To compare the acceptability of chiffon cake from 
sweetpotato and cassava, four treatments were pre-

Sensory quality (n.s.) 

Gencral 
Flavor Tcxlure acceptability 

7.65 
7.65 
7.56 

7.73 
7.50 
7.6) 

7.75 
7.65 
7.67 

sented. Results (Table 11) show that chiffon cake from 
VSl1-6 cake flour and catssava flour had no significant 
differences in all sensory qualities. In terms ofcolorand 
general acceptability, these two treatments were sig
nificantly lower than the control. However, ,iosig
nificant differences were observed between the three 
products in terms ofaroma, flavor, and gencrd accept
ability. Chiffon cake from VSP-6 flour obtained sig
nificantly lower scores. This still can be attributed to the
biLs effect of the swcetpotato flour. 
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Table 10. Mean taste panel scores on chiffon cake processed from different percent levels of 
cassava flour (CF) and cassava starch (CS). 

Levels of CF 
and CS 

100% CF 
90% CF + 10% CS 
80% CF +20% CS 

n.s. =Not significant. 

Sensory quality (n.s.) 

General 
Color Aroma lHavor Texture acceptability 

7.88 7.53 7.71 7.80 7.68 
7.93 7.52 7.83 7.88 7.89 
7.88 7.75 7.85 7.90 7.95 

Tahle 11. Mean taste panel scores o!"chiffon cake flour different type. of flour.a 

Types of flour 

Wheat cake flour 
VSP-6 cake flour 
VSP-6 flour 
Cassava flour 

Sensory quality 

General 
Color Aroma Ilavor (n.s.) Tcxture acceptability 

7.93a 7.85a 7.74 7.73a 7.99a 
7.51 b 7.58a 7.56 7.67a 7.62b 
6.58c 6.89h 7.14 7.20b 7.0(k6c 
7.46b 7.63a 7.61 7.42ab 7.4b 

"Means in acolumn followed by the same letter arc not significantly different at 5%level using )MIRI. 

n.s. = Not significant. 

Volume Analysis 

Varying the amount of baking powder gave no sig-
nificant differences in scores forsensory qualities. Higher 
volume (676.67 cc) was observed in the treatment with 
the highest amount of baking powder than the control 
(621.66 cc) using the seed displacement method. 

Conclusion 
Bakery products in the form of cakes and cookies are an 
increasing popular component of the Filipino diet. Such 

products traditionally have required the use of imported 
wheat flour as an essential ingredient. This paper has 
reported on research results aimed at identifying the 
quantity, quality, and form of substitute flows made 
from locally-produced cassava and swcelpotato that 
might be used ats a partial substitute for wheat flour in 
the preparation of chiffon cake. Based on a series of 
taste panel experiments, the findings indicate that con
siderable potential exists for this substitution in the case 
of both cassava and sweetpotato. 
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Development of Cassava Processing 
at the Village Level in Indonesia 

Djoko S. Damnardjai,S. Widowati, andAbdul Rachim 

Abstract 

Tihe development of ca;sava llour produclion in Indonesia represents an alternative for diversification 
of cassava products. It has the potcntial to incrcasc farmrcis' incomes, to extend marketing, to support
food diversification, to minimize whcat imports, and to help develop various chemical and food industries. 

Ca.ssava lour processing involves the development ofltechnologies and eqtuipment for chipping, pressing,
and milling, iswell as techniques for peeling, washing, soaking, and drying. 

The cassava fion r agroindustry is designed as a group of nucleus-plasma models. The system can be 
grouped into three models based on the capital, capability, level of knowledge, and distribution system
of raw materials. These plasma systems include Model I for the flrmcr level and Model 1Iforthe farmers' 
group level. Model Ill represents milling units with private companies or Village Cooperative Units (KUD) 
as the nucleus of the system. The milling units act as proccssors of intermediate prodtcts, i.e., dried chips
from Model I and Model I1,to be processed into cas'sava flour as final products. 

Economic analysis showed that the three models are feasible sa system to develop an agro-industry for 
czssava flour production at the village level. Under a decree fior the Ministry of Industry and Prcsidential 
Aid, 30 cassava flour milling units have been set up in seven provinces. 

Key wotds: flour, wheat imports, agro-industrial models, equipment, economic analysis. 

Introduction 

Rapid urbanization in Indonesia has led to increased 
consumption of processed food and bakery products. 
This process has raised the demand for imported wheat 
due to an absence of local production. The partial sub-
stitution of local flours made from corn, rice, sorghunl, 
cassava, and swectpotato lor imported wheat flour has 
been proposed to save foreign exchange. 

Cassava is grown on close to 1.3 million ha of land 
in Indonesia. Cultivation is distributed all over the coun-
try; hence, cassava is a crop well known by flarmers. A 
average of 15.4 million t is produced yearly. Cassava is 

used for food, raw material forstarch extraction, and for 
fecd (Damardjati et al. 19cVO)). Nevertheless, the cassava 
market is unstable. Moreover, farmers have little incen
tive to produce more c,;sava due to the low price 
resulting from decre sed demand, as the export quota to 
tie European Community (1;-) hls already been filled 
(825,000 tin 1989/90). Therefore, thcrc will be asurplus 
ot'cassava beginning in 1990 if no new market is found 
(cRII:( 1991). In short, increasing cassava production 
is not difficult. The preblem of surplus production re
curs every year during the peak harvest season with 
different severity. The few products currently available 
limit the quantity of cassava the market can absorb 
without delrcssing prices. 

Research Coordinator on l'(thie,,cst "lcchlotogy/Foxd Sientist; Foxd 'chnologisl; and Agricultural Economist, Central Research 
Institute for Food Crops (CRIR), .alan Mcrdeka 1,17,llogor, Indonesia. 
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The government has recommended that the agricul-
tural and industrial sectors should make special efforts 
in the case of cassava including diversification of pro-
cessed cassava products, quality improvement, and pro-
motion of cassava products for food among different 
social strata of the Indonesia population. Several re-
search institutes and private companics have developed 
prototype machines for cassava processing. New reci-
pes for preparing food using cassava prod ucts are avail-
able. The use of composite cassava-wheat flour in the 

re, ro-and cookies has been
motedi 


Distribution and 
Consumption of Wheat 

In Indonesia, wheat is not produced. All the wheat 
needed in the country is imported as grain. Three huge 
wheat milling plants to produce wheat flour are located 
in Jakarta, Surabaya, and Uj ung Pandang. Consumption 
of wheat in Indonesia continues to increase from 
125,000 t in 1972 to 1.668 million t in 1983 (Table 1). 

leISplondoneia 197t 
Indonesiat, 1972-S9. 

(Cssava Wheat 
Year (0() t) (0() t) 

1972 9,378 125 
1973 10,976 663 
1974 11,927 672 

1975 12,243 664 
1976 12,117 965 
1977 12,016 692 
1978 12,046 792 
1979 11,779 772 

1980 12,653 1,482 
1981 12,265 1,417 
1982 12,372 1,485 
1983 11,355 1,740 
1984 13,046 1,444 

1985 12,496 1,329 
1986 12,094 1,610 
1987 14,356 1,543 
1988 15,477 1,588 
1989 17,091 1,668 

Source: CentrailBureau of Statistik 1990. 

Wheat-based products are important, but do not 
dominate the national diet. On an average per capita 
consumption basis, wheat contributed only 66 calories 
per day (or 2.4% of the calories), and 1.6 grams per (lay 
(or 2.66% of the proteins) from total national consump
tion during 1988 (CBS 1989). 

Since the 1960s, Nationail Logistics Bureau (1IULOG) 
has had a nimono;oly on wheat imports in grain form. 
Milling iscarried out by three main wheat milling plants 
owned by private companies. Wheat flour is then dis
tributed by IIUL(Xi within the country. It is no coin

cidence that control olfwheat imports coincided with the 
initiation of 1... 480 concessional sales to Indonesia. 
BUt.G; used this monopoly on imports and distribution 
both to control the level of support prices and as a 
principal source of revenue. Thus, imports and, in turn, 
domestic consumption are administratively determined 
by lUt.OG, based on their institutional objectives and 
constraints. 

Cassava Processing andUtilization 
The demand for cssava in Indonesia seems to have 

realched a plateau. Nevertheless, some experts anticipate 
an increase in the internal demaild for food during the 
next decade. Expnsion of the industrial sector will 
further increase the demand. However, quota restric

tions by the EC will probably not be released in the near 
future. Consequently, prospects for increasing exports 
to this market are not very optimistic. 

Use of cassava ; he feed industry is Aill limited 
in Indonesia for tw .tsons. Most farmers are unaccus
tomed to feeding c., tva to livestock. Prices,are not low 
enough to create incentives for farmers to switch from 
other sources of feed such ais rice bran which are abun
dant and cheap in rural areas. 

Cassava roots in Indonesia are predominantly used 
in fresh form as food, in dried form (gaplek), and as 
starch. Based on the Food Balance Sheet in 1988 (CBS 
1989), the use of the cassava production of 15.471 
million t was 64.4% for direct food as fresh roots or 
gaplek;9.2% for export as gaplek,chips, or pellets; and, 

12.8% for industrial raw material. The latter comprise.s 
6.3% as raw material for the tapioca starch industry and 
6.5% as raw material for non-food industries. Most of 
the tapioca starch isused in the krupuk industry. The rest 
is used in other food, textile, paper, glucose, and phar
maceutical industries (Table 2). 

Tapioca starch can be produced through the wct 

method. Fresh cassava roots are washed and the end 
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Table 2. Cassava products and their utilizauion in Indonesia, 1987. 

Cassava 
product 

Food 
(000 t) 

Feed 
(X0 t) 

Others 
(0X) t) 

Noodles 
(000 t) 

Baking 
(000 t) 

Krupuk 
(00() t) 

Fresh roots 
Gaplek 
Tapioca starch 
lapioca pearl 

842.9 
30.0 

3.1 
2.7 

- 8.9 
337.7 0.05 

5.0 
......... 

1.0 
...... 

18.0 

--

2.9 

0.2 

26.6 

Gaplekchip -- 75.3 
Gaplek flour .......... 

Total 878.7 413.0 

Source: Central Bureau ofStatistik 198'9. 

--=No data available. 

parts of tubers that contain lots of fiber are removed. 
Roots are rewashed, peeled, cut, grated, and their starch 
extracted; the rewashed starch is separated and dried, 
Drying is done at 50*C to avoid dextrinization (Barrett
1984). From 1000 kg of fresh cassava, 250 kg tapioca 
starch, 114 kg residue (ongguk), and 120 kg sludge 
(Enie 1989) can be produced. 

Other types of tapioca starch are tapioca pearls and 
tapioca flakes. These products are produced by boiling 
the tapioca pulp, partly gelatinizing the starch, and tL,n 
molding into pearls or flakes. Various food products can 
be made from these materials. Tapioca pearls and flakes 
are usually for export. Pearls should have 12.5-15% 
moisture and flakes 15%. Both products contain 0.2
0.5% ash. 

Identification of Alternative 
A*%proriateTechnologies 


Traditional techrology is used by farmers to cc-vert 
fresh cassava into gaplek, either as whole cassava as 
well as in cut form without appropriate drying. There-
fore, the drying process isslow and uneven. Fungal and 
insect infestation often follows. Thegaplekdeteriorates. 
The main weakness ofgaplek is its low quality. Further
more, farmers are not interested in improving the quality 
of their gaplek because they do not receive an incentive 
for better quality gaplek from buyers. 

Diversification of cassava utilization and technol-
ogy will strengthen the bargaining power of farmers, 
They will be able to choose those oftering a better price 
for their product. Development of alternative uses for 
cassava should be simple, easy, and should give value 
added directly to the farmers. 

......
 

0.18 

13.95 19.0 2.9 26.26 

Development of cassava flour production can be 
expected to expand cassava utilization in Indonesia, to 
increase income and value added for the farmers, to 
increase job opportunities, to dampen the increase of 
wheat flour consumption, and to encourage additional 
cxports. In connection with this program, a feasibility 
study is needed for the development of a rural agro-in
dustry for cassava flour production based at the farmerlevel. This may complement upstream industry to sup
port the supply of raw material for the downstream 
cassava food and feed industry. 

Quality Assurance of Cassava Flour 

At present, assessment ofcassava qualities is authorized 
by the Ministry of Industry for domestic consumers and 
the Ministry of Trade for export purposes. To support 
the development of cassava flour production, the Min
istry of Industry has.issued quality standards forcassava 
flour (Table 3). 

R&D of Processing and Equipment 

Cassava Flour Production 

The Steps of Cassava Flour Processing 

The process for producing cassava flour is presented in 
Figures 1 and 2 (Damardjati et al. 1990a). In general,
the process of cassava processing can be divided into 
three unit operations: harvesfmng and handling; process
ing: v'ad rnillag. 

Harvesting and handling fresh cassava. This opera
tion is conducted entirely at the farm level to produce 
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Table 3. Quality specifications for cassava starch and flour in Indonesia.a 

Cassava starch 
Characteristics Grade: Cassava 
(condition) I 11 Ill flour 

Moisture % max (w/w) 17.5 17.3 17.5 12.0 
Ash % max (w/w) 0.6 0.6 0.6 1.5 
Crude fiber % max (w/w) 0.6 0.6 0.6 0 
Whiteness (% as i3aS0 4 =100%) 94.5 92.0 92.0 85.0 
Viscosity (o Angler) 3.0-4.0 2.5-3.0 <2.5 0 

Acidity (ml IN NaOlt/100g) 4.0 4.0 4.0 3.0 
IICN (mg/kg) 0 0 0 40.0 

Source: Ministry ofhulustry. 

'At an acceptable "normal" condition. 

Figure 1. Rural postharvest system for cassava flour production. 

Farmer 	 Processor Milling unit 

Process Harvesting 	 Fresh Peeling Chipping Drying Milling Marketing
 
handling
 

lHarvesting Reception Peeling Chipping Drying Pre-milling Storage 

Transporting Sorting Washing Pressing Sorting Milling Promotion 

Fresh Soaking Cleaning Packaging Selling 
storage 

Product Fresh Peeled Wct Dried Cassava Packed
 
form cassava cassava chips chips flour flour
 

Percent 
recovery 100 % 70-80 % 25-30 % 24-29 %
 
A lter- A< -.. . . (a) -- -- -.. . (b) .....- < - (c) . . . .
.. .. .. . ... ...... 

native 13<---------------. (a) -----....- . < (c)(c) ------- -> 
process C<-----(a) >(c)><. 

Price/kg 	 Rp 40-50 Rp 55-60 Rp 225-250 Rp 400-425 

Source: Darnardjati et al. 1990a. 

(a) Farmcr or farmer group. 
(h) Collector/processor/farmcr 	group. 
(c) Milling unit. 

fresh cassava for market, temporary storage, or for The development of models empth i zes the opera
processing into senii-processed products. tion of the system at the farm level. It is expected that 

these farm products cam be absorbed by the industrial
Producing cassava chips. This operation can be con- sector generating value added for farmers.
 
ducted at the farm level either individually, in groups,
 
or in a flour milling unit. Development of Cassava
 

Flour Processing Equipment 
Milling cassava flour. This operation is conducted by 
a flour manufacturing operation which is managed by a The equipment needed for cassava flour processing at 
cooperativ.- or private company with larger capital. the village level are: 
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Figure 2. Processing system for cassava flour production in Indonesia. 

Fresh 0Peeling 
Cassava 1000 kg 

SSkin 

20kg 

Drying 

Feed 
material *-

" Simple cassava peeling equipment 

" Washing and soaking tank for pecled cassava 

" Chipping and shredding equipment 
" Chip processing equipment 

" Chip drying equipment 

"Milling equipment 

* Packaging and storage equipment 
Several research institutes and univcrsitics, as well 

as workshops of governmental and private companies, 
have developed designs and prototypes of this equip-
ment (Damardjati ct al. 1990a). 

Cassava peeling equipment. Simple peeling can be 
done manually with a kuife. The capacity of manual 
peeling ofcassava isabout 15-20 kg/hr/person, depend-
ing on skill. The cost of peeling is Rp 5-7.5/kg. 

Washing equipment. Washing is a!so done manually 
and depends on water availhbility. Washing can be
carried out by using washing lanks or flowing water. 
The use of deep wells requires investment in a watcr 
pump. The use of spring water requires a highercost for 

Washing/ - Chipping
Soaking 

Pressing - Slurry 

'.4 
Drying Steeping 

CisDrying 

Starch
 
<Milling kg 

Packaging 

Cassava F 
Flour 275 kg oIndusty 

labor. It is estimated that a 0.5 man/day is needed to 
wash 210 kg cassava. 

Chipping equipment. Severai designs and prototypes
of cassava chipping machines have becn introduced 
with designs by Moros Institute for Food Crops (MOIlm9,
Sukamandi Research Institute for Food Crops (SUR), 
or private companies. 

Manual chippngmachine (design by SURIF).This equip

ment isdesigned with exchangeable blades, depending 
on the purpose (slicing, shredding, chipping, or rasp
ing). Capacity is 30 kg/hr of fresh cassava with two 
laborers. 

Pedal chipping machine (design by StiRll.). The opera
tion ofthis equipment is the samc as the manual chipper
but its capacity is larger. It is also equipped with a feed 
hopper. The capacity is about 100-120 kg/hr and needs 
two people for its operation. By using an enginL of 0.5 
lip, its capacity can be increased to 200-250 kghir, and 
only one person is needed. 

Power chipping machine (Design by MORIF). Models 
CSM-I andc:MS-2aredesigned with0.5 hpengincswith 
a capacity of 170 kg and 370 kg chips/hr, respectively. 
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Large-scalechippingmachine. Mariza Product Corn-
pany has manufactured larger scale, cassava chipping 
machines to serve the demand of five national corn-
panies in five provinces. Chipping machine type N15 
#16 cm has a capacity of 300-400 kg chips/hr by using 
an engine of 0.5 hp. By using a pedal, its capacity is 
150-200 kg. Chipping machine type M5 #32 cm, with 
an engine of 2 hp, has a capacity of.2 t/hr. 

Wet chip pressing equipment. Chip pressing equip- 
ment is not essential equipment. Duringthe rainy season 
or during peak supply periods, however, it facilitates 
chip drying. MORIF has developed a manual chip press 
using a car jack. Chip pressing equiplent type 'IREN-1 
has a capacity of 75 kg chips/hr and type I1ItF."i-3 haes at 
capacity of 140 kg chips/hr. 

Sun-drying equipment. The method for chip drying 
depends on solar energy. The nmajor investment for 
sun-drying eo'-ipment is bamboo or metal trays or other 
drying sheets and the availability of a drying floor, 

Flour milling unit. The model and type of milling unit 
affects flour quality. The comnmon rural grindingcquip-
ment or coffee grinder can be used for this purpose, but 
the resulting flour does ntot meet quality standards, 
especially its mesh. SUR IFhas developed gritiditig equi p-

ment using an impacting systemr (hamniner mill). Its 
capacity is only 40-50 kg/hr for flour of 50-60 mesh. 
Mo,IF has developed a design for milling cquipment 
type TIUM-I with a capacity of 20-25 kg for flour of 
60-80 mesh. 

Mariza Product Company has manufacturcd grind-
ing equipment using an abrasion model. Its capacity is 
100-150 kg/hrforllourof 80-100 nesh. The Multi-pur-
pose Disk Mill Model OlFZ-308, nmde in China, shows 
good performance with acapacity of 300 kg/hr for flour 
with 90-100 mesh. 

Agro-industrial Models 
and Their Economic Analysis 

Alternative Cassava 
Flour Processing Models 

Based on existing systems of rural trade engaged in 
handling agricultural produce, thre, types of partici
pants are involved in the cassava ag -industry: fariers 
and farmer groups; chip collectors/processors; and rnil-
lers, i.e., Village Cooperative Units (KUDS) or private 
eiirepreneurs. 

Based on the steps involved in cassava flour pro
cessing, from harvestin, in the field to marketing of the 
flour, intermediate proaucls can be grouped into fresh 
cassava, wet peeled cassava, dried or wet chips, and 
cassava flour. 

Usiig the prcvailing trading systems, alternative 
agrci La.strial operations can be developed. For ex
ample, for the 1,(X)O ha cassava plantation, with a pro
duction of 15,0(X)-20,0(X) t/yr, 5% of output can be 
expected to be available for processing into cassava 
flour. It requires about 1,500 to 2,000 t/yr to supply 
about 10 t of raw material per day in a five-month 
period. 

Tlree mail models of' agro-industry can be pro
posed depending onl capability, capital, and distribution 
of valte added. 

Model I: Home Agro-industry 
for Individual 1 irmers 

A family of 2-3 pcisons can process adbout 200 kg of 
fresh cassava per day; this gives aboul 70 kg of dried 
chips. The main investment (Rp 500,000) is for buying 
cq ilpeCut: one unit of hand chipping equipment, one 
trait of pressing equipment, vashing tanks, and sun

brying equipimZet (ig.3).Thedried chipsproducedcan 
be utilized by agro-ind stry Model Ill. 

About a third of the production (two t/day) can be 
processed by this model. Thcrcforc, 20 farmers can be 
included in Model I. 

Model II: Agro-industry for Farmer Groups 

A group of 10-12 persons can process 1,000 kg of 
cassava per day and produce about 300 kg of dried 
chips. Equipment costs arc Rp 2,500,000 for buying one 
unit of'pedal shredding equipment, two units of pressing 
equipment, washing tanks, and sun-drying equipment 
(Fig. 4). The dried chips produced arc expected to be 

utilized by Model Ill. 
If athird of the raw material produced (5t/day) is 

processed by this model, six groups of farmers can be 
included with aproduction capacity of 1.5 tof chips per 
day. 

Model III: A Nucleus
Cassava Flour Agro-industry 

The unit is expected to be a governmental company/KUD 
with 20-25 laborers and a processing capacity of3,000
5,000 kg of cassava flour per day. This milling unit 
mainly processes dried chips from the neighboring farm
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Figure 3. Model I for cassava flour production at the arin level. 

250 kg 1 unit 1 unit 
Cassava roots Washing tank Hand Chipping 

75 kg 1 unit 1 unit 
Cassava chip Sun drying Pressing equiment 

ers. Model III is more directed toward cassava flour 
processing. It is also responsible for marketing. The 
investment in equipment isestimated to be Rp 90,000,000, 
e.g., for buying two units of power chipping machine, 
two units of pressing equipment, drying equipment, and 
two units of milling equipment (Fig. 5). 

Model III is expected to absorb one to two tons of 
fresh cassava per day, to bc processed into dried chips. 
About two to three tons of dried chips per day can be 
produced by Models I and II. 

Area of Development 

Cassava flour technology must be developed considering 
the current cassava production and marketing system. 
An evaluation by the Research Center for Agricultural 
Economics (1990) showed that production and market-

ing systems of commodities in Lampung and East Java 
are different. In Lampung, cassava is produced mainly 
for export, e.g., dried cassava, chips, pellets, and tapioca 
starch. In East Java, cassava is maildy used fui local 
consumption. 

Considering these two different marketing systems 

for cassava, the development of the cassava flour in
dustry could be implemented in at least three locations 
e.g., Lampung, Central-, and East-Java. 

Economic Analysis
of the Various Models 

Limitations and Assumptions 

Sevenl assumptions must be made in conducting an 
economic analysis of the three agro-industrial models. 
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Figure 4. Model II for cassava flour production at the larnier group level. 

1000 kg I unit 1 unit 
Cassava root Washing tank Pedal Chipping 

270 kg 1 unit 2 unit 
Cassava chip Sun drying Pressing equipment 

Price of Raw Material Feasibility Analysis 

The price of fresh cassava is fixed at Rp 40/kg at the Basedon theassumption that depreciationof production 
farmer level, fresh peeled cassava at Rp 50-55/kg, dried equipment is more than ten years, a feasibility analysis 
chips at Rp 240/kg, and cassava flour at Rp 400/kg. shows the following: 

Form of the Products Traded Model I-Individual Farmer Level 

In the production and distribution systems, the traded The price of fresh cassava can be maintained at Rp 40 
products are in the form of fresh cassava, fresh peeled kg for 210 kg fresh cassava if the farmers can produce 
cassava, dried chips, or cassava flour, about 70 kg of dried chips per day at a price for dried 

chips of Rp 240 kg. Based on a feasibility analysis with 
the discount factor at 10-20%, the Internal Rate of 

Marketing Conditions Return (IRR) ratio is 33-45% and the net Benefit/Cost 
(B/C) ratio is4.4 to 5.4 (Table 4). This means that, in the 
flrst year, the profit is five times the investment for 

The market isstill unsaturated. Thus, the entire produc- equipment and the cost of maintenance. An IRR of 
tion can be absorbed by the market at the same price. 33-45%/yr is much higher than the rate of interest 
Fresh cassava as raw material is available during at least offered by a bank (about 20%/yr). It can be concluded 
five months per year. that Model I is highly feasible economically. 
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Figure 5. Model III for cassava flour production at the governmental company/KUD. 

0 0
 
6000 kg

Cassava roots I set 2 sets 2 unit 
Washing/Soaking Power Chipping Pressing

System Machine equipment 

Cassava chips

from Model Iand I
 

0. .. 200k I1set sun drying 

2000 kg~~Cassava chips[ f 

I set artificial5000 kg Iunit packaging 2 unit milling DryingCassava flour Equipment 

Model II-Farmer Group Level 

An enterprise in Model II has a production capacity of 
300 kg dried chips/d from 1,000 kg of fresh cassava. 
This enterprise absorbs 9-12 laborers/unit/cycle of pro
duction. A fesibility analysis with the discount factors 
at 10-20% showed that the net /( ratios at 2.5-3.1 and 
in li,, of29-39% (Table 4). Hence, profits are two times 
the investment in equipment and the cost of main-
tcnancc. The IRR of 39;%is nearly two times the rate of 
bank intcrst at 20'*/yr. 

Model Ill-Cassava Flour Producer Level 

The activities of this model are: producing cassava flour 
from fresh ca;sava, and producing ca,ssav flotr from 
dried chips bought from Model I and Model If Lintcr-
prises. Therefore, Model III is a nucleus system of 
agro-industry. 

Based on a production capacity of 3,000-5,000 kg 
cassava flour per day, the company is able to process
2,000-3,000 kg of fresh cassava per day and to absorb 

Equipment 

about 2,000-3,000 kg/day dried chips front enterprises 
in Models I and II. Furthermore, the milling unit ofModel Ill can act is the market for the chip products 
front Models I and It. 

The feasibility analysis showed that the net 13/c
ratio is 8.1-9.9 and the IRR 35-48% (Table 4). Based on 
these feasibility indicators, it appears that the Model II 
enterprise is highly feasible. 

Marketing Margins and Value Added 

A cwac study in lampung Province showed that at peak
harvest time, the marketing margin for cassava roots 
was Rp 15 and for gapllk Rp 20, whereas the estimated 
margin for chips was Rp IOand for cassava flour R 25 
(Tablc 5). From July to September, the price of tresh 
cassava was dmnsically reduced to Rp 20 or 30/kg. The 
farmers usually dry the cassava following simple meth
ods to produce gapl'ek, which often hs low quality.
Introduction of cassava flour processing through prod
ucing chips will enhance the value added of cassava. 
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Table 4. Economic analysis of different models for cassava flour production. 

Model I Model II Model III 
Capacity (70 kg/day (330 kg/day (5,000 kg/day 
end product chip) chip) flour) 

Discount Factor (DI)) 10 % 
NPV (Rp 000) 879 3,264 515,753 
IRR (%) 33 29) 35 
Net B/C 5.4 3.1 9.9 

Discount Factor (14) 15% 
NPV (Rp 000) 687 2,416 412,703 
IRR (%) 39 34 42 
Net 13/C 4.8 2.8 8.9 

DiL;count Factor (I)F) 20% 
NPV (Rp (0X)) 543 1,785 334,847 
IRR (%) 45 39 48 
Net 13/C 4.4 2.5 8.1 

Source: Cetntral Researchllstintefori-vt ('r i).991. 

NPV =Net Pre.ent Value. 
IRR = Internal Rate of Return. 
Net 1/C =Net enefit/Ckot. 

Tal)le 5. Marketing margins for cassava freslh roots, gaplek, chips, and flour (Lampung), 1990. 

Fresh root (hiPlek Chip I-lour 
Jenis Biaya root (Rp/kg) (RI'kg) (Rp/kg) (Rp/kg) 

Price paid to the farmer 40 155 240 400 

Price paid to the middleman 55 175 250 425 

Margin 15 20 10 25 

Distribution of margin: 
Cost for harvesting and 

loading to truck 5 0 0 0 

Cost of tranport 7 15 5 20 

Trader net income 3 5 5 5 

Source: CentralResearchinstitutefor FootdCrops1991. 
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Value added to fresh cassava is Rp 12/kg for cassava 
chips and Rp 15/kg for flour processing. Much higher 
than for gaplek processing at Rp 4/kg (Table 6). 

Cassava processing at the farmer level, such as in 
Models I and II which produced dried chips, will offer 
additional income of Rp 2,133 and Rp 2,667/day/worker 
(Table 7). 

Supporing Activities 
Governmental policies are urgently needed to support 
attempts to develop technology. The objectives of the 
policies should be to create a production environment 
and quality improvements that are advantageous to the 
industrial trading environment, as well as to distributors 
and farmers, and to change the consumer's attitude 
towards cassava. 

Price and Distribution Policies 

Price and distribution policies forcassava products (cas-
sava flour and chips) of a particular quality can provide 
incentives for production and for improvement of pro-
duct quality. The assurance of the supply of cassava as 
a raw material requires a well-organized system. The 
continuous distribution of cassava flour throughout the 
year could stabilize cassava production. BULOG and 
KUD are expected to play an important role in this 
system. 

Support for Industries 

and Export Diversification 

Development of cassava flour processing is the major 
clement involved in developing the cassava industry in 
general. To meet the consistent demand for raw material 
for processing into cassava flour, it is important to 
ensure production increases at the farmer level. Devel
opment of this industry needs capital from investors. 

Traditional export ofdried cassava chips and pellets 
is difficult to expand due to quota limitations. Non
traditional commodities, such as fructose candies, sor
bitol, and modified starch, however, are not covered by 
quota regulations and there may be potential to increase 
their export volumes. Also, various food products with 
cassava flour as the raw material have been formulated. 
These have good prospects for export. 

Extension 
Extension systems are aimed at the various levels ofthe 

conmmunity: farmers, farmers' families, processor groups, 
and other social groups. The extension materials selected 
depend on the level of the respective community. 

Campaigns and Promotion 

Governmental attempts to change the appreciation of 
cassava by the community must be made through pro
motion, extension, expositions, cooking festivals, etc. 

Table 6. Value added in different proc(ssed products made from cassava (Lainpung), 1990. 

Factor 

Yield recovery (%) 

Price of product 

Value of product per 
kg fresh roots 

Production cost 

Real value per kg 
fresh roots 

Value added 

Cassliv.1 processed producta 

Fresh root Dried c ssava Chips Cassava flour 

100 35 30 25 

40 155 240 400 

40 54 72 100 

0 10 20 45 

40 44 52 55 

0 4 12 15 

Source: Central Research InstituteforFood Crops 1991. 

aAll figures are Rp/kg, except yield recovery. 
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Table 7. Estimated income for different systems of cassava chip production. 

Factor (unit) 

Production capacity (kg) 

Added value of chips (Rp/kg) 

Added value per day (Rp) 

Processing cost (Rp/kg) 

Labor cost per day (Rp) 

Total of income (Rp) 

Worker/unit (person/day) 

Income per worker (Rp) 


Source: CentralResearchInstitutefor FoodCrops 1991. 

Community Participation 

The catering and bakery industries play an important
 
role in absorption of cassava flour, especially as a
 
substitute for wheat flour in their products. The other 

participants that can facilitate campaign activities are
 
Governmental and semi-governmental organizations, 

such as KORPRI, Dharma Wanita, Persit, social institu-

tions, professional organizations, and the ma.';.r
media. 

Conclusion 

The development of an agro-industry for cassava 
flour production in Indonesia provides opportunities 
for diversification of cassava products. It has the 
potential to increase the farmers' incomes, improve 
marketing, support food diversification, minimize 
wheat imports, and promote the development of var
ious food industries. 

" Cassava flour processing involves the development 
of technologies and equipment for chipping, pre.ss-
ing, and milling, as well as techniques for peeling, 
washing, sol'king, and drying. 

* 	The cassava flour agro-industry is designed isnu
cleus-plasina models. The system can be grouped 
into three models based on capital, capability, level 
of knowledge, and distribution systems of the raw 
material. The systems include Model I at the farmer 
level, Model II for farmers' groups, and Model IlI 
represents amilling unit owned by private companies 
or KUD. The milling unit uses intermediate products, 
e.g., dried chips from Models I and II to be processed 
into cassava flour as the final product. 

Mod. I Model 11 
Flarmcr family Farmer group 

200 1,000 
12 12 

2,40(1 12,(X) 
20 20 

4,000 20(),(){ 
6,400 32,000 

3 12 
2,133 2,667 

• Economic feasibility analysis showed that the three 
models are feasible. 

Follow-up Policy 

Government efforts to help develop the cassava flour 
industry have been initiated. The Minister of Industry 
assigned five governmental companies under his Min
istry to develop and act as foster-parents ofcassava flour 
production plants in five selected provinces (decrees 
number 331 and 332/MNiP-x/1989). In 1990, under Presi
dential aid to KUI, 25 cassava flour production units 
were distributed to KUD in seven provinces. 

The development of cassava flour production sys
terns is expected to support the effort of technology 
transfec, from researcher to a commerciil scale at the 
flan level. 
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Development of Milksap-free
 
Cassava Half-product in Vietnam
 

Qttach Nghien 1 

Abstract 

After harvesting, fresh cassava spoils rapidly, limiting its utilization and consumption. Therefore, 
major part of the fresh cassava harvested in Victnam must be converted into preservable dried cassava or 
starch. Processing cassava slices is diffi' alt because of the hot, humid, tropical climate. Cassava slices 
have high humidity, mold easily, and contain toxins; this rcsults in low market value. In order to overcome 
these problems, the National Institute of Agricultural Sciences (INSA) has developed a new half-producl
of cassava baNsed oil a milk.ap-rcnoving technology. This technology allows cassava processing to be 
carried out in any Nclier, without prior drying, and the costs of processing and preservation are lower. 
In dried form, the milksap-tree cassava iseasy to preserve, free from hydrocyanic acid (ItCN), non-toxic, 
and does not taste like caissava. This processing method is expected to contribute to reducing the product 
price and expanding cassava consumplt ion. 

Key words: new products, research, farmers, tcchnical procedures. 

Introduction 
Under Vietnam's hot, humid, tropical climatic condi-
tions, fresh cassava roots spoil quickly because of in-
fection by microorganisms wi'hin 4-6 days :fter being 
harvested. In order to prcs:'.-! and constmec cassava, it 
is processed into dried slices. The success ofthis method 
depends on the weather. Losscs during processing and 
storageare vry high (30%). This has discouragedfarm-
ers from cultivating and processing cassava (Table 1). 
Due to poor infrastructurc, the cstal)lishmecnt olvillagc-
based processing is an important strategy to help con-
vcrt a large amount of fresh cassava, approximately 
2.6-2.8 million I/yr, into vat uable hall-producl. 

Recently, the National Institute ofAgricultural Scien
ces (INSA) has achieved success in the dcvclopnnt of 
a cassava milksap-rcnnwing technology. Thi.s tcchnol-
ogy permits the farmier to process a large :mount of 
fresh roots under any climatic condilionis without the 
necessity of drying the roots. Milksap-frce cassava can 
be preserved under anaerobic conditions for several 

months. The storage of dried milkcsap-free cassava is 
easy due to mininal spoilage caused by microorganisms. 
This new half-product which has no hydrocyanic acid 
(tlCN)-content or cassava taste can increase cassava 
utilization in animal feeding and in the confectionery 
and fermnltation industries. 

Furtlerore, milksap isolation technology and milk
sap-free fresh cassava storage allows a reduction in 
losses during storage and processing mnd eliminates the 
need to build special storage units. Application of this 
technology opens up opportunities in rural areas with 
potential for creating more employment possibilities 
and increasing farmers' incomes. 

.- , and 
Utilization of Dried Chips 
Dried cassava chip processing does not bring high pro
fits for the most part. Processing, therefore, hts been 

lBiochemist and Food lechnologist, Ilead, Department of liclhmeniistry and tx)d Tcchnology, National Institute of Agricultural 
Science (INSA), )7, Phuong Mai, I)ong l)a, Ilanoi, Vietnam. 
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Table 1. A comparison of local processing of cassava Into dry chips, wet starch, and maltose. 

Processing factors 

Processing capacity 
kg product/day- labor 

Total processed 
product/year 

Income/labor day in 
Vietnamese donga 

Marketing ability 

aVietnamese dong 6,000 = 

fair 

US$ 1. 

mainly implemented by cassava farmers who do not 
have access to large-scale, cassava processing plants. 

Fresh cassava roots contain about 60% water. Th 
conventional method of drying chipped cassava roots 
by using charcoal is too expensive because dd,:d cas-
sava chips can fetch only a limited price on thL market. 
The use ofsolar energy for drying cassava chips is often 
difficult because of high air humidity and the short 
duration of sunshine during the harvest time in winter 
(Table 2). This results in more than 30% of the product 
being of low quality. 

Furthermore, the high relative humidity also results 
in reabsorption of water by dry cassava chips causing 
mold formation and rotting. At present, about 45-62% 
of the total cassava production is processed into cassava 
chips. Because of the short duration of sunshine, cas
sava roots must be sliced thinly after which they take 
about 2-3 days to dry. Large losses occur during the long 
drying time. 

Cassava product 

Dry chip Wet starch Maltose 

10-20 55-100 60-100 

300-700 18,500 21,9J0 

200-1,000 4,000-10,000 7,000-15,000 

good good 

Frequent changes in the weather (rain or a sudden 
increase in !emperalure) result in substandard quality 
and large losses due to rotting. Various kinds ofchipping 
machines have been introduced, but the average cul
tivated area of cassava per household is very small so 
Vietnamese farmers prefer to use a simple chipping 
knife. Cassava chip processing plants have 'oeen un
economical and the production of cassava chips shows 
the lowest profit when compared to other processing 
activities (Table 1). 

In recent years, the price ofcassava chips has fallen 
due to the improving rice supply in the country and it 
has been difficult to sell cassava. Until now, most dried 
cassava has been used for livestock feed and alcohol 
fermentation at both the rural and industrial levels. The 
confectionary and textile industries also need more cas
sava chips. 

IICN-toxicity and the typical cassava taste are the 
maih, factors limiting the use of cassava in animal feed, 
the confectionary industry, andl alcohol production at the 

Table 2. Relative humidity and sunshine hours during the cassava harvest in Vietnam. 

Relative humidity Sunshine 

(%) (hr/day) 

Location Oct Nov Dec Jan Feb Oct Nov l)cc Jan Feb 

Hanoi 81 79 80 81 84 5.7 5.0 4.4 2.6 1.8 
Hue 86 87 89 88 89 4.4 3.6 3.3 3.6 3.8 
Soc Trang 
(Mekong Delta) 88 87 83 80 77 5.3 6.4 6.5 8.0 9.3 
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rural household level. In terms of alcohol production, 
cassava alcohol is ,'onsidered to be of lower quality than 
rice alcohol. Hence, farmers prefer to ferment up to 20% 
of their rice production to make alcohol for household 
consumption. The introduction of more low-priced cas-
sava raw material into these production sectors will help 
to improve the food supply in the country and increase 
farers' incomes, 

The Milksap Removing Process 
This technology was developed by the Department of 
Biochemistry and Food Technology of INSA in 1989 
with the objective of developing an alternative for sub-
stituting the method of processing cassava chips. 

Some Chemical 
Characters of Milksap 

Cassava roots contain milksap which is a source of 
nutrition for the plant. Our research has found that this 
milksap has a negative effect on cassava storability. 
During observations ofstarch settling during the manual 
starch purification process, we have always recognized 
a black fraction on the surface of the starch fraction. 
This black fraction is a mixture of lower density starch 
and milksap. In early 1980, starch processors detectcehthismilsapstarhad ued i fo pi fee. Te pgsthis m ilk,;ap-starch and used it for pig feed . The pigs 
that were fed this milksap fraction grew fast and there 
have been no reported cases of intoxication. After 
drying, this black fraction w,ts brought to our laboratory 
for analysis. Results of this analysis have shown that 
this milksap-starch fraction has a composition of 9% 
protein and 3.2% lipid, which is higher than that found 
in cassava chips and cassava starch (Table 3). This 
clearly indicated that some important nutrients, such as 
protein and lipid, are not equivalently distributed in 
cassava roots but are mainly concentrated in cassava 
milksan v.ssels. 

Phenomena of Rotten Fresh 
Cassava (musty-milksap loss) 

In spoiled fresh cassava roots, we can see mold bacteria 
invading through the milk vessels into the whole root. 
From results of our observations, we have come to the 
conclusion that milksap is an optimum medium for 
growing microorganisms. Thus, milksap isolation might 
improve cassava preservation. 

The Technical Procedure 

Th ca proceureof pesing a pres 
fresh cassava by removing the milksap is as follows. 

* 	Peeling and washing fresh cassava root (by hand or 

machine). 
e Grinding cassava into very fine particles (grinding

machine operated by a motor or by hand). 

* 	 Isolating the milksap using a chemical mixture (milk
sap contains proteins, lipids, tannins, polyphenole, 
etc., which are soluble in water) for one hour.
 

a Dewatering using pressure-equipment.
 

e 	Preserving wet cassava without the milksap under 
anaerobic conditions for 1-6 months. 

• 	Filtering starch through cloth for formation of cass v el t rc s a afo r 
sava pellets or cassava flour. 

e Solar drying of cassava starch or solar drying of 
IlCN-free cassava pellets or flour. 

9 	Packaging. 
This technology permits the producer to process 

cassava under all weather conditions and to reduce 
waste. Milksap-free cassava is easy to preserve with 
only minimal microbial infection; it is also free of IICN, 
does not have the typical taste of cassava, and can be 
easily used for different purposes (Table 4). Milksap-

Table 3. Chemical composition of three cassava half-products. 

Milksap-starch 
l)ry chip fraction Starch 

Moisture 15.0 18.0 14.0 
Carbohydrate 74.4 68.0-70.1 84.0 
Protein 3.9 6.8-9.0 0.1 
Lipid 1.2 3.2 --
Cellulose 1.2 0.7 0.4 
Ash 3.9 0.4 0.45 

277 



Table 4. Compnison of cassava processing technologies. 

Proccssing factor 

Processing capacity per laborer 

Rate of loss in processing 

Proportion of fist class product 

Quality 
color 

taste 

ICN-content 


Proportion of spoilcd cassava 
after two-months of preservation 

Relative production costs 

Percentage that can be used 
for animal feeding 

Conversion rate per 10 kg 
fresh roots 

free cassava isa valuable material for producing cassava 
pellets or flour. 

The composition of milksap-free cassava is as follows: 

Component Percentage 

Moisture 15.0
 
Starch content 78.8
 
Protein 0.2
 

Lipid --

Cellulose 3.8-4.5 
Ash 1.0 

IICN Trace 
Bothstarch particles and cellulose ftbei. arethe two 

main components of milksap-free cvssava that are in-
solublc inwatee" This quaity dlows u:,to store it under
ground anaerobically. The experin:inial anaerobic 
preservation of milksap-free wet cassava during 1989-
1990 shows a possible preservation time of six moni!s. 
Underground preservation does not need a storage 
building. It can reduce processing costs and losses enor
mously. The cost of storage is about 3-5% of the value 
of the stored material and losses are estimated at <3%. 

Conclusion 
We are now transferring this new technology to farmers 
and marketinzg this half-product. The economic data 
relating to this techi.3logy will now be collected. 

Traditional Milksap-free 
cassava chips cassav' ,ellets 

100 kg 250-300 kg 

6-14% 5% 

40% 90% 

White-yellow White 
Cassava taste No cassava taste 
60 mg/kg Trace 

18% 3% 

100% 115% 

25% 50% 

2.8-3.4 kg 2.8-3.4 kg 

Village-level processing plays a key role in the 
marketing, and utilization ofcassava in Vietnam's urban 
and rural areas. This new half-prrduct will help to 
reduce the product price and to expand cassava con
sumption in the country. 
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V. Setting Up Pilot Plants
 

T he pilot plant phase is a critical step in the product development process. At this stage, all the 
separate components involved in product, equipment, process, and market research must be 
integrated, then optimized to constitute a functional, econonically viable enterprise. This section 
reviews the various activities undertaken in the pilot plant phase and presents criteria to consider 
in theirsuccessful integration. It also includes a retro.iptctive analysis of the pilot plant experience 
with potatoes in Peru and cassava in the Philippines. 

Christopher VvA>eatley provides a set of guidelines for successful Pilot-scale Operations.
These refer to plant constructiOn, experimental and semi-commercial operation, test marketing, 
and feasibility studies. 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 entcrprise can be established. 

The International Potato Center's (CIP)) has used its pilot plant in Peru for several purposes. 
In Low-cost Potato Processing: CIP's Experience with Pilot Plants in Peru, Siert G. Wiersema 
notes that these tacilities first served to improve small-scale processing equipment. Subsequently, 
several methods for -i)cessing food mixes were developed and consi.mer tests carried out. The 
plant then became a training and experimentation center for interested local entrepreneurs and 
rural development grouLps. Based on this experience, suggestions for setting up pilot plants are 
enumerated including location in an area of abundant raw material supply, flexible design,
evalmtatio, of economic returns, and financing of new processing units. 

Cassava-based Feed in the Philippines: The ViSCA Experience by G. R.Gerona presents an 
overview of the utilization of cassa,'- by the livestock industry in the Philippire; with emphasis 
on the experiences in the piloting of a feed mill with cassava-based formulations. Gerona indicates 
that the pilot feed mill project demonstrated Ihe technical and commercial viability of cassava
based diets for pigs but only to L limited extent in the case of poultry. Hie also documents the 
impact the feed mill had on establishment of backyard pig and poultry enterprises as well as 
improving the price of cassava chips. In conclusion, Gerona notes the debilitating effect of 
cumbersome government regulation., on pilot plant operations. 
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Pilot-scale Operations 

ChristopherWheal!ey1 

Abstract 

Acritical step in the product development process takes place at the pilot plant phase. Tis paper reviews 
theactivities undertaken here including: plant construction, experimental and semi-commercial operation, 
test marketing, and a feasibility sudy. 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 (pi'ocess and equipment) and product
(marketing) performance is stressed throughout. The experience acquired is seen as contributing to the 
establishment ofa technically and financially viable enterprise in the course ofabout 12 months. Examples 
are cited based on work with spccific 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 ir-
proved prototype of a root/tuber-based product into a 
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 a pilot plant. They include: 

* 	determine the technical and financial feasibility of 
the new process being used by a farmers' coop or 
small-scale industry; 

* 	assess the quality and availability of raw material 

(fresh roots/tubers); 

* 	assess the quality and acceptability of the final pro-duct; and, 

* 	determine the demand for 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. 1). It is not possible, for 
example, to discuss marketing in insolation from pro
cessing because the activities undertaken in these areas 
are interdependent. The actual sequence of activity im
plementaticn is shown in Figure 1. 

Human Resource Development 

Farmer groups need to learn much more than the tech
nical aspects of processing the raw material. They must 
acquire skills in operating the plant, monitoring opera
tions and costs, negotiating, controllirg quality, analyz
ing markets, etc. 

Monitoring and Evaluation 

Data gathered throughout the initial experimental oper-Dt ahrdtuogotteiiileprmna pr
ation and the semi-commercial phase make it possible 
to determine the feasibility of operating on a commer

llead, Utilization Section, Cassava Program, Ceniro Internacional de Agricultura Tropical (CIAT), A.A. 6713, Cali, Colombia. 
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Figure 1. Position and subdivision of the pilot project in tile context of an
 
Integrated cassava project and product development.
 

Integrated projects: Product development: 

Macroplanning Ideas 
Microplanning Research 

-- Preparation of pilot project 

Construction of pilot plant 

Pilot 
Project 

Operation of pilot plant 

Experimental 
Semi-commercial 

Test market] 

-W1,- Feasibility study ] 

Commercial phase ] 

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 1.The objective of reviewing these 
criteria is to select the best option for locating the pilot 
plant; in other words, where there is a sufficicnt supply 

of quality raw materials not too distant from the plant 
(transportation of bulky fresh roots is costly). There 
shoLdId be good roads for transporting the raw material 
and for shipping the final product to its principal market 
(which ideally should not be too far away). If the plant 
operates only seasonally, i.e., during the dry season, 
then the condition of tih," roads during the rainy season 
is not important. 

If at all fcasible, the pilot plant should be located 
where thcre is a group of farmers who have hMa some 

282 



Table 1. Site selection criteria. 

Raw material 
" Availability (harvest mo/yr) 
" Current and future surpluses 
" Existence of competitive markets (e.g., fresh cns 

sava) 
" Quality factors (e.g., dry matter content, hydro 

cyanic acid levels) 
" Concentration and distance from plant (affccts 

transportation costs) 

Processing 
" Infrastructure (e.g., water, electricity, access roads) 
" Local capacity for building the plant
" Local capacity for building and mai,. ining 

equipment 

Farmer organization 

" Type of association (e.g., cooperative) 

" Mcmbers' levcl of education 

" Extent of interest inproject 


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 
makeavalid test of its 1easibility.At thesametime, 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 clectricity at the site may be 
essential, but that of a paved road less so. Thc 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 vith the region and site sclcc-
ted into an integrated project. This is basically 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 

In addition to steps inherent in any type ofconstruction, 
which goes from the preliminary land pieparation 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 inproject 
Sl)elineation of responsibilities 

. Assignation of funds for fulfilling responsibilities 

. Technicians and field 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. Inorderto optimizecquip
ment functioning, sonic 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 workinthe pilot plant should be carefully selected. Ifthe plant 
is going to be run as a cooperative or association, theait will be necessary for the members to reach an agree
ment as tI 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,itis important not to include expenses for an administra
live 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 
(Tablc 2). 

Experimental andSemi-commercial Operation of Plant 

The most important activity of a pilot pioject is the 
experimental and semi-commercial operation of the 
plant. The former consists of testing the equipmer, 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 proluction 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 
instal'ng electricity and/or water. 

" 	Design of the pilot plant, infrasticture, and equipment in accordance with the capacity and characteristics of the 
lot selected. Where the construction requires technical assistance from professionals such ws architects or 
interventors, a bidding process should be implemented. 

" 	Development of a training plan for plant operators, including important concepts of quality control, hygiene
 
(especially for foodstuffs), and bookkeeping.
 

" 	Design of a marketing 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 (hat tral 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 is possible to produce-consistent 
quality, then it is feasible to proceed with operations on 
asemi-commercial scale. The prduct can be sold regu-
lariy 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 of a strong farmer organization; and, 

appropriate support for that organization in th form 
sfiecial ad porgti awell 

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 a new tech-
nology and the need to work together as a team is risky 
in a group that has not yet been consolidated. It takes an 
experienced group who know how to work togethcr to 
carry out the complex series of activities inherent in 
processing and commercialization. If this is present, 
ilien failure for reasons other than processing, product, 
or market is much less probable. 

Raw Material 

Supply. Supply of raw material shrtild be organized so 
that the roots/tubers are not in the plant for longer than 
is absolutely necessary before they are processed (e.g., 
for one or two days in the case of cassava). Rapid 
peiishability of fresh cassava has a strong impact on 
final product quality. If the plant requires a daily supply 
of fresh roots, itshould coordinate daily deliveries. This 
complicates the supply side ofthe 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 
processing should always be minimized in order to 
speed capital flows. 

The cost of transporting fresh roots is always 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 issufficient raw material within a short radius of the plant. 
In the event there is little current production (i.e., the 
plant was built on !he basis of future production poten

tial), then the cost of transporting raw material over 
greater distances will have to be financed (luring initial 
operatio~ls. 

Harvesting periods. Studies need lo be made to deter
mine local harvesting times, which can vary greatly 
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 a yetr; and, others with regular rainfall makes 
it possible to harvest and p!ant throughout the year. The 
same applies to irrigation districts where roots/tubers 
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are planted. Plant operating tinic of .ourse will depend 
on harvesting periods and can be reduced even more if 
other conditions exist (for example, little raii.iall 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 markcts. Inmost of the Latin 
American countries, the largest market is for fresh human 
consumption; in Brazil, itis forfarinha,a roasted 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 a\,' m1aterial. 
Procuring raw, material for operatling the plant w1,i1
depend on whether this price is competitive with prices 
on the fresh market. This could limit the supply of raw 
material to the peak harvesting period; or, in tie case of 
plants located in a subsistcacc agriculture zone, there 
will be no competitive market and the supply will con-
tinue with tile lhrvcsts. In general, a processing plant
that dep,.nds on the supply oflow-cost raw material will 
have moresuccess when itislocatcd away from ilassive 
consumption cenlers where tIe fresh market serves s a 
magnet for available food stiffs. 

Quality. Anothcr factor rlated to tile supply of raw 
material is product quality. In general, there are cfewer 
critical q uality factors for a processing plant than fr the 
fresh market where prefercnccs of intermediaries and 
consumers can be quite demanding. While it is frequent-
ly proposed to supply a pilot plant with roots/tubers thatare unalcceptable for thle fresh market, processes arid 

products that require a high dry nmatterorstarch content
do not permit thre inudiscri ninate use of non-commercial or poor quality raw material, 

Initial functioning of the pilot plant will determine 
whether prevailing flacltos such as quality, price, trans-
pil-mation distance, harvesting periods tvor a continuous 
and oppournc supply of raw material. 

Processing 

Experimental operation. Dti'ing this phase tie tieces-
sary adjustments are madc in tire equipment so that tile 
plant operates at mFIVxiItimM efficiency according to design.
In sonic cases, this is amatter ofdays; in others, defects 
in construction (trios'. often in a prototype machine, 
which is the ii rst of its kind) may require more time anid 
money to modify. Several opions for a process may
also need to be tested to determine which is 1'e most 
efficient and easy to manage; fOr exarrple, arlificial 
drying, with or without a tempering period. 

Among tile most important factors determining pro
fitability in many processes is the conversion factor 
(quantity of raw material required to produce a given 
amount of final product). Agood, i.e., a low, 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 wtll and the operators are skilled in its 
management. 

Semi-commercial operation 

When tihe supply of raw material permit: a continuous 
operation without further modifications and/or adjust
ments in the process, seni-commerciad operation begins.
During this phase, the following aspects are evaluated: 

* 	 operators' case in managing tie process; 
* 	 efficiency of labor; 

• 	 effectiveness of operators' training; 
* 	 performance of tre equipment under continuous use 

including energy consumption, efficiency and per
formance; 

& 	need for fItlrelr research related to equipment or its 
handling; 

possible bottlenecks in the process; and,
 
e actual operating costs.
 

By tire end of this phase, all necessary adjustments

to the process, management, and labor use will have
been completed. Often plant workers themselves find
 

practical solutions to problems and c acontribute valuable comments and ideas with respect to other aspects 
of pilot plant operation. Mechanisms should b, sought 
for incorporating their contributions into the evaluation 
process. 
The Product 

During the experimental ph:se of plant operation, it is 
not enough to optimize the process by taking into account tile efficiency of tie machinery. The quality and 
quantity ofthe final product are also ii;-j'rtanL. 

Product quality results fom ,., interaction of raw 
material and tile process. in the ciscof cassava the most 
important parameter; are dry rmatter and/or starch con
lent, hydrocyanic acid (K'N). prcsenceof aflatoxins, 
and/orpathrogenic ilicrobes; arid, in thec eofproducts 
for direct human consumption, product taste, texture, 
and appeaniice. For other root wid tubercrops, 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 determination o'* those normns 
need to be part with these evaluations. (For example, if 

the 1ICN content is below 50 ppm or the microbial count 
for fecal bacteria is 0.) Should the product not consis-
tently meet quality standards in the experimental phatSC 

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 environmental 
conditions of a pilot plant located in a root crop produc-
tion zone ire going to be very dil f.. :nt from those in a 
lab. It is especially important to insist on rigorous con-
trol ot personal hygiene and of equipment to maintain 
the cleanliness required for many prodUCts of huim(p 
consumption. Nevertheless, many traditional products 

made from root crops have high levels olcontalmiination 
and completely lack any sanitary controls. Itmay also 

be necessary to obtilin a sanitary license when the pro-

duct is for human consumptio. 

In the case of products destined for lu,-n con-
sumption, organoleptic characteristics are important. 
Organoleptic and acceptrnco tests should be conducited 
in order to confirm whether the new product is accept
able to both buyer; ind consuners. There are two ways 
of conducting this type of test: under controlled condi-
tions, or normal use. The allvantilagc of the former, 
conducted in the lab with son sensorial anlysis, is that 
the results are clear, and reliable data can be obttained 
with respect to the tastc 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 mcal condilions gives a better idea 
of its acceptability. However, recipes and preparation 
can easily vary; hence, the case of making comparisnnls 
between products is lost. As an intermediate option, i 
consumer pancl c'in be formed to evalute one or ire 
samples so a,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 oth,r 
product characteristics such As shelf life or forms of use. 
It is important that the inww product: 

* 	be acceptable to the consumer; 

" 	 be acceptable vis-d-vis competitive products; and, 

* 	 fulfill the desired characteristics (e.g., nutritional, 
organoleptic). 

Shelf Life and Packaging 

The commercializaltion chain-short as it may be-al
ways requires somc sort of product durability, to which 
must be added the storage time until the final user 
consumes/uses it. It is important that the product char

acteristics do not undergo any significant clange during 
this period of time. Factors that ca alTcct the product's 
useful life ire -,sfollows: 

* 	product moisture content; 

* 	 relative humidity during storage; 

* 	 level ofeonimnination by fungi, bacteria, and insects 
during processing; 

e type of p:ackaging used; and, 
e s of nckaiin( 

Packaging is a barrier between the product and its 

environment. As it may be porous, it can permit the 

interchange ofgases ((2,02, 1-120) uid can be penetrated 
by insects and rodents, which in turn fhcilitate con

tamination by microorganisms. Hence, it is important 
that the packaging not only be of a reasonable price and 
easy to obtain, but also serve to protect the product 
sufficiently for tl"' desired storage time under the en
viroinrItal conditions found at the storage sites. 

oa root crop processing plant, it is not 
enough to conscive the product until its sale. Training 
may be required to consider product quality beyond the 
moment of purchase so that interinediaries and the final 
users encounter no problems. Consequently, packaging 
that is not the least expensive, but rather one that permits 
the greatest storage time, m:iy be necessary. 

In the case (f 

In 	 the case of products that are trinsformed by 
drying to moisture levels under 14%, there are no !;Ior
age problems because of fungal growth, particularly of 
allatoxins. In tihe case of the feed rations market, con,
mercial firms mill the chips immnediately after purchase 
so packaging is not critical. Where purchascs are made 
by slate enterprises in order to rculaIte prices and mar
kets, stragc time can be long so thatilthe packaging used 
becomes imx)rtant. It may be best to use new packaging 
in this case. 

Processed products for human consumption .uch as 
flours, noodles, and cookies require packaging that resists 

insect (weevil) attack, above all if product turnaround 
time is slov.. Conserved fresh cassava, for example, 
requires a polycthylene bag as an integral part of the 
conservation technology. 
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Marketing 

Two markets exist for pilot plant products: inaustry ant 
individual consumers. Their characteristics are ftida-
mentally different. Moreover, the marketing process is 
distinct lor each. 

The industrial market consi,;ts of selling the product
toenterprises forsecond transformationor incorpoa-tionintosanother prodUcn tconsm rmarketiconsists 
tonselino ate prodct. ithe conumher markestho s 
of selling the product with no further changes through 
a wholesale d istibu1!t ion channel. 'IThe inodus trial rmarketiwolesatile ilestie ther1111]eerally fwetres 

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, a prelimil ary survey was maide on the use of flours 

in general; and, second, samples were distributed. These 
samples were recommended for carrying out partialsubstitution trials in various products, followed by a 
survey on the trial results, and a review of the amount 
of interest generated in purchasing the new product. 

Thus, very concrete information on tile potential use ofis the simplest since there are few enterprisesprodcts 	 was obtain 
and it is possible to have direct contuct will the pLrchatsing 
heiads ofcach one. Moreover, their pUrch:Ls ing decisions 
are based on logic, price comparisons, availability, ard 
performance of all the suppliers. In addition, the norili-
ly unit of purchtise can be very lTrgC, eq ual to, or greater 
than tile plant's prod uction cpacity. 

The consumer market, on thle other hand, is quite 
complex because it is necessary to sell the product to 
thousands, po~ssibly million,,, of' consuers who aredaily being bombarded With pli icity about competing 
prdaly beinomred ithy publficiy abLVit compeig 
prods Cons irCIOI-S ISiio'loiathe SUpurhaigdci 
sions on ie baLsis of iIlogical factors such as podutier 
image and status. In order to rcach the ConsuImer on a 
large scale, an efficient distrilbtin system is ncCCssa;ry
at terniinol markets, Iswell as tile resources int c I i city 

for carrying out maISs prodtct promotion. These two 
activities are riot conitmnly Liodcritood by, grups of' 
small 1irners; thuis, other orgaiizat itis have to be 
created for product distribution and prom tion. 

To date, the only improved fresh Cassavt l)rid(oCt 
developed for Ilie consumer market in Colombia h1a1s 
been that of conserved fresh cassava. It may also bc 
possible to commercialize cassava llotir and starch in 
this market. 

Marketing studies. After selecting a site for the pilot 
plant, it is necessary to carry tli a marketing study 
focusing on markets nearest the plant. 'lie scope of' tile 
study depends on the product. In the ca:;c of fresh 
caissava on tire Atlantic Coat tf CoIonniI a, tle Urban 
market of Barramlqutril la.xxs studied; for css v; flour, 
national, rcgioni (Atlaltic Coast), and local markets 
were analyzed (Janssen 1986). For a consumer market, 
the study should include intermediaries, final outlets, 
and consumers; for the indu.tiil market, only potential 
clients. 

Cassava flour provides an intercsting example be-
cause it is a potential substitute for a very well-known 
raw material-wheat flour. Potential clients are nmanu-

cassava flourin a wid gauto pr aso 
vithott Iaving to eondoct laboratory tri is 

Product marketing. The marketing study is the basis 
for a plan for selling the produoct produced by the pilot 
plant. During the imit iad takeoffand experi mental opelL
tion of the plant, product quality is not uniform. Op
t miizing the process leads to an improvement in quality
and operational efficiency. It is important that tile first 
st 
Samples purch.rsed by the initial clients be of optimalquality. Production that does not meet quality require
menits should not be sold to this market. Tbhus, dried 
cssava was sold to the animal feed market until it was 
of" a quality alcceptallc for the cassava flour plants. A 
project should not expect on xperimental plant o be 
profltable. There should be sufficient funds to cover 
occ:rsiori losses. 

These firs, sales to an industrial market require a 
detailed follow-up. It is important to know, or example, 
the clicnt's: 

* 	 level ofsatisfaction with the product; 

* 	 evaluation of' its quality; 

9 	 comparison with other raw materials; 

* 	 estimate of demand and potential for increased pur
chaises; 

0 	view of the conisumcr's reaction to tie final product; 
and, 

* 	 desired unit of purchase ard 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 a chain of supermarkets. This 
facilitates gathering some information without having 
to use many resour.ces. 
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During semi-commercial opeition, product quality 
will havc become stable and operation costs morc conltrol
led. Al this point, the market can be developed in a 
cordance with thc results ohioimed in thie demiand st dy. 

Several options for presenting the producnt need to be 
explored: 

,,,size/weight per purchase ti; 

" 	 type of nackaging; 

* 	design of packaging (logo, brand name, etc.); and, 

Sprice per unit. 


The reaction of the market to these alternatives can 

bevery useful in defining sonie otlhe alternatives. Olce 

the brand name has beenr| chosen, it is irimportant to 

register it legally. (It is also imxrtant to check whether
 
it has already been registered by another flimi before 

going to the expense of getting the dies made.) Witi tle 

investment in promotion, the brand name increases in 

value; and it is important that the own isof the plant 

(e.g., cooperative nmrnbes) Ibnefit from that investment.
 

Termination of the Semi-commercial Phase 

When there is sLfficiCnt informition available for con-

ducting a ,csibility study' With respect to mounting a 

toll-scale rural industry ba.SCd on the.,
pilot experience, 
then the semi-cotunterci:i ph:t~c ends. 'lhc ph llg ,c-M 
rally haIto function for an ite yetiCduring 1ll the 
months foreseen as feasible 10r jioccssjig. lit the event 
that the ear is abnormal (little productiot ot high prices 
and low supply of raw material tt),tor tle hI it may bc 

neccssairy to extCtld opcrating i :itiothe
Iiti
iItvesiig
 
seisol. This requires finncial ilnllirnlaion oil produc-

lion costs, prices, and volumes of sale. It is ,iISO
Ics-

sary to include linancial costs in the study evcn ifi
tley 

are not required for the pilo; plant stage.
 

When the scmi-commercial operation ends, it is cx
pectd that: 


tefraw mials is constant; 

the supply of r ia;the 


" 	 the process is functioning efliciently; 

" 	the operators are trained and working efficiently; 

" 	product quality is good and uniform; and, 

* 	 the market is in accordance with the !":recasts and in 

the process of expanding. 


Test Marketing 

A prod I that is destined for [hc consumer market 
requires activities which organize its distribution and 

promotion ubovc and beyond what is required for a 
ploductIto he tilied in industry. These activities are 
quite compllicated and costly; therefore, before launch
ing a lull-scade commercial project, it is advisable to 
begin witIha test market. "l'his consists ol1mnalicturing 
a product l;r distributiol and promotion on a limited 
scale, albeit in a location typical of the total potential 
market. The distrib tion system and the cornrc:ial
scale promotional activity therefore can be tested at 
r rimodertCcost, but within a reduced mdi Is o1 action; so 
as to detcrmine tIe tcasir,ilit y ofIIaI Iti ng production 
on a largr scale. Table 3 shows the requirements for a 
test niwrkc. 

Possible optioms for product distribulion 'ithbin an 
urball market include: shops, imtstitutions (schools, arny 
stations, etc.), supemarkets, 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 consist
ing of numerous clients, each purch.sing only a small 
anlournt. Neverlieless. the largest market may be a 
nmultitude of low-volumc buyers. Options for distribut
itg the product in this case arc as follows: 

)p 	 z 
* 	 set up an enterprise specialited in distributing pro

ducts illUrbaln CCIICIN; 

• contract a private distributorship on a non-exclusive 
basis; 

* 	 distribute the product to Icentral warehous;e oper
ated by a shopkeepers a;sociation (they may have 
to be organi/cd around that conccpt); and, 

obtain warchousC space at a wholesale market where 
shopkccpcrs igo to ltirch Lsc other foo~d. 

Each of thL;c di.,ribulioti systems has its advant
ages and di:,d',,aillLs. It is important to identify the 
one t, kccps distributiol cots 'it a ilini so that 

price ol thc p)rlodu,.'tis 	how ettouglh to compete with 

other products oti the markct. 

When promoting the product, it may be necessary 

to advrtidVC. The design and execution of aIpublicity 
campaign,- cvii wit simple, low-cost mcdl ia-requircs 
experience to make the most efficient invest ment of 
money. 
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Table 3. Requirements 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, together with an advertising campaign oaSCd 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 tie project tojudge its success or not,including weekly data on volumes delivered and sold by shop. ibis information should be complemented withdata on purchases by a sample of consumers, which would provide the rite 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, 


" a slogan. 

Advertising media include: 

" the package (with the logo, slogan, and recipes, in-structions for use,packingor 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, 
" 'IVcommercials, 

Although an advertising campaign that uses all the 
foregoing media is vcy costly and unfeasible for most 
integrated projects, costs can be reduced and an impor-
11ant 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 or. the station 

that most of them listen to) are used, thereby not 
having to spread limited resources too thinly; 

•promotion of the product theon news and other 
progotms ofpuli irut onconsumers and, 
programs of public interest to consumers; and,
 

special campaigns for shopkeepers (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 purchases, the product is a success. If initial purchases arehigh 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 but 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 without 
having to risk much investment. For that reason, itshould be carri".d out as part of pilot project when thL. 

final products are ready for the consumer market. 

Feasibility Study 

At the end of the pilot-lcvei experience, an assessment 
is made the results to date, including a financial analysis 
based on the assumption that the financing oftne project 
would involve interest payments equal to those that 
would have to be paid in the commercial phase of the 
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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 
ProductLow or promotion 
failureproblem 

Source: Kotler 1986. 

project. Table 4 shows the elements that shouil be This model includes financial costs even though 

included in the feasibility study. they are not incurred during the pilot stage. Calculations 
are based on the same interest rate u.s 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. le return on the capital invested should 
determine the plant's profitability. 

Table 4,. Elements for the feasibility study. 

"lticprocess itself. Quantilicttion of the markcts ba:sCd ol the pilot process, 

ccount tCe I*OlltM Ig:
tLaIu.,oSts, adjustIng (lhe calc taking into

" 	A nalysis of ways to rXI 

of tile infrastructure or equipinent On the basis tOf o rice bPe.hvi)oro,the pr dlutct atld Is conIcitiors. 

their utilization and function during the pilot pkint 
.	 Ir.lport.lIon 'Ind .:rehousc Costs.phasc. 	 a 

" 	 Redesign of the plant with cotitncrciAl-scalc o l[xpc:IcncS, hoth po iti and negative, of the 

capacity and cIlculttio of s Or dit)rib.tors who by thc product intudgetry rc.uircment s tbusinese 

based on the pilot ptant experIenc. ordLr to hlcftin )aIaMItlt uc'h s lCv,.Is otf 

in a ts. 
Raw matcrial spetciit.tons or dclining p;rainctc r Ofo 


acccptahlc quality. . Nth1 of prodLtioI dluringIhe ear.
 

Specifiealtions for Oiperating lit CquiLpMcnt. 	 . C.'niversiotl fictor for frcsh to processcd pr(xJuct. 

Specifications for the final product bta,,ed on those for 
matcri:l ind availability during

the raw material, the process, and in accordance with • Price for raw 

market requirements detected in the semi-commercial the year. 

phase. 
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bc greater than that obtained if the funds were invested 
on the financial market (financial rate of return). 

This model also makcs it possible to conduct a 
sensitivity analysis by varying the prices of the raw 
material, operating costs, the conv rsion factor, etc., in 
order to determine how the financial rate of rcturn 
would respond to these changes. It is also important that 
the project be in a position to absorb a rise in the cost of 
the raw material and still make a profit. If the feasibility 
study is positive, then the decision is made to proceed 
to the commercial phlsc, which is dealt with in a sub
sequent section of this workshop. 

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 
comncrcial processing. This paper has reviewed the 
various dimensions involved in operating a pilot 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 
expcrimcntal operation of the plant. Issues here include: 
organizational structure (i.e., farmers' orgmi'antions), 
the supply of raw material, processing and promotion, and 
sale of the test product. Successful completion of the 
pilot-scale phase culminates with research for expand
ing pilot scale operations to full commerciad level in 
which the knowledge and expcrienceacquired in the pilot 
phase are utilized to evaluate th'- commercial potential 
for specific products and proccsscs. 
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Low-cost Potato Processing:
 
CIP's Experience with Pilot Plants in Peru
 

Siert G. Wiersema I 

Abstract 

Tlhe International Potato Center's (CII) experience with potato processing plants in Peru has gone 
through various learning stages. In the first stage, suitable small-scale processing equipment was 
developed for processing starch and dehydrated potato. Due to low profit margins, few rural entrepreneurs 
adopted the equipment. 

In the second stage, a market survey was carried out to identify the needs of low-income consumers. 
Results of that study found that a potato-based food mix had commercial potcntial. Several food mixes 
were consumer tested and processing mclhods wN'crc developed. A pilot plant was set up to test processing 
procedures and determine costs and returns. In the next stage, ('II's pilot plant became a center fortraining
and experimentation for food scientists, development assistance organizations, and rural entrepreneurs. 
Processing methods and products were further modified in close cooperation with these groups. As a 
result of the interaction between research stalffand users of the pilot plant, several processing units were 
implemented, each adapted to specific local conditions. Based on these experiences, suggestions for 
setting up pilot plants arc given. 

Key words: postharvest technology, mixes. 

Introduction high prices of raw material meant profit margins from 
potato processing were low. Consequently, most rural 

The International Potato Center (CIP) has concentrated entrepreneurs were hes-itant to invest in processing equip
its processing research in Peru on upgrading traditional ment for trnsforming potatoes into starch and dehy
methods and on development of technologies for use at dited products. 
the village level by rural entrepreneurs. As a iesult, it was feltthat a broad-based and 

flexible processing capability would need to be devel-Traditionally, fiarmcrs in the Andean region process opcd that could respond to market needs and produce a 
parl of the poIato harvest into dchydratcd poiaocs w hich range of different products in order to make simple 
are used in various local dishes. Initially, (11P dvelopcd potato processing mote atlracl.ive to rural entrepreneurs. 
a simple pilot proccssing plant for converting potatoes 
into starch and dchydr:ntcd products. Small -scale eqnuip
mcnt was designed that could be Casily built by local 
manufacturers. The pilot plant was located at one of Low-cost Potato-based 
CII's experimental stations (I luancayo) in a major po- Food Products 
tato produclion area in the central highlands. Several 
entrepreneurs showed intcrest in the plant and its equip- After the experienice with dehydrated potaloes and starch, 
ment. However, limited market demand and relatively a new processing project was started. This project would 

International Consultant, Univcrsity of Wageningen, Depairt ment otCrop Science, Acacial aan 36,6721 ('1'lennekon, "IleNetherlands. 
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explore ways of utilizing potato in processed products 
according to the needs of low-income consumers. It -.,s 
envisaged that ihe activities in Peru would serve as a 
testing site and that specific products would be devel-
oped for the Peruvian market. The project was to em-
phasize a commercially-orented approach to product 
development. Experiences from the project in Pcni would 
then be reFlicated in other countries, 

A market survey was carried out in various urban 
areas with emphasis on identifying the needs of low-in-
come consumers. The surey found dhat seasonal price 
fluctuations of fresh potatoes make the crop too expen-
sive for many consumers during certain months of the 
year. The survey also identified the need for easy-to-
prepare breakfast foods, because in Many holseholds 
both parents have ajob that takes them out of the house. 
Results of the survey indicated that a potato-based food 
mix would hlave a high probability of acceptance in the 
market provided that the Mix would be extcncd with 
low-cost cereals and legumes to make it affordable by 
low-income consumers. Subsequently, different conl
binations of Potatoes, cereals, and legumes were pro-
cessed into nultitious food mixs. These mixes were 
extensively tested through communal kitchens located 
in !ow-income urban areas. Based on consumer reac-
tion, the m.ixcs were further motdified to arrive at a 
limited number of acceptable fonnulatiolns. 

Subsequently, the development of processing pro-
cedure for the selected mixes wa cDarried out irocls 
experimental processing plnt. Dctails of rocessing 
prcedur s and consumer tests cn be found in Keane 

Pilot Plant Experiences 

After developing the processing proccdurcs, a section 
of the experimental plant was usc'd to assemble Icorm-
plete processing line for producing potato-baised food 
mixes. Considerable quantities of this product were 
produced by the research group to gain experience wit h 
the technology, to evaluate shel ft ifc ofthefprod uct, and 
!o supply various communal food centers to continue 
consumer testing ofthe product. Processing equipment 
,as well as proccessing were modified ::everal times. 
Eventually, the process wa.s well undercontrol, and cost 
and returns could be determined. At this stage, fIod 
scientists, development assistance organizations, rural 
entrepreneurs, and other interested groups were invited 
to participate in the furi her development of this technol-
ogy. Within the experimental plant, a pilot processing 
line was set up to serve as a prototype. 

Once the technology was introduced to the various 
groups, itbecame clear that one important role of CIl's 
experimental/pilot plant would be to enable individuals 
and groups to experiment with the technology. Several 
people indicated the need to modify the processing 
methods to fit their specific situations. However, they 
lacked the research facilities to do this work. As a result, 
during several years CIP'S pilot plant became a center 
for training and experimentation for numerous persons 
interested in xtato processing. Furthermore, the inter
action between cllr's research staff, visitors, and users 
of the pilot plant resulted in the development of addi
tional products. Also, cII-'s staffat the pilot plant were 
invited to help implement small rural processing plants 
in va.ious Andean communities. As a result, several 
sniali processing units were implemented and adapted 
to specific local conditions. 

Replication of 
Pilot Plant Experiences 

Itis imporlant to note that the pilot model for producing 
potato-bascd food mixes was never replicated in its 
entirety. In all cases, certain experiences with the tech
nology as well ais certain, specific components of the 
proccssiig line, suchas equipmenland the useofclieni
cals, were utilized. In one case, a nationally recognized 

local center for technical and social devclopment (Centro
deldeas)used tile ('1 pilot plant to work out and design 
their own rural processing facility. Initially, Cetro (ie 
Ideas planned to rcplicate Cl'1s prototype. Hlowever, 
after approximately two years of cxperimentation with 
t ll's equipm.ent and processing procedures in the ex

perimental plant, the processing facility Centro dleIdeas 
proposed showed little resemblance to the original (1l' 
prototype. For example, due to economic considera
tions, Centtrode Idetasdecided to increase plant capacity 
and to mak,11e it amulti-purpose processing facility where 
,i range ol products from di ffercnt crops could be made. 
IlII other words, (1 's original approach of setting up a 
bro. d-b1sed and llexiblc processing capability was taken 
one step further to include all maJor Andean crops as 
raw matcrial for rocessing. This enabled tie plant to 
be in continuous operation throughout tie year. Po
tatocs would be included in tie process only when 
iwailbble at sufficiently low prices. Details of the ex
perience at Centro de hILeas, hicluding a commercial 
appraisal, can be found in ATI (1980) and Scott eo at. 
1991. 

After completing its own processing facility, Ceniro 
1ie Ideascontinued to modify its processing procedures 
ais well as equipment. Since the facility was built near 
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CIP's pilot plant, a productive interaction between both 
processing facilities was maintained. Visitors and rural 
entrepreneurs from other parts of the country would 
often visit both plants on thc same trip, 

Most of the modifications implemented by Centro 
de Ideas resulted from economic considerations and 
practical experience in cmll's pilot plant. For instance, in 
ClP's original proccssing procedures for potato-bascd 
mixes, a dry flour of legumes and cereals was mixed 
with a wet mass of boiled, mashed potates. 'he reason 
for this procedure was to reduce tie over-ll moisture 
contcnt of the unfinished food mix to l,'-ifitate solar 
drying. Adecrcase in dr'ying time of the ini.: was impor
tant to reduce risks of spoilage and increaise the overall 
quality of the food mix. Since solar-drying alpeared not 
ic bk practical when larg,. quanlities have to be dried, 
Centro de Ideas introduced a combination of solar and 
fucl-bascd drying. A!though this considerably reduced 
drying efficiency, it eliminated the need for pre-drying 
'he food mix through mixing cereal and legume flour 
with mashed potatoes. Instead, Cenlrotie Ileas, swell 
as several olher processing units, produced dry, pure 
potato flour as well as dry flour of several other crops. 
Specific food mixes were then made by mixing these 
flours in specific proportions. 

Centro tie Ideas placed contsideral-c emphasis on 
the marketing oftheir prod ucts anld choice of packaging 
labels. The commercial aspects of processing as cx-
pericnced by Centro deIleas complemented t[ie tech-
nical expecrence at Cll's pilot pl:.nt and mnust be seen as 
an invaluable component of Clil's experience with po
tat() processing inlPeru. 

The processing ,ibcility of Centro de Ideas con-
tinues to function today and the experience acquired 
serves as an importan! reference l)int for rural entre-
preneurs interested in processing Andean crops. 

Conclusion 

Based on Ctl,'s experience, the Following szggistions 
for setting up pilot plants have been identified, 

" 	 A pilot plant for processing should b,. located in :n 
area where the raw material is widely available and 
where some interest in proce:sing already exists. 

" 	The design of the pilot pl:int should be sufficiently 
flexible to allow experimentation with alternative 

processing systems and to permit regular modifica
tion of processing techniques and equipment. 
The organization ofpilot plant activities should not 
only fcilitatc training but should also provide the 

opportuaity for experimentation by interested rural 
entrepreneurs that have no processing facilities of 
their own. 
The initial level ofinvestmnt in processing facilities 
should be in accordance with the overall pilot plant 
objectives. This applies to construction material for 
the building as well as to the type of processing 
eqipet. 

9 	 Economic returns of processing should be evaluated 
in close cooperation with rural entrepreneurs. 

* 	 Specific attention needs to be paid to securing financ
ing for new processing units to be set up. The or
ganization responsible for the pilot plant can some
times assist in securing loans for ural entrepreneurs 
by guaranteeing technical backstopping for pro
posed, new processing plants. 
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Cassava-based Feed in the Philippines: 
the ViSCA Experience 

G. R. Gerona1 

Abstract 

This paper presents an overview of the utilization of cassava by the livcstock industry in the Philippines
with cmphlasis on the experience in the piloting of a feed mill with cassava-based formulations. Despite
the industry's high dependcncc on imported yellow corn as an energy source, interest in the pilot project 
came about in late 1983 when the scarcity of foreign exchange, brought about by the devaluation of the 
peso, made importation of yellow corn more difficult and expensive. 

The pilot feed mill ploject(demonstrated, technically and commercially, the use of cassava to completely
replace corn in the various diets of hogs but only to a limited level in the diets of poultry. With cassava 
chips priced at 60-80% of the price of corn, the cassava-bascd feed was cheaper than the corn-based 
formulation despite the increase in lie use of protein-rich ingredients to overcome the inherently low 
protein content in cassava. The experience also manifested the important role of a small, village-level
feed mills in encouraging the csiablishnient of backyard pig and poultry projects and in improving the 
farrgate price of cassava chips. It also demonstrated tlc constraints encouncred when operating a
commercial or business-like project following restrictive government auditing rules in thc procurement 
of supplies. 

Key words: action-research, cassava-based, corn-based, f*cd mill, mixed feed, substitution. 

Introduction Research and Training Center (IPRCIC) is located. The 
feed mill was operated as a pilot project from February

The poultry and pig industries in the Philippines have 1984 to June 1987, after which it became part of the
been heavily dependent on imported corn aud other incomc-gencrting program of the college, while con
major ingredients not readily available. The keen but linuously serving as a facility for instnction, research,
passing interest here in the u.seof'root crops to substitulte and _'xtcnsion. The project's objectives were: (1) to
for corn in the diets of non-ruminant livestock %%a.', spearhead the gen,ration and development of root clop
triggered by the problem of foreign exchange brought baNcd feed technology; (2) to dcmonstrate the feasibility
about by devaluation of the peso in lale 1983. This of commercially formulatcd root crop-bascd animal
condition made importation of feed stulfs difficult arod feeds; (3) to provide a supply of low-cost quality feeds 
expensive. to local raisers and to encourage local animal produc

tion; (4) to provide a market to sustain the production
Hence, Pilot Feed Mill, an action-research project of roow crops; and, (5) to package and disseminate the 

was strategically situated at the VisayLs State College technology generated and developed.
ofAgriculture (ViSCA), where the Philippine Root Crop 

Department of Animnl Science and Veterinary Medicinc. Visayas State College of Agriculture (ViSCA), Ilaybay, Leyle, Phillipines. 
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An Overview of the Feed Industry 

Location and Capacity of Feed Mills 

One hundred twenty-three feed mills with a total rated 
capaciy of 1.52 million tannually were registered with 
the Animal Feed Control Division of the Department of 
Agriculture in 1985 (Map 1). It can be seen that the 
location of most feed mills is concentrated in two stra
tegic areas: Metro Manila and its adjoining regions to 
the north with 81 units (66%) and Metro Cebu and 
Central Visayas with 12 units (10%) to serve the de
mands for mixed fee!s in the central part of southern 
Philippines. These feed mills have an aggregate capac-
ity equivalent to 74% and 19%, respectively, of total 
rated annual capacity. 

Cabainilla (1988) indicated two main reasons for 
this phenomenon. First, the livcstock industries are con-
centrated in the Metro areas, Manila and Cebu, where 
tie demand for feeds is higher. And, second, imported 
ingredients enter the country through Manila ports as 
well as Cebu ports. As a consequence, the lack of 
regulations and the inefficiency of domestic transporta-
tion makes it more costly to ship ingredients, particular-
ly corn, from Mindanao, where it is produced, than from 
foreign ports such as Bangkok. He further reported that 
51% of the total rated capacity or 68% of the actual 
production is controlled by the 11 large feed millers who 
are all members of the Philippine Association of Feed 
Millers Incorporated (PAFMI). The biggest five of the 11 
feed millers are integrators. In addition to feed manufac-
turing and marketing, they are also engaged in produc-
ing, processing, and marketing livestock products. 

Feed Production 

Fom 1977-85, the Philippines produced an annual total 
averageof 961,385 tof commercial feeds (Table 1).The 
trend of production was increasing from 1977 to 1983 
which may be indicative of the growth of the poultry 
and pig industries. However, the output of mixed feeds 
declined from 1984 to 1985 which likewise reflected the 
decline in animal inventory and, consequently, in the 
demand for feeds as the country experienced an econ-
omic crunch brought about by a currency devaluation. 
This, in turn, led to skyrocketing prices for imported 
ingredients. 

Importation of Feeds 

The growth of the livestock industry, particularly poultry 
and hogs, has been dependent on imported ingredicints. 

The two leading imports in terms of volume and value 
have been yellow corn and soybean meal, followed by 
meat meal and fish meal. Figure 1shows the geometric 
increase in the quantity of imported yellow corn and 
soybean meal from 1965 to 1984. The annual average 
volume from 1980-84 of imported yellow corn was 
310,933 t valued at USS 51.3 million and soybean meal 
was 287,793 at US$ 75.3 million. 

Utilization of Cassava as Feed 

The continuous high importation of corn, the traditional 
source of energy in the diet of non-ruminant livestock, 
as presented in Figure 1, implies the failure of the 
country to produce enough to meet the burgeoning 
demand. On the other hand, cassava, as reflected in 
Table 2, has been used by the feed mill industry to 
replace corn probably when available or at times when 
inventories of corn were low. Aithough it is difficult to 
determine the extent to which cassava had been used for 
animal feeds, nevertheless, Cabanilla (1988) has made 
an estimate based on the assumptions indicated in the 
footnotes ofTable 2.His calculation showed an increas
ing use of cassava for feeds from 11.6 percent in 1961 
to 33.1 percent in 1983. However, data from 1983 to 
date are not available since corn has become limited due 
to the problem of foreign exchange. Incidentally at this 
time, concern about utilizing root crops as an alternative 
to corn increased as indicated earlier. Although some 
feed millers, through personal contact, have admitted an 
increase in their usage of cassava imported from Thai
land, they attributed the highly irregular supply-not to 
mention the problem of quality of locally-produced
chips-as the main constraint in the increased and con

tinuous use of cassava. 

The ViSCA Experience 

The Structure of the Pilot Feed Miil 

As an action-research and a commercial pilot project, 
the following features of the ViSCA pilot feed mill were 
considered. 

Production and Marketing 

The goal was to produce anu sell a proven root crop
based formulation. The activities of this section in
cluded the procurement of supplies following 
government procurement procedures and establishing 
linkages with suppliers and users. 
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Map 1. Location and capacity of iegistered feed mills in 1985. 
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Table 1. Volume (t) of mixed feed production by type, 1977-86. 

Year Poultry Swine Cattle Ilorse Others a Total 

1977 536,769 211,884 4,623 3,594 7 756,877 
1978 
1979 

603,155 
608,533 

262,483 
264,147 

4,655 
7,953 

3,708 
3,324 

4,249 
5,526 

878,250 
889,483 

1980 648,450 253,226 19,142 3,466 22,692 946,976 
1981 695,504 321,083 6,026 3,386 7,103 1,033,102 

1982 785,546 364,421 9,030 3,261 10,656 1,172,914 

1983 767,572 363,621 4,441 2,871 6,105 1,144,710 
1984 639,338 346,428 2,474 3,686 11,638 1,004,564 
1985 484,357 319,449 2,747 3,653 15,385 825,591 

Average 641,025 300,749 6,899 3,450 9,262 

Source: Philippines, Bureau ofAnimal Iulustry. 

aThis includes feed for pigeons, crustaceans, fish, rabbts, ducks, and goats. 

Research and Development 

Its activitywassupportivetoproductionandmarketing. 
Experimentation was required before the commercial 
production of certain formulations. When possible, tests 
were to be verified at the farm level to enhance con-
fidence in results (Appendix Tables 1,2, and 3). 

Extension 

The goal was to organize training on production and 
processing of roots into chips is well ais providing 
tef'hnical assistance to other feed millers and livestock 
raisers to promote adoption of the root crop-based feed 
technology, 

The strategies employed for the operation were more 

tuned towards achieving the commercialization of the 

project. 

Establishment of Linkages and Credit Lines 

Shortly before the operation began, all possible sup-
pliers and private and government agencies that could 
be of assistance to the project were identified and con-
tactedeitherby avisitorlettertoestablishlinkages (Fig. 
2). The possible outlets and user-' were also identified 
and likewise contacted as part of market development. 

Credit lines were extended by almost all of the 
major suppliers at varying amounts and terms once the 
integrity of the feed mill operation was proven. One 

supplier, for example, extended a credit line of as much 
as P 100,000 (US$ 4,348) for 15-20 days. This arrange
ment or privilege was very useful to the operation 
considering its meager initial capital. 

Direct Purchase of Chips from Farmers 

The basic idea was to let farmers get the most return 
from their produce by shortening market channels. How
ever, during the imaplementation, this strategy failed 
because farmers were producing only small quantities 
of chips and they encountered difficulties in transporta
tion and communication with the pilot feed mill. The 
problem caused by the urgent and immediate need for 
cash by farmers once the chips are marketable also 
contributed to the failure of the direct purchase strategy. 
The pioneering experience of the pilot feed mill de
monstrated the important and practical role played by
local assemblers, alt hough the lhamers receive lower e r lowerpri e rnbersoodshough thes 
prices for their goods [ram these trade. 

The arrangcent to schedule purclhasing and haul
ing of chips at selected locations along the route also 
turned out to be expensive due to irregularity of the 
volume that could be ride available during the sched
uled trip. Under the prevailing conditions in the rural 
Philippines, what proved to be a more practical arran
gement was for the village merchants to deliver the 
chips to the pilot feed mill. 

For chips. To encourage production of root chips, a 
price incentive was offered. This price, however, took 
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Figure 1. Average quantity of Imports of major feed ingredients. 
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Table 2. Utilization of cassava supply and use, 1961-83 a . 

Year Total production Food Manufacturing Fecd Total use Balance 

1961-70 529,575 361,215 (68.2) 109,886 (20.7) 61,279 (11.6) 532,380 -2,805 

1971-80 841,476 3A,07 (43.3) 316,66 (37.6) 169,278 (20.1) 850,551 -9,075 

1981 1,589,565 417,285 (26.2) 837,848 (52.7) 336,641 (21.2) 1,591,774 -2,209 

1982 1,581,120 416,362 (26.3) 778,493 (49.2) 387,056 (24.5) 1,581,991 -791 

1983 1,182,676 413,153 (34.9) 309,231 (31.2) 391,030 (33.1) 1,173,414 9,262 

Source: Cabatnilla 1988. 
aAII figures are in fresh root equivalents (t). "The figures for feed use were calculated using anumber of substitution ratios of 

cassava to corn in feed requirements of swine and poultry. The ratio for 1961-74 was 2%; 1975, 4%7:; 1976, 5%; 1977, 7%; 1978, 
8%; 1979; 9%; and 1980 to date 10%. 
) = Percentages. 

Figure 2. Established linkages. 
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into consideration the inherent low protein content of 
root chips as a corn replacement which needed a higher 
protein supplement in order to meet the nutritional 
requirements of a given class of animals. Considering 
further the interaction between the price of corn and 
soybean, itwas found that the price ofchips, particularly 
cassava, should be from 60-80% of the price for corn. 
The lower limit of 60% was more advantageous to the 
livestock grower. On the other hand, the upper limit of
80% would encourage root crop production. Being a 

erootcropdevewulop enura projectcaimd Btingas 

taining root crop production, the pilot feed mill pegged 
the price of dried root chips at 80% of the price of corn 
FOB mill site. 

Grading of chips. During the early stage of the opera-
lion no grading of deliveries of cassava chips was made 
except for dryness. This was mainly esti mated by either 
breaking the chips by hand or by biting, similar to the 
traditional way farmers determine the dryness of corn 
and palay.As a result, cassava chips delivered were of 
highly variable quality with respect to color and the 
presence of foreign material. Later, agrading classi fica-
lion was instituted to encourage production of quality
chips. The better the quality, tile higher the price, aschips.inT tle the itt e mpe, sAfterul n theshown in Table 3. After the institution of the simple 

quality grading system, the qu,:lity of chips delivered 
improved considerably. 

For formulated feeds. The principle of competitive 
pricing was the marketing sralegy used in order to sell 
the newly formulated feeds. The guidelines were: (1) 
the price must take into account the ex-plant prices of 
feeds of leading brands produced on a nearby island 
(Cebu), one of the major feed manufacturing centers in 
the country; (2) prices must be lower than the local 
prices of leading brands; and, (3) in no case shall the 
price of feeds be less than the cost. 

Table 4 shows the comparative prices of feeds 
produced by the pilot feed mill versus those of a leading 
brand in the local market. The price differences, par
ticularly at the local market, indicate the competitive 
edge of the root crop-based formulations. 

Table 5 indicates the profit margins of feeds prod
uced ans old by the pilot feed mill. The profitability of 
cassava-based eed wans found igher (where corn iscopelyrlad)tncr-bs.Aoprsnn 
the cost effect of substituting corn with cassava is presented in Table 6 which showed lower costs of cassavabased formulations. It may be further pointed out that 
the ViSCA cassava-based formulation is much cheaper 
than the official recommendation (Philippine Council 

for Agriculture and Resources Research and Develop
ment 1987). 

Quality Control 

Prime consideration was given to quflity control in the 
commercial production of feeds, although this was oc
casionally hampered due to inadequate laboratory facil
ities. Samples for analysis were sent periodically to 
other laboratories to determine the quality, particularlyof locally-sourced fish meals, a highly variable productwhich is a critical ingredient in feed formultion. 

Feedback from users of the root crop-based for

mulations was monitored as part of the quality control 
scheme for the product. 

Product Identification and Labeling 

The finished products were neatly packaged in properly 
labeled 50-kg bags.The trademark "ViSCA FEEDS" was 
printed to facilitate marketing because the name and 
integrity of the College as an academic and research 
institution are known all over the country. 

Table 3. Quality pricing of cassava chips at the pilot feed mill (July 1985). 

Grade 

First class US$ 0.11 

Pricc/kg 

(P 2.50) 

Bases for grading 

Moisture content, color, 
fungus, and foreign matter 

Second class US 0.098 (12 2.25) 

Third class USS 0.087 (12 0.00) 

Source: Project records. 

Note: The price of corn in July 1985 was at P3.10/kg (US$ 1.00 =12 23.00). 
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Table 4. Comparative selling price (US$): ViSCA Feeds vs. leading commercial brand at the local market. 

1984 1985 1986 1987 

ViSCA Commercial ViSCA Commercial ViSCA Commercial ViSCA Commercial 

Cassava-based: 
Hog startera 10.72 
Hog grower b 9.78 
Ilog finishcrb 8.93 

12.42 
11.41 
10.60 

11.25 
10.28 
9.37 

13.99 
12.39 
11.52 

11.52 
11.26 
11.08 

13.26 
12.39 
12.04 

9.78 
9.35 
8.69 

10.86 
10.22 
9.56 

Corn-based: 
Broiler starterc 12.61 
Chick growcr c 10.87 
Layer mash 11.55 

15.51 
13.26 
13.89 

13.24 
11.41 
12.13 

1.19 
14.26 
15.49 

15.26 
12.17 
12.39 

14.60 
12.39 
13.26 

11.95 
11.08 
11.30 

14-35 
11.95 
12.39 

Source: Projectrecords. 
a50/50 casLava and corn for energy source.
 
bCasava-based.
 
CCom-based.
 

Exchange rate = US$ 1.00 to P 23.031. 

Table 5. Profit margin per 50 kg/bag for ViSCA feeds, 1987. 

Kind 

Cassava-based: 
Ilog starter 
1log grower 
Hog finisher 

Corn-based: 
Broiler starter 

Layer mash 

Chick grower 


Source: Projectrecords. 

Selling Cost of 
Price" Production Margin (%) 

(USS) (P) (US$) (42) 

9.78 (225.00) 8.41 (193.44) 16.32 
9.35 (215.00) 8.34 (191.73) 12.14 
8.69 (200.00) 7.60 (174.87) 14.34 

11.96 (275.00) 11.22 (258.20) 6.51 
11.30 (260.00) 10.30 (237.00) 9.70 
11.09 (255.(X)) 9.89 (227.54) 12.60 

abases for mark-up price: cost of production and ex-plant price of leading brand (Cebu). 

Exchange rate (US$ 1.00 to P 2.3.00). 

Contract Growing Scheme 

The pilot feed mill as a developmental project later 
included a contract growing scheme for hog fattening 
which was patterned after the broiler growing contract 
which is carried out by the five major feed mill in-
tegrators in the country. The fattening scheme had the 
following objectives. First, to try to accelerate the de-
velopment of the backyard hog raising industry in this 
par (Leyte) of the cotietry; and second, to create mar-
kets for its own manufactured cassava-based feeds. 

After the initial success ofthe fattening scheme and 
three consecutive production cycles, the sow-piglet con
tract growing scheme was added to help assure the 
village of a source of weanlings for fatteners. This had 
become a problem after the second cycle. In the two 
schemes, the project provided weanlings and/or sow, 
feeds, medicines, and technical assistance. The coop
crators provided housing made of local materia.s, and 
the care, feeding, and cleaning necessary to assure the 
well being of the animals. The costs and returns as 
presented in Tables 7 and 8 are encouraging from the 
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Table 6. Cost effect of substituting cassava for corn in hog rations. 

Formulation 

Corn-basedb Cassava-based ViSCA cassava-based 

Ingredient Pricea (%) R(%) (%) 

Com 5.00 59.74 298.70 ........ 

Cassava meal 3.00c .... 43.62 130.86 50.00 150.00 
Soy bean meal 8.40 

Copra meal 2.50 
Molasses 2.60 
Ilycaphos 3.00 
Salt 2.60 
Vit Premix 72.00 

Coconut oil 6.00 
Melliorine 80.00 
Fish meal 11.80 
Rice brain 4.00 
Meat & bone meal 10.50 

Total 

Source: Project recg,,. 
aI1rices of ingredients as of August 199 

locally available. 
bl-rom PCARRD 1987. 
CSixty % of the price of corn. 
dExchange rate USS 1.00 to P 28.00. 

23.34 i96.10 30.74 258.22 16.50 138.60 

7.63 19.80 12.10 30.25 14.00 35.00 
6.00 15.60 6.00 15.60 2.00 5.20 
2.59 7.77 2.15 6.45 .... 
0.50 1.30 0.50 1.30 0.25 0.65 
0.20 14.40 0.20 14.40 0.25 18.00 

.... 4.62 27.72 .. 

.... 0.07 5.60 .... 

........ 6.00 70.80 
........ 10.00 40.00 
........ 1.00 10.50 

100.00 552.95 100.00 490.40 100.00 468.75 
(US$1 9 .75 )d (USS 17.51) (US$ 16.74) 

OF:11 Metro Cebu except for copra meal, cassava meal, molasses, and rice bran which are 

standpoint of development, for the cooperators as well 
as for the project. 

Technical Assistance 

Although the technology for root croj,-based feed for-
mulations was available to everyone, the project incor
porated into its activity technical assistance to hog raisers 
and feed mill operators to facilitate adoption. Personalcontact at falrms and sites was made and an invitation 
oncto visit pilt feed mill to reinlbrce the initial 

given tovisit 

In addition to ,ie contact visit, a regional verifica-
tion feeding trial was conducted on layers and hogs 
tatteiers in southern Luzon (Luzon isthe biggesi island) 
with the financial support of the Farming System Re-
search Development Project of the Department of Agri-
culture. Results in both trials confirmed the earlier 
findings of the pilot feed mill that cassava can replace 
corn in the diets of layers and hogs fatteners. However, 
the replicability or establishment of an outreach pro-

gram in the Bicol region was hamstrung by the lack of 
funds. 

Production Figures 

Root Crop Chips 

Comparing cassava and sweetpotato, cassava is more 

readily available for feed utilization inasmuch as sweet
potato isconsidered more as a staple crop after rice and 
corn by the Filipinos. This may explain why the price
of sweetpotato at the wet market is two or more times 
higher than cassava. On the other hand, cassava, the 
sweet variety, will likely be used as food only during 
emergencies such as prolonged drought and a poor rice 
and corn harvest or typhoons. There is also more area 
planted to cassava (219,090 ha) than sweetpotato 
(184,332 ha). 

Figure 3 shows the great increase in volume of 
cassava procitred for feeds in 1986 and 1987. This could 
beattributed to the higher prices offered bythepilot feed 
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Table 7. Cost and return (Ri) analysis in hog fattening contract growing. 

Net income 
No. of Gross Expenses (cooperator Project 

Cooperator head income Stock Feed Medicine share) income 

1 3 4,806.00 1,890 2,238.00 14.60 663.40 267.00 

2 1 1,900.00 525 1,026.00 -- 348.40 100.00 
3 3 5,605.00 2,085 2,671.00 -- 849.00 295.00 
4 2 3,353.50 990 1,811.60 551.90 176.50 
5 3 5,510.00 1,950 2,671.00 -- 889.00 290.00 
6 3 8,295.00 1,600 4,340.00 24.00 2,331.00 395.00 

7 2 3,872.00 800 1,750.00 25.80 1,296.20 176.() 
8 3 5,817.00 1,350 3,190.00 58.50 1,203.50 277.00 
9 2 3,674.00 800 1,315.00 -- 1,507.00 167.00 
10 3 4,854.00 1,200 3,110.00 32.60 450.60 234.00 
11 3 6,050.00 1,200 2,515.00 18.00 2 275.00 

Total 53,733.50 14,390 26,637.60 173.50 12,406.10 2,652.50 

Average/head 1,919.05 513.03 951.34 6.18 443.08 94.73 

USS (68.54) (18.35) (33.98) (0.22) (15.82) (3.38) 

Source: Project records. 
Sharing: 	 All net income goes to cooperators [aS their share; the projects income is from marketing of fattened hogs because itbuys the 

hogs at A1.00 lower per kilo liveweight than the prevailing local price. The additional income of the project comes from the 
profit of the feeds used. 

Summary of total Net Income of the project per head of fattener: 
a) from marketing = 1P94.73 
b) from feeds - 113.86 

IA208.59 (USS 7.45) 
Ratio of cost and return of the project: P 208.59 1,481.45 = 14%. Feed consumption rate per head/cycle = 189 kg. 

Table 8. 	 Cost and reiurn analysis in saw-piglet contract growing (P). 

No. Gross Expenses Net Coops Project 
Cooperator weaned sales Feed Medicine income shares share 

1 7 2,800 1519.50 38.80 1241.70 620.81 620.85 
2 6 2,400 1348.00 48.95 1003.05 501.00 521.00 
3 7 2,800 1484.00 26.80 1289.20 644.60 644.60 
4 10 4,000 1522.00 32.35 2445.15 1222.55 1222.55 
5 5 2,000 1320.0 23.10 656.60 328.20 328.20 
6 6 2,400 1359.00 24.00 1016.00 508.00 528.00 

Total 	 13,880 8553.00 194.00 7651.70 2725.20 2725.20 

Average 	 2313.33 2313.33 32.33 1275.28 454.20 454.20 

USS 	 (82.62) (50.91) (1.15) (45.54) (16.22) (16.22) 

Source: Projectrecords. 
Sharing: Net income divided by two. 
Summary of total income of the project per sow: 

a) from share of piglet sold =R454.20 
b) from feed= 171.06 

P625.26(US$ 22.33) 
Feed consumption/head/cycle =333 kg. 
Exchange rate US$ I = P 28. 
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Figure 3. 	 Yearly procurement ofcassava chips, 
1984-87. 
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Table 9. 	 Production of feeds, 1984-87. 

Particulars 1984 

Metric t 117.70 
50 kg bag 2,354 
No. of buyers 63 

Source: Project records. 

mill which were about four times more than the usual 
farmgate price, along with the campaign to increase the 
area planted to the crop. In some instances, the farMgate 
price of cassava chips increased from about US$ 0.017 
(R0.40) to US$ 0.069 (P 1.60) per kg and the feed mill 
offered up to US$ 0.11 (P 2.50) per kg (FOB site)
depending on the quality. 

The 115 t of cassava chips procured in 1986 bene
fited about 123 farmers who found a market for their 
produce in addition to the increase in the farmgate price. 

Formulated Feeds 

Although the minimum capacity of the feed mill is about 
four t (80 bags) daily, it could only be operated from 
10-13% of its capacity as shown in Table 9. The low 
production of feeds could he attributed to low capital,
red tape, 	and cumbersome government auditing rules 
which caused delays in the procurement of materials by 
2-3 weeks. Its meager initial capital ofonly US$4565.00 

105,000) was borrowed by the project from the 
revolving fund of the college which compelled the 
management to turn down large orders from feed deal
ers from nearby cities and municipalities. Had there 
been no constraints ofthat type, the feed mill could have 
operated to almost full capacity. The lack of cassava 
supply, particularly during the earlier part of 1986, also

the operation to reduce production, although 
com was used initially and when cassava supplies were 

low. However, large quantities of cassava chips were 
procured only in the later part of 1986 (Fig. 3). 

The number ofbuyers progressively increased dur
ing the fouryears ofoperation (Table 9). This may imply
_hat many small raisers ventured into animal produc
tion, more particularly into hogs and poultry. The con-

Year 

1985 1986 1987 

114.60 
2,292 

105 

89.11 
1,782 

162 

154 
3,080 

188 
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tract-growing scheme under the umbrella of the pilot 
feed mill-initiated with fatteners and later with sow-
piglets-helped popula'ize the root crop-based formul-
ations in nearby villages. 

Comparative Feeding Values 
of Root Crop-based Feeds vs 
Commercially Formulated Diets 

Formulated root crop-based feeds are nutritionally com-
parable with the leading brand of commercial feeds 
available in the localities adjoining the sie (Table 10). 

Impact of the Pilot Project 

The project had several significant results; these are 
summarized below: 

e 	technically and commercially demonstrated the uti
lization of cassava to completely replace corn in the 
diets of animals, particularly hogs of all classes; 

e 	demonstrated the need to establish small feed mills 
(municipal-level capacity) to enhance the develop
ment of the livestock industry in the countryside; 

* 	enhanced theestablishment ofsmall (backyard) poultry 

and hog operations for which the supply of low cost 
quality feeds were provided; 
provided a market to sustain the production of cas
sava as evidenced by the increase of volume procured
from 16 t in 1984 to 115 1 in 1986 (the 3rd year 

operation of the project), and 105 t in 1987; 

e increased the farmgate prices of cassava chips from 
US$ 0.017 to US$ 0.07 (10.40 to R1.60) per kg. The 
project offered a price of US$ 0.087 to US$ 0.11 
(P-i.00 to R2.50) per kg FOB mi!l site; and, 

Table 10. Comparative feeding values of root crop-based and commercial feeds. 

Feeding 
Nutrient content standards values 

Hog starter 
Protein content (CP/I)P) 
Energy value (kcallkg) 
Calcium (1%) 
Phosphorous (%available) 
Carotene (mg/kg) 
Vitamin A (1,000 lU/kg) 
Vitamin D (IU/kg) 

Hog grower 
Protein content (CP/DP) 
Energy value (kcal/kg) 
Calcium (1%) 
Phosphorous (%available) 
Carotene (mg/kg) 
Vitamin A (1,000 lU/kg) 
Vitamin 1)(IU/kg) 

Hog finisher 
Protein content (CP/DP) 

Energy value (kcal/kg) 

Calcium (1%) 

Carotene (mg/kg) 

Vitamin A (1,000 IU/kg) 

Vitamin D (IU/kg) 


Source: Project records. 

n.d. = N! determined. 

18 
2900-3160 

0.65 
0.55 

7.0 
1750 IU 
200 IU 

16 
2800-3160 

0.60 
0.50 
5.20 

1300 IU 
200 IU 

13 
2850-3160 

0.50 
5.20 

1300 IU 
125 IU 

Root crop
based feed Commercial 

18 18 
2940 -

0.65 -

0.49 -

n.d. -

1750 IU/kg -

100 IU/kg -

16 16 
2959 -

0.50 -

0.43 -

n.d. -

2750 IU/kg -

1100 IU/kg -

13 13 
3010 -

0.50 -

n.d. -

2750 IU/kg -

1100 IU/kg -
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showed that contract growing of fatteners and sow-
piglets can be employed to enhance hog production 
in the rural areas as well as creating a local market 
for feeds. 

Income Statement 

In spite ofstringent auditing which seriously hampered 
operations, the feed mill was,able to realize a net income 
of USS 10,715.32 (R246,455.56) for the period cover
ing February 16, 1984, to Anril 10, 1987 (3.16 years), 
a shown in Table 11. Interest income of US$ 485.41([1I,164.56) was earned from the sales deposited inthle 
bank when the financial management of the operation
wask un the Depancitory Unibut oth iomeao 
withdrawn and transferred to the Trust Fund upon the
order of the government auditor in 1986. Thereafter, 
sres no longer earned interest incom,. 

Projected Demand of Cassava as Feed 

Conisidering the potential of cassava, an increase in 
yield (with fertilizaiion) and the concomitant decline in 

the cost of production and the inability of the country to 
produce corn, it is imperative for the livestock industry 
to use more and more cassava, p~uricularly if the import 
policy for soybean meal becomes favorable. Basd on 
the experience ofViSCA and the projected feed require
ment (estimated by Cabanilla 1988) by the year 2000, 
Table 12 show,- that the quantity of cassava chips and 
the corresponding hectarage required to meet the demand
oftlie animal industry at various levels of substitution. 

Issues to be Addressed 
Th~e pilot feed mill has lechnically and commercially 
demonstrated the utilizatio" of root crops, particularly 
cassava to completely iceplace c')rn in the diets of ani
mals, especially hogs. However, the adoption of the
teclmology has beenslow As reported, some majorfeed
manufacturers have started cassavausing when thesupply of corn is low. They always cite the problea, of 
the cassava chip supply, and their need for a greater 
quantity and better quality if they are to shift and con
tinuously use cassava in their formulations. The same 
issue has been raised by animal raisers mixing thei 'own 
feeds. Therefore, to promote and sustain the utilization 

Table 11. Income statement of the pilot feed mill, 1984-87. 

INCOME STATEMENT 
(For the period Feb. 16, 1984 to April 30, 1987) 

Sales
 
Feeds: 


Less: Cost of goods sold 

Wages 

Travel and 
Transportation 

Depreciation and 
other services 

Miscellaneous 

Net Profit 

Add: Other Incone: 
Platrate vehicle 
charging 

Interest 

Net Income 

Source: Project records. 

US$86,062.56 
(P 1,979,438.84) 

US$ 69,428.39 
(P2 1,596,853.09) 

3,551.79 
(81,691.15) 

647.37
 
(14,889.59)
 

2,553.13
 
(58,722.01)
 

59.97
 
(1,379.35)
 

76,240.65 
(1,753,535.19) 

9,821.91 
(225,904.65) 

408.10 
(9,386.35) 

488.47
 
(11,164.56)
 

USS 10,715.32 
(12 246,455.56) 
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Table 12. Projected demand for cassava as feed and area required, 2000. 

Required Corn required Levels cassava (chips) substitutionc
 

Livestock year mixed feeda (metric t)' Iligh Medium Low
 

Swine 5,324,011 2,62,006 2,662,006 1,331,003 665,502 
Broilers 2,704,749 1,352,375 338,094 202,856 135,238 
Layers 1,024,540 537,270 _ 91727l 

Tota! 9,103,300 4,551,651 3,134,418 1,614,450 854,457 

Area required (ha) d 

W/out fertilizer .... 1,316,982 678,340 359,645 
W/fertilizzr .... 464,358 239,178 126,588 

Source: Project records. 
acabanilla 1988.
 
bproportions of corn to teed mixture is50%.
 
cLevel of corn-cassava substitution based irom the ViSCA experience.
 

Iligh: 100% for swine and 2.5% for broilers and layers.
 
Medium: 50% for swine and 15% for broilers and layers.
 
Low: 15% for swine and 10% for bro;1crs and layers.
 

dArca required based from IPRCRTC unpublished data, 1915-86 which is5.67 t fresh/ha without fertilizer and 16.08 t/ha with 
fertilizcr. 

Note: Chip (with 14% mixture) recover 42%. 

of root crops as feeds, a national policy is needed which Bureau of Agricultural Statistics (unpublished data). 
the concerned agencies have failed to initiate. Vaious years. Department of Agriculture.

Diliman, Quezon City, Philippines. 

Further demotstration is needed by expanding the 

pilot feed mill project in livestock-growing provinces Cabanilla, L. S. 1988. Trends and prospect for cassava 
and centers, particularly where the weather is drier in thePhilippines. Inteinational Food Policy Re
during the harvest of root crops to faciliate processing search Institute (IFPRI). Washington, t).C., USA. 
and drying of chips. The establishment ofoutreach pilot 
plants in other areas which simulated the ViSCA CX- Philippine Council for Agriculture and Resources Re
perience has been hamstnng by the lack of funds. search and Development (P1CARIR). 1987. The 

Philippines recommends for livestock feed foc

mulation. PCARRD. Los Bahios, Philippines.References 

Animal Feed Control Division (unpublished data). 
Various years. Department of Agriculture. 
Diliman, Quezon City, Philippines. 
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Appendix Table 1. 	 Summary of results of feeding studies (100% cassava replacement for corn) in 
swine at ViSCA, 1984-88. 

Corn-	 Cassava- Swectpotato-
Class 	 based based 	 based 

Fatteners 
At ViSCA station 

Average daily gain, kg 0.55ns 0.61 ns 	 0.59ns 
Feed conversion 

efficiency 3.58a 3.15b 	 3.20ab 

At farmer's level 
Average daily gain, kg 0.42b 0.58a 0.56a 
Feed conversion 

efficiency 3.93a 2.60b 2.55b 

Contract growing 
Average daily gain, kg -- 0.64 
Feed conversion 
efficiency -- 2.90 

Starters 
Average daily gain, kg 0.38ns 0.35ns 
Feed conversion 

efficiency 2.72ns 2.87ns 

Breeding sows (long-term) 
All reproductive traiLs ns ns 

Source: Project record 
Note: Figures with the same letter are not significantly different at the 0.05% level, I)MRT. 

flog grower and hog finisher ratios contain hy weight 51) parts of corn and 60 parts of cassava or 
sweetpotato. 

Appendix Table 2. 	 Summary of performance of broiler feed with varying of root crops, 1985-87. 

Parameter 
Corn-based 

(n=75) 25 
Cassava rplaco.ment for corn 

50 75 
% 

100 

Ave. final wt (kg) 
Ave. daily gain wt (gin) 
Feed conversion 
efficiency ns 

1.38a 
28.23a 

2.23 

1.25ab 
25.4 lab 

2.36 

1.22ab 
24.82ab 

2.46 

1.06b 
21.56b 

2.65 

1.05b 
21.53b 

2.66 

(n=75) Sweetpotato replacement for corn (%) 
Ave. final wt (kg) 1.30a 1.23ab 1.l2ab 1.06b 0.90b 
Ave. daily gain wt (cm) 26.43a 25.17ab 22.86ab 21.50b 18.37b 
Feed conversion 
efficiency 2.41 b 2.37b 2.53b 2.73ab 3.11 a 

Source: Project records. 

Note: Figures with the same letter are not significantly different at the 0.05% level, DMRT. 
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Appendix Table 3. Summary of performance of layer feed with varying level of root crops, 1985-87. 

Corn-based Cassava replacement [or corn (%).... 
Parameter (n=10) 25 50 75 10( 

Egg production (%) (hen-day) 
Egg weight (gin) ns 

70.96a 
60.80 

66.90b 
60.53 

65.73b 
6A).33 

64.34b 
60.03 

,,U.8 
59.47 

(n=8) Swvetptato replacement for corn(% ) _ 

Egg production (%) (hen-day) 
Egg weight (gin) ns 

52.2a 
62.5 

52.5a 
64.1 

"2.7a 
60.3 

51.4a 
64.7 

45.8b 
64.7 

Source: Project records. 

Note: 1. Figures having the same letters are not significantly different at the 0.05% level, DMRT. 

2. The cassava and sweetpotato studies were conducted during different years. 
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VI. Expansion into Commercial Production
 

When a pilot plant becones technically and economically viable, decisions must be made 
whetherand how to expand to full comnmercial operation. These require consideration of a variety
of factors including the social objectives of the enterprise, raw material supply, market require
nents, economic analyses, and credit. This section begins by reviewing these and other elements 
to be tkefn into account when contemplating expansion into commercial production. Aseries of 
questions or issues to be resolved are outlined for each with the aim to provide flexible, but 
systematic guidelines for the principal points .o be addressed at this stage of new product and 
process development. The section also provider. an illustrative example frori the Philippines of 
the type of basic economic analysis neLede.d to assess the commercial viability of small-scale 
processing operations. Finally, as expansion into commercial production completes the product
development process, the section includes two case studies-one from India and one from 
Peru-that incorporate all the various aspects and offer a synthesis of the lessons learned in each 
instance. 

As Christopher Wheatley points out in his review of the Commercial Expansion Phase, a 
number of aspects nec_' to be considered carefully as the basis for deciding whether and how to 
expand operations of a pilot plant to that of 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 rav.v material supply, he notes that it is necessary 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. 

Economic monitoring of rural processing enterprises is the subject ofJ. M. Alkuino, Jr.'s paper 
on Costs and Returns to Small Scale Processing of Cassava and Sweetpotatoes in the Philip
pines. The report describes an alternative to the usual sample survey for generating data on costs 
and returns to small-scale processing. Use of the method is illustrated with examples based on 
the production of different types of processed products made for human consumption using
indigenous technology. Among the principal findings, Alkuino reports the use of inappropriate 
equipment (i.e., too labor intensive) and unnecessary quantities of particular ingredients (e.g., 
sugar). 
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In Village-level Potato Processing in Developing Countries: A Case Study of the SOTEC 
Project in India, Robert W. Nave and Gregoryj. Scott review the experience of a non-governmen
tal organization (NGO) in trying to develop village-level potato processing for low income 
households. Results to date highlight the technical complexity of this type of processing. Nave 
and Scott also stress the need for a multi-disciplinary approach to assess the economic viability 
of technical processing options and alternative postprod uction techniques. The authors conclude 
their study with a list of lessons learned. These cover such topics as the basic prerequisites of 
village-level potato processing; the need for time to develop-as opposed to transfer-village
level processing technology; and the observation that manigement and institutional arrange
ments are equally, if not more, important than certain technical bottlenecks. 

In Potatoes, Mixes and Soups: A Case Study of Potato Processing in Peru, Gregory J.Scott, 
David Wong, Maria Alvarez, and Alberto Ttipac Yupanqui analyze attempts of several institu
tions 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 clearly identify at the outset the relevant product 
characteristics and the target market segment. 
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Commercial Expansion Phase 

ChristopherWheatley 1 

Abstract 

Commercial expansion of pilot processing facilities rcquires attention to various considcratioms including: social objcctives, ,lie 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 farmerassociations, orsmall nral orurban entrepreneurs. Specific issues
related to each factorare also treated in sonic detail with examples cited based on the author'si professional
experience. The integration oftcclnical, 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 considcrcd carefully as a basis for making
this decision including: social objectives, the nature of 
the market including dcmaad estimates, product pack-
aging and promotion, raw material supply, distribution 
channels, administrative capability, economic and 
financial analyses, and financing theexpanded capacity. 

Social Objectives 
When designing the commercial 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 ventures. This means that cx-
panding from a pilot 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 aspecial enterprise located near large urban markets 
or could be done by a second-ordcr organizaition. 

The rmation and consolidation of these rul enter
prises isa relatively slow process, which is complicated
by the fact that the legal registrtion of these groups
entails bureaucratic processes that can take considerable 
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 x)or)
credit history. In many countries, a coop or association 
cannot be incorporate s a legal entity unlcss all mem
bcrs have a title to their land. Where tenure rights have 
neverbcen legally regulated, a; is typically the case Aith 
small root and tuber farmers, this is a major limitation. 

Hlcad, Utilization Section, Cassava Program, Centro Internacional de Agricultura Tropical (('tAT), Apartado A6reo 6713, Cali,
Colombia. 
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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 fnd. 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 addrcssed inthe project if 

it is to reach a commercial expansion phase and if 
benefits arc 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 fecd, and industrial 
uses. The type of market affects the quality of raw 
materials required, marketing strategy, and financing 
requirements. 

Industrial Markets 

The number of ix)tential industrial clients in a country 
is generally relatively small; thus it is feasible to estab-
lish personal contact with most of tlie'-. Typically, 
decisions to purchase a new product are inade by com
pany purchasing agents who take into coliside ation 
price, quality, continuity ofsupply, and competing pro-
ducts. Since demand is relatively easy to estimate, market 
testing is not usually req:jired, 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 cstablished, projections 
have to be made as to: 

" 	the association's or coop's capacity to meet that 
demand; 

* 	 the industry's qualityand packaging requirements, if 
any; 

* 	 the possibilities Gf establishing contracts or pricing 
agreements; and, 

" the terms of payment (this iscritical for determining 
cash flow requirements). 

The root and tuber proccssors can normally handle 
marketing and distribution aspects thcnmsclvcs. Care 
needs to be taken to program product supply rcalistical-
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. 

31o 

Consumer Markets 

This type of market is much more complex and requircs 
significant testing of consumerdemand before a realis
tic marketing strategy can be dcveiopcd. Consumers' 
decisions to purchase are not always taken on a logical
basis. Rather, [actors such a.product imge and sensory 
stimuli can have more impact than nutritional value on 
the final decision to buy. Adverlising plays an important 
role in promoting that image. 

Product distribution isalso much more complicated
because purchasing Iabits differ significantly among 
social stratl and also depend on location of the residence
relative to access to the retail outlet. 

The Ibrcgoing is made much more complex when 
one considers the numbers involved and the problems 
inherent in trying to charactcrizc the -typical" urban (or 
rural) consumer or retail outlet. Surveys mu.st be con
ductcd, organoleptic tests run, and a markct plan devised 
if it hls bccn shown that: 

a the product meets ar. identified need of consumers; 
9 packaging (sizc and appearance) is acceptable; 

• thcre appears to be good intent to purchase at a given 
price; and, 

* 	 distributors and retailers find the product and profit 

margins acceptable. 
Consumer awarcncss ofa new product does notjust 

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 pr')mote con
sumer products emph.sizes price, convenience, quility, 
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 lor a consumer market is a costlyerror, besides being frustraling [hr a consumer who 

cannot find an advertised product. This situation can be 
avoided by: 

* 	 ensuringan adequate raw material supply; 

• maintaining sufficient product inventory to meet cx
pected demand; 

* 	 expanding lronotionalactivities inaccordance with 

• monitoring distribution channels. 



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 markc:s. This 
implies tie organization of an efficient distribution net-
work that covers the target markets adequately. Given 
that farmer associations or coops are located in ruraIl 
areas and that product distribution will most likely 'oCus 
on urban markets, the logical option is to create a 
separate service operation. The skills required to run a
distribution btcsitcess aIre qtlte di Illerenit rorm those neededdstpribuionssro sr differentfo n 

The Market Plan 

Prior to initiatii.g commercial-scalc activities, a1market 
plan should be prepared taiking into ccount tle factors 
indicatedat the beginningolthis p per. This plan shotld 
integrate tie following Lspects: raw material supply, 
processing operations, packaging ad Ctheroperations,
prCodnet dist rib tlion, and lronot io. Tie result is aseries of planned cttivitisain d at reaching slt'i 
mres orproft atargesbaed nestmate if spercentmarkets or prof'it targets Nis'cd oil estima tes of pecrcenti 
market share, geographic distributioi, and rates of"relurL. 

Site Selection 

The pilot plant typically is located at the best possible 
site in order to maximizc its potenlial for success. In 
order to expand tlie numlber tif plants, these may have 
to be located at sites that are not so favorable. At the 
same time, the experience acqluired in constructing and 
operating the pilot pl:ant may have nodified sonic olIlhe 
variables for selecting the plant site. At this pXoint, it 
should be possible to identify the more important Ioints 
and those that are not so critical in order to csltblish the 
minimum rather than the opti mutin c01nolitiotis for locat-
ing a plant. For example, the availability of electricity
and water may be necessary, but the existence of or-
ganized aid well-consolidated fhrmner groups may not 
be since this can be deall with during thc constrtlion 
of the plant. In some cases, it may not be necessary 1t 
have large CuLantiliesCof roots and lubers available for 
processing if the plant isable to oflfer an altraclivc price 
for fresh roots and tubers, which would be sufficient to 
notivatc farmers to plant more roots and tubers forsale 
than for on-farm consunmpt ion. 

Raw Material Supply 

In order to makcan accurate estirnat: ofthe availability 
of raw materials within a reasonable distance from the 
processing plant, it is necessary to: 

* 	 identify actual and potential production regions; 

a 	 identify farmer groups in cach rcgion which are 
interested in ensuring an adequate supply (quantity 
and quality) of raw materials and who may be inter
estcd in participating as primary processors; and, 

* 	 study competing markets to ensure that the price that 
can be paid for the raw material is sufficient to 
motivate farmers to ;elI to the plant. 

Where there is Icompeting fresh market for rootsand tubers, an cf!ort should be nmade to obtain data on 
historical prices to identify seasonal patterns. The crea
tion of a new market for aroot or tuber crop should act 
to stabili/c prices. 

Gi vei thiatt roots aod tubers are Iighly peins able, it 
is critical to take seasonal factors into .Cco~lnt. 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
ves sun drying of the . material, climatic variables 
also need to be studied to ensure that the dry season 
coCincidcs with harvest time. Experience in Latin America 
suggests that planting and harvest times, as well isdry
scison nonths, can he hig lily variable, even within one 
region 0ofacountry. It isnot safe to assumc, therefore, 
that the conditions :tthe site of tie pilot plant can be
extrapolated to the whole legion. An imprortant step in 
this direction is thelfort being made by the IIternation
al Agr,cul tura Research Centers (IARC S) to miap root 
and tuiber prodtuclion areis by agro-climatic zone. The 
more detailed the in fornalion, the more accurate will 
be the identilication and prioriti/ation of the main target 
production arcas. 

Processing Operations 

The ssCociaion s andcoos)C) involved in primary pro
tossing in rural areas tLsually requiresubstantial tchni
cal issistance inl processing opcrations. 'The members or 
plant operatives olten have relatively little formal cdi
cation and limited expecrence with imachinery oper.ition 
and maintenance. Although the processing operation.,; 
and equipment tested in the pilot plant are appropriatc 
for small-scale, trban operations, operatives will still 
require substantial Itraining. 

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 operttions 
arc maintained; i.e., in the cisc where conmmercializa
tion is based on replicating the pilot plant in other 
locations rather thm expanding the initial pilot plant 
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itself. Some increase in scale may be required, however, 
and it is important to identify tile stages of the process 
that could present bottlenecks ais the plant increases in 
capacity. Inany case,capacity should not increase beyond 
the managerial capabilities of the small coop or associl-
lion. 

Timing of new plant construction is crucial, espe-
cially where processing scasons are well-defined. The 
date for plant completion should allow for ! period of 
start up and training prior to the main harvest seasoa. 
Construction activities almost always sufler some delays 
(e.g., shortage of labor at peak haivst times of otber 
crops, shortage of building materials, untimely arrival 
of credit). Thus, some flexibility should be built into the 
timetable of activities, 

Ifa coop 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 
experienced journeyman or master worknman). This not 
only helps reduce costs but also serves to consolidate 
the group as they collaborate on joint activiies. 

Maintaining good product quality is an importlant 
consideration when expanding 	 the number of plants. 

processing operationsThe existence of many small 
makes quality control complicated. Inorder to obtain a 

product of consistent quality, it is important to standardiecmponntsasa may ossble cros 	te df-ardize v'.s 	 p~oss-,ible across tile dif'amany components ,is 

ferent coops. Reception of raw materials, selection, and 

storage time to processing can have important etleets 
on product quality. Both managers and operatives of 
these small plants need to unde;taand the vital nature of 
establishing and maintaining rigid standards of quality 
control. If there is a second-level organiyation that is 
responsible for commercializing the product, this pro-
cess can be facilitated by their active involvement. In 
the case of products destined for htman consumption 
or, to a lesser extent, crticl. feed,Sme sanitaryf tesemayandfor animalhygine 2guatinsbcom 

critical. Some ofnthese may
be difficult to implement for technical reasons, i.e., 
inadequate water quality, or lack of knowledge, e.g., o 
hygiene education. These factors need to be taken into 
account before plant operation starts, both from the 
standpoint of technical adjustments and processes, and 
training requirements. Local, rcgional, and national health 
regulations and licensing requirements also need to be 
checked before the plant has been built. 

hygiene r-gulations bcc(,mr 


In order to ensure that the plants are operated cffi-
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 consider(.d an integral 
part of credit activities. 

A tnining 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 organiva:tions (NGOs) hlve a crucial 
role to play in technical aissistance 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 catn assume some of the 
training functions themselves. 'he pilot phmit can fulfill 
a useful training and dcnonstrati-;n role at this stage. 
Opcratives 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 processing group is ready to enter into com
mercial-scale opertion, it is time to establish a trade

tiame. The advantages of this include:mark or a br ead 

the product is readily distinguished by both retailers 

and consumers; 

9 the product and name become associalted with certain 
quality characteristics which should be maintained; 

* 	 promotional mterial can be developed around the 
product name; and, 

& competitors will not benefit from geneic advertising. 
The brand name should be selected carefully in 

order to ensure that it reflects the advantages of the 

product atsperceived by the consumler. Technical factors 
of the raw material or process-irrelevant to consumer 
acceptance-should not be included. Several names 
should be tested in several potential markets in order to 
select the one that is most widely acceptable. 

Prod uct Distribution 

As pointed ',u earlier, a product targeted at the in
dustrial nmaiet can be distributed by the processing 
groups themselves; whereas those destined for the con
sumer market will need a specialized network. Should 
the producl be an ini.irovement ofa traditional produJct, 
the existing distribution network may be considered as 
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an option. Neverthelcss, this will usually involve several 
levels ofintermcdiaries, tach one requiring a markcting 
margin sufficient to covcr expenses and provide an 
income. At the same time, with the evolution of tie 
processing enterprises, they will almost certainly want 
to participate in the marketing chain to a greater extent 
than before, taking over some of tie 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 orasccond-ordcrcnterprisc to take 
charge of wholesale activities, or to include retail-lcvcl 
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 cssential that this enterprise be opcr-
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 sepamite. Only 
in this way can the enterprise be truly compcitive and 
maximize profits for its members. 

The distribution enterprise should nmnage the fbl-
lowing aLspects. 

" 	Product supply from the different production enter-
prises; i.e., coordination olsupply with market demand. 

* 	Quality control of the finished product; and, if re-
quircd, selection into different quality products. 

" 	Managemcnt of warehoiusing, stocks, and inventories. 

" 	Sale and distribution of the product to wvholesalers 

and retailers. 


" Coordination of promotion campaign activities to 
complement those of distribution, 

*Monitoring and evaluation of sales volumes, includ-

well a,; 

of wholesalers and retailers.
 
ing those of the competitors, sis profit margins 

* 	Feedback to both the processing groups and product 
development rcscarch organiz itions. 

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 iear 
the central wholesale markct where small shopkeepers 
purchase most of their goods. 

It can be seen from the forcgoing that the skills 
required to manage such an opcration arc quite different 
from those of the processing enterprise. Marketing and 
business skills are esscntial, as well ,stechnical skills 

in the area of product storage and warehousing. These 
skills are not to be found in government agencies as they 
thclsclves do n.it function along commercial lines. 
Rather, it is necessary to seck 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 mcct 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 
purclscd. A number of texts have been written on 
planning and executing a promotional campaign; but 
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., 
ncwspapcr advertiscments will not reach the barely 
literate, low-income strat a. When developing materials, 
the use of regional terms, dialect, and tile like should be 
avoided so that they can be used for iswide a geo
graphic scope as possible. The brand name, logo, andslogan should figure prominently in all materials devel
opcd. 

A small coop cannot aflord a wide-scale launching 
ofa new product traditionally associated with large food 

companies who bombard the consumer with a finfare 
of publicity. Asalfcralternative is to increase promotion
al activities grdually as the distribution network expands and product supply incrcases. A sudden increase 

in demand would be most difficult to fulfill and could 
cause problems. 

Creating a market is expensive even though itshould 
pay for itself in the long run. Financing of these ac
tivities, which require considerable investment, is discussed in the intro~ductory paiper 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 
econonically feasible. Once hc plant rcaclies the point
of cxpanding to a commercial level, however, provision
of credit for replicating and/or expanding the manufac
turing capability and providing sufficient working capi
tal to 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 farma-
ers into cooperative ventures, 

When tile 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 acommcrcial-scale enterprise. 
Unless there is a second-order organization, it will be 
impossible for the plants to cover the costs of these 
promotional activitics. 

Given lhe foregoing, credit will generally have to 
be provided at reisonable rates and terms by in or-
ganizaition in the public sector, accompanied by well-
designed training and technical and administrative 
backstopping, either by tie public or private sector. 
Funds for institutional support can be generally found 
in tile budgets of the state organiz:itions involved, it 
their development priorities are in accord with those of 
tile project. In many countries, however, root ald tuber 
crops are not of high priority. Therefore, funds may have 
to be sought from appropriate NGOs active in rural 
development or Nvorking with sm:dl farmler groups. The 
most difficult area to support is product promotion, 
which is not considered an clemenc! of a rurl develop-
ment project. One avenue to explore is with organiza-
tions interested in improving availability oflstaple foods 
in urban areas. 

To reduce producers/processors' dependence oil 
external credit, they should be encounged to build tip 
their capital. This means that tie coops must reach a 
balance between profit distribution (pressures are great 
for tlis among the poorer groups) and reinvestment. 
Some groups have a policy of paying high prices for the 
raw matcrial ill order to encourage non-nicinbers to sell 
to the coops rather hian to I competitive market, e.g., 
fresh consumption. Il tile 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 tile 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 tile entities responsible 
for processing, production, commercialization, organi-
zation, etc.; but this is very costly over time and tile 
coops will never stop depending on thcr'-. Another 
alternative consists ofcreatinga team of pcr.ons trained 
for this purpo;e within the coops themselves. This model 
(farmer-to-farmeror promoters) ismuch less cosily and 

more responsive, but it requires a significant training 
effort. The experience with projects in Colombia high
lights the imp)rtance of technical assistance---especial
ly foraccountingand maintaining equipment-even for 
those drying plants that had been operating for several 
years (Bode 1991). 

Monitoring and Evaluation 

Once the decision las been made to implement the 
commercial process, it is nece.sary to monitor the pro
gress of the product's introdu,.tion 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 ux)n the quality of the markel plan, 
which must be detailed and yet flexible. 

Ilformation input isessential to ensure that changes 
ire nade in accordance with developments in the ares 
of prcdiction, processing, and commercialization. If, 
for example, there hais bccn a poor growing season and 
the supply of roots oi tubers has Fallcn, processing 
aclivitics will then have to be reduced or other supply 
sources will have to be sought. If the organizion has 
to depend on funds from tie 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 nlot taken into account, could Icad to other 
project activities getting oui of plhse. It is also impuxr
tant to document experiences learned at the onset of tile 
commercialization plhase because this information will 
invariably serve to improve planning for breaking into 
other markets. 

A monitoring system should cover three important 
areas. 

, 	 volumes is well ,is volumes by market outlet and a 
breakdown of the socio-cconomic status of the con
sumers. 

e Consumer behavior with respect to first and repeat 
sales data. 

* 	Consumer satisfaction with product quality, useful
hess, price. 

The monitoring system ias to be ill place when tile 
project begins and is an ongoing activity to be carried 
out by the organiz tions thmcnselvcs. 

Evaluation of tie commercial process should be 
done not only in terns of the financial viability of the 
system but also the distribution of benefits. Benefits can 

320 



accrue to farmer-producers, landless laborers, ml trns-
porters, urban distributors, retail siopkecpcr, and con-
sumers. At the same time, it is important to detcrmine 
whelher there are any adverse effects from the enter-
prise. This evaluation should be done by the oiganivi-
tion(s) that provided somesort of suppotI to the pr'cess 
and wvho wish to learn whether the investinent has been 
sound. 

Data generated by the monitoring and evaluation of 
the project can also serve to generate ideas lor new 
markets or new products. This information should fecd 
back to the technical research components of the project 
for further cvaluation. 

Conclusion 

The decision to expand pilot plant activitics to comncr-
cial operation has important implications forthe product
ad process as well as the farmers and consumers poten-
tially involved. In this paper, the various consideraltions 
to ho vnhlated in making this decision have been brief-

ly discussed and their respective components analyzed. 
Concisely stated they include: social objectives, market 
and technical rcquirements, promotional and logistical 
factors is well as funding and technical assistance. 
Should commercial processing begin, then monitoring 
and cvaluation of these operations become imperative 
so as to ensure not only effective implementation of the 
original plans but also that the guidelines set forward 
are adhered to (or adjustcd) in light of emcrging developnicnts. While the issues mentioned here and their 
trcatnment 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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Costs and Returns to Small Scale Processing
 
of Cassava and Sweetpotatoes in the Philippines
 

J. M. Alktino, J. 1 

Abstract 

This report describes an alternative method for generating costs and returns to small-scale processing
ofcassava and sweclpotatoes at the village level in tie Philippines where the usual sample survey methods 
are sometimes inappropriate. The sample data used in this report were taken from the author's studies of 
root crop processing especially of indigenous technologies and their improved versions. 

Key words: economics, costs and returns, cassava, swcetpotatoes, processing, root crops. 

Introduction 

Farm business analysis has long been used as a farm 
management tool by agricultural economists. One a'pcct 
of farm business analysis that has been widely used for 
decision making iscosts and returns am:lysis of farn or 
farm-related enterprises. This procedure, sometimes re-
ferrcd to as "profit and loss" or "statement of results of 
operating thc business during a given year," provides a 
picture of activities during a given period. An analysis 
of costs and returns may be prepared for a farm as a unit 
or for farm-rclated enterprises, such as root crop pro-
cessing. The procedures are basically the same, although 
statements of costs and returns may differ considerably 
between the two, depending on the objectives of the 
analysis and the planning period. 

Planning period refers to the time-frame upon which 
the decision maker wishes to base his decision.s. It could 
Ue ashort- or a long-run time-frame. In making a costs 
and returns analysis, the time periods must be defircd 
because it can make a difference in not only the treat-
ment of the costand return variables, but also in the final 
result. 

An analytical dilemma in cost and retui studies 
exists. Whether such studies are part of their extension 
or research projects, researchers always find dealing 

with studies related to small farmers, household proces
sors, or any village-level enterprise a problem when 
primary data are required and when no such data are 
readily available. Most small farmers and processors 
seldom keep records and accounts (Alkuino et al. 1 O). 
Moreover, gathering information through a survey and 
relying solely on the data and information collected may 
result in various types of non-sampling errors. Often
times, there isa need to check survey data by monitoring 
the operations ofselected cooperators. Such monitoring 
tcclmiqucs have been widely used inmost of the author's 
studies of small, village-level processing of root crops. 
This has done away with survey data a the main basis 
of analysis. 

The Method 

An example of the monitoring method used in this paper 
is described in the author's study on rural processing of 
sweetpotato and cassava (Alkuino 1986a and 1986b) 
and utilization of root crops and the Integrated Root 
Crops Program (Aikuino 1990 and Alkuino, forthcom
ing). These studies required the active participation of 
agricultural engineers and a food technologist who 
formed a team to work with agricultural economists. 
The method includes the following phases: 

Professor and I[ead, Deparmnient of Agricultural Economics and Agribusincss, Visayas State College of Agriculture (ViSCA), Baybay, 
Leyte, Philippines. 
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1. Definition of indigenous technologies: 

a. 	the product and its process, and 

b. thcequipment used. 

2. Identification of municipalities in the study area: 

a. 	listing of all municipalities, and 

b. 	sample selection, 

Identification of'tcchniiolog:,,/coopcr
.	 Nrs: 


a. 	preliminary survey of markets for existence of 

indigenous technologies; 

b. 	back tracing of area origins through interviews 
of key .:iornmants; 


c. 	 final listing of pxssiblc indigenous technologies 
as defined in Phase 1 for monitorig; ad, 

d. 	 identification of co;opcrator.. 

4. Monitoring of the processing activity: 

a. arrangement for monitoring date; 

b. 	actual monitoring of processing cquiprent per-
formance: 

- equipment performance; 


- process/process flow; 


- costs and returns. 

5. Analysis ofdata and information: 

a. 	 laboratory tests of product quality; 

b. 	 costs and returns analysis; and, 

c. 	designing improved equipment. 

6. Improvement of indigenous tcchnologirs: 

a. 	process; 

b. equipment; 

product quality; and, 


d. 	 profitability. 

The phases outlined above were applicd in the study 
of the indigenous technologies. The costs and returns 

analysis was used as a diagnostic instrument to deter
the economics of root crop processing in com

parison with the use of local practices and equipment, 

and to dctermine the phases in local processing for 
possible modification to improve quality and profit
ability. The monitoring technique was modified rnsub
sequent studies to fit 

,i"ine 


study objectives. (For instance, in 
the study on "Root Crop Utilizaition," monitoring was 
employed over a longer period starting with Plhtse 4 
because a more in-depth analysis wL desired. The 
objective wa:s to determine the incremental benIfits 
derived from processing using diffcr'nt stages of im
prov:d technologies that lind been introduced.) 

In addition to the above objective, the monitoring 

format of the c(-sts and returns analysis was made 
simple for two reaso.s. First, it meant farmer coop
erators could c:sily understand what items to include in 
their records. Second, it was; hoped that at the end of the 
project the coopcrators would be able to prepare iheir 

own simple filrm business analysis. 

Research Findings 
These results consist of two types. The first type pre

sents results from ihe study in which costs and returns 
were monitored and the incremental money benefits 
compared betwen stages of" :hnology adoption. The 
technology being referred to, iowever, involved equip
ment only because they had been observed to have a 
significant effect on costsiand returns, thus affecting the 
net return.s. Oilier variables affecting quality were held 
constant in the analysis. The products involved were 
cassava chips used for feed formulation and the cassava 
chippys used as munchies or linger food. 

The second type of study showed the costs and 
returns analysis as a diagnostic instrument fordetermin
ing returns to processing of root crops using indigenous 
technologies among small-scale rural processors. 

Processing of
 
Cassava Chips and Chippys 

Cassava Chips 

The monitoring process of costs and returns in process
ing cassava chips and chippys by two farmers' associa
tions (one each in the villages of Bubon and Amparo) 
was made over a one-year period. The firmers associr,-
tion in Bubon produced cassava chippy and the one in 
Amparo produced cassava chips for feeds. The stan
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mary of costs and returns for chips is presented in Table Cassava crackers - Carmen, Bohol 
1. Figure l is a flow chart showing the processing steps. Molido - Lcgaspi City, Albay 

Camote candy - Guimaras, Iloilo
Cassava Chippys 

The Cassava Cracker Process 
The farmers' association of Bubon produced cassava 
chippys for food. The sunimay of costs and returns is Generally, the processing steps in making this product
presented in T.ble 2. Figure 2 is a flow chart showing included: peeling,wapphing oing, slicing into chips,tihe processing steps. sun drying, frying, applying syrup, mixing, and packing. All steps from peeling to packing were done man

ually. The indigenous processing devices used were: 
Processing Using knife, chopping board, cooking pot (carajay),and open

fire itove. Out of the 2 kg of cassava tubers usuallyIndigenous Technologies processed, the processor was able to produce 55 packs 
of clssava crackers priced at 25 centavos per pack. The

Thecosts and returns analyses were used sa diagnostic packaging material commonly used by the processors
instrument in the study of the indigenous technologies was ice wrapper. Processing had no definite schedule, 
in household processing of food products to dctcrrnine but was usually done 2-3 times per month, denending
the returns using these indigenous processing practices. on time availability. The finished products were usually
Some of the native food products studied include: sold by family members in schools during school (lays 

Table 1. incremental costs and returtis iii proctssing chips per 100 kg of Fresh cassava roots. 

Item Quantity 10" Quantity 'tb Quantity T2c 

Costs 
Fresh c;,ssavad 42 57.00 4I57.00 1t57.00 

Labore 
washing" 
chippingg 
drying 

3 m-hr 
6 m-hr 
3 m-hr 

11.25 
22.50 
11.25 

1m-hr 
6 m-hr 
3 m-hr 

3.75 
22.50 
11.25 

1m-hr 
1 m-hr 
3 m-hr 

3.75 
3.75 

11.25 

Depreciation 
bolos 0.63 0.63 -
washer -- 3.59 3.59 
chipper .-- 4.02 
containers 0.40 0.40 0.40 

Total 103.03 99.12 88.76 

Returns 
Dried chips 
produced 48 kg 156.00 48 kg 156.00 47 kg 152.75 

Net re!urn R52.97 4t56.88 -P68.99 

aTradi-!onal method using bolo.
 
bUsing Visayas State College of Agriculture (ViSCA) root crop washer
 
CUsing ViSCA root crop washer +redal-operated chipper.
 
dFresh cassava tubers at 1a0.57/kg.
 
eMan-hr at P 1.75.
 

fViSCA%root c-op washcr's cost, P 2,993.80; life span = 8 ) iars. 
gPedal.operatc. chipper's cost, R4,177.60; life span = 10 years. 
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Figure 1. Process flow of dried cassava chips 
production, 
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Figure 2. 	Process flow of cassava chippys 
production. 
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Table 2. Incremental costs and returns in processing chippy per 100 kg of fresh cassava roots. 

Item 
Quantity 

(kg) 
"ll a 

(P2) 

Quantity 

(kg) 

T2b 

(2) 

Cash receipts 
Chip pyc 
Trimmingsd 

27.00 
1.75 

1,620.00 
70.00 

28.50 
2.15 

1,710.00 
86.00 

Total 1,690.00 1,796.00 

Non-cash recelpts 
Fresh cassava rejectse 
Ungrate;. particles (waste)f 2.00 

6.00 
14.00 1.00 

6.00 
7.00 

Cash expenses 
Raw materialsg 
Laboh 
Packaging 

260.85 
792.45 

6.00 

260.85 
792.45 

6.00 

Total 1,059.30 961.30 

Non-cash expenses 
Depreciation cost / 

Motorized grater 
Scaled-oven drier 
Mesh trays 
Lorena stove 
Other equipments used 
Building 

Gathering of water 
Fresh cassava rejects 

--

8.48 
2.54 
3.83 

10.26 
9.23 
5.00 
6.00 

5.22 
8.48 
2.54 
3.83 

10.26 
9.23 
5.00 
6.00 

Total 45.34 50.56 

Net cash income (1-3) 630.70 834.70 

Net non-cash income (2-4) (25.34) (37.56) 

Net earnings (5-6) 605.36 797.14 

aWith scaled-oven drier. 
bwith motorized grater +scaled-oven drier. 
cC:,ippy at P 60.00/kg. 
dTrimmings at P 40.00/kg. 
eUsed as snacks for the processors. 

fMilled into flour and sold at P 7.00/kg. 
glnclcde fresh cessava, barbecue spice, black pepper, spices, firewood, and sugar.
 
hAt ft 4.00/hr for processing and P 3.00/hr for cutting.
 
'Computed using straight line method with 104 days use per year.
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Table 3 gives a summary of costs and returns in the 
cassava cracker business. 

The Molido Process 

This product was processed by first boiling the sweet-
potato, then peeling, slicing, pounding, and mixing it 
with brown sugar. A few drops of vanilla and finely 
grated coconut were added to enhance the flavor of the 
mixture. The mixture was further cooked in a carajay 
and stirred constantly until the mixture became dry. The 
dried mixture was spread on a table, flattened, cut into 
slices, and sun dried for a few min. The, lices were 
wrapped individually with plastic. The product has an 
estimated shelf life of six weeks. All activities were 

Table 3. 	 Costs and returns for marketing cassava 
cracker In Carmen, Bohol. 

Items Quantity Pesos (42) 

Cash receipts 
Cassava crackersa 50 packs 12.50 

Non-cash receipts 
Consumed at homeb 5 packs 1.25 

Cash expenses 
Raw materialsc 6.55 
Packaging materials 1.82 

Total 	 8.37 

Non-cash expense 
Depreciation cost 

Tools and utensilsd 0.11 
Family labore 7.21 

Total 	 7.32 

Net cash income (1-3) 	 4.13 


Net-non cash income (2-4) 	 (6.07) 


Net earnings (5+6) 	 (1.94) 


aSold at 25 centavos each. 

bPriced at 25 centavos each. 

Clnclude fresh cassava, ingredients, firewood. 

dComputed using straight line method of 36 days use per 


year. 

eRate at P 2.80/hour. 


done manually. Processing had no definite schedule and 
dkpendcd on orders for special occasions orfiestas. 

For the 2 kg sample ofsweetpotato tubers processed 
for monitoring purposes, the processor was able to 
produce 39 pieces, priced at R1.00 each, 25 pieces at 50 
centavos each, and 50 pieces at 25 centavos each. Total 

receipts obtained were about 65 pesos and the totad cost 
incurred was R 39.10 resulting in net earnings of 
P-25.89. Table 4 gives a summary of costs and returns. 

The Camote Candy Making Process 

Sweetpotato candy waLs locally called "camote pieces." 
In the production of' this product, swectpotato tubers 
were first thoroughly washed using a brush. They then 

Table 4. 	 Costs and returns for making 
sweetpotato into molido in Legaspi, Albay. 

Items Quantity Pesos (1R) 

Cash receipts 
Molidoa 39-54-20 pcs 62.50 

Non-cash receipts 
Consumed at homeb 10 pcs 2.50 

Cash expenses 
Raw materials" 28.85 
Packaging 3.50 

Total 	 32.35 

Non-cash expenses 
Depreciation cost d 

Tools and utensils 0.44 
Family labore 6.32 

Total 	 6.76 

Net cash income (1-3) 	 30.15
 

Net-non cash income (2-4) 	 (4.26)
 

Net earnings (5+6) 	 25.89
 

aSold at P 1.00, P 0.50, and P 0.25 each.
 
bplriced at P 0.25 each.
 
Cinclude swcetpolato tubers, ingredients.
 
dComnputed using straight line method of 12 days use per
 

year.
 
'Rate at P 1.90 per man/hour.
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were boiled, pounded using a rolling pin and mixed wit h 
sugar. The mixture was cooked until balls were formed 
or until dry. While cooking, vanilla and food coloring 
were added. After cooking, the mixture was spread on 
the slicing board and flattened uniformly with the roll-
ing pin. The flattened mixture was then air dried for 
hardening, sliced to uniform sizes using n ordinary 
kitchen knife, and packed in a plastic wrapper with ten 
pieces of "canzoio candy" per pack. 

The average volume of sweetpotato tubers pro-
cessed was about 30 kg per processing, usually twice a 
week. This was done during the harvest season from 
September to February. Out of the 30 kg of raw tubers, 
the processors were able to produce 450 packs of sweet-
potato candies priced at P-1.80/pack. The total receipts 
obtained were P 810.00 with a total cost of P-482.81; 
net returns amounted to R327.19 (Table 5). 

Table 5. Costs and returns in processing 
sweetpotato into canote candy, 

Buenavista, Guimaras, Iloilo. 

Items Quantity Pesos (42) 

Cash re-:eipts 
aCwnote candies 450 packs 810.00 

Non-cash receipt 
Consumed at "nine 1pack 1.80 

Cash expenses 
Raw materials/ingredientsb 403.50 
Packaging material 40 pcs. 57.10 
Firewood 4 bdl. 20.00 
Laborc 50.36 

Total 530.96 

Non-cash expenses 
Depreciation cost 

Tools/utensilsd 0.28 

Net-cash income (1-3) 283.04 

Net-non cash income (2-4) 1.52 

Net earnings (5+6) 284.56 

'Priced at P 1.80/pack.

blnclude .wceti-,, ao tubers and sugar. 


'Rate at R7.50 man/hour. 

dComputed using straight line method of 48 use lr year. 


Analysis and Recommendation 

The results presented above have shown some basic 
commonalties which are of interest to the agricultural 
economist. 

The equipment used in processing was largely inef
ficient and laborious. It can be seen from the costs 
and returns tables that labor was a critical item which 

significantly affected returns. This concern was, there
fore, passed on to the engineering group for their 
possible improvements of the indigenous technol
ogies or for their designing of devices which would 
improve low-cost technologies and be acceptable to 
small household processors. 
The extensive use of unnecessary ingredients, such 
as sugar, significantly increased the cost of process

ing food products. Processors argued that consumers, 
especially school children, prefer food products with 
a lot of sugar. Whether this is a healthy practice or 
not, remains lo be answered by te processing group, 
but from a business perspective costs could be great
ly reduced in proportion to the reduction of sugar 

used. 

On the basis of the results of the food products 
analyzed, no general conclusion can be generated as 
to the practices of the rural households. Some food 

products seem profitable and some incur losses. The 
only general observation that can be made is that 
returns to small-scale household processors still can 
be greatly improved if the right equipment is used 
and the quantity of some unnecessary ingredients is 
controlled or adjusted. 
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Village-level Potato Processing in Developing
 
Countries: A Case Study of the SOTEC Project in India
 

Robert W.Nave a'dGregoryJ. Scoi 1 

Absiract 

Seasonal production and price patterns for potatoes in developing countries have generated considerablc 
interest in alternative market outlets for the crop. In India, there is particular interest in low-cost 
alternatives to refrigerated cold storage. This paper reviews the experience of an non-governmental
organization (NG;O) in trying to develop village-level potato proccs.ing for low-income households. 
Results to date highlight the technical complexity of rustic processing. They also point to Ihc need for a 
multi-disciplinay approach to assess the economic viability of technical processing options, allernative 
postproduction techniques (e.g., storage), and the importance of particular cost components. 

Key words: rural poor, postharvest techniques, equipment, costs and returns. 

Introduction 
Prospects for potato processing have attracted growing 
attention in a number of developing countries over the 
last two decades (Kcane et al. 1986; Horton 1987). The 
reason forthis can be briefly enumerated. Although total 
production has increased remarkably-particularly in 
South Asia in the last 2) years, output patterns remain 
highly seasonal. Improvements in tlie marketing system 
for fresh potatoes have enabled a much larger volume 
to be either sold at harvest or placed in storage. Flow
ever, available supplies still exceed the capacity of 
existing infrastructure. Potatoes are bulky and perish-
able.Processing reduces t iecosts associatcd with itrans
porting a product that in its fresh form is 80% water. It 
also allows the release of potato products into the mar-
ket in a more systematic fashion. In addition to these 
considerations, farm households are frequently itter-
ested in generating off-season employment for family 
members as well as adopting procedures wacreby they 
can increase the value added associated with the sale of 
their agricultural production. 

This case study reviews the experience of'one rural 
development project in (rying to establish village-level 

potato processing as an alternative market outlet for 
low-income potato farmers in rural India. It explains the 
principles and procedures associated with this type of 
processing as well as the institutional and socio-econ
omic factors that have infllucncc. its evolution over the 
last 7-8 years. The conclusions emphasize the need for 
technology development that adapts general principles 
to local circumstances, as well as realizing the impor
tance of economic considerations in determining the 
outlook for such ventures in the future. 

Origins of the SOTEC Project
 

Barcilly is situated in Western Utlar Pradesh which is 
the largest potato growing state in India (Srivastava 
1980). Annual potato production is over 6 million t. 
Nearly all of these potatoes arc harvested between mid-
February and mid-March. 

The largest potato growing region is on the plains 
with production concentrated in the districts of Farruk
habad, Budaun, Sliahjahanpur, Moradabad, Etah, and 
Hlapur. While the Bareilly District does not grow as 

Founding member of the Society for Development of Appropriate T.chnology (SOTI'C) 182 Civil Lines, llarcilly-2,13001, U.P. India, 
and Leader, Postharvest Management, Marketing Program, International Potato Center (C'I), P.O. Box 5%9, Lima, Peru. 
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many potatoes as these other districts, it is bordered on 
thrcc side.s by them. Farms are small and incomes are low. 

About every other year there is a glut of [Xatoes. 
Some fields are not even harvested because of low 
prices and lack of cold storage space. Even in normal 
years, only about 70% of the available potatoes can 
actually be placed in cold storage. Con1scquelLly, prices 
craLh at harvest linle only to rebound shairply 2-3 montihs 
later. Small farmcrs traditionally have been unable to 
take advantage of these delayed price increaces, 

The idea olprocessing potatoes at the vil lage level 

developed in the late 1970s when Robert Navc, a iound-
ing member of tlw U.S.-bascd, Non-govenimental Or-
ganiz/tion (NGO), Compatible Technolotgy Inc. (r1l), 
observed the immense quantity of potatoes t1hait werc 
harvcSlcd ill a very short time period .2 Ic noted that 
under these circumstances firners w,'erc forced to sell 
their potatoes at very low prices because they nccdcd 
cash (hence, could not Zafftrd to lt thiei in cold stor-
age); or, they sinply left many fields unhiarvested. A few 
months later potatocs wotld be sold :it a very high price. 
By the early 1'HOs, Nave legaii evaluitiiig processes 
that could be used by poor Ia ricrs to convert their 
potatoes into dried chips and julicliiC strips. I Ic ci-
visioned that the valtie added froi procssing their 
potaties could bring much neleded income to pe:s:It 
households and provide uip to four months of mlploy-
ment to the village community, especially wonien. Con-
scqucnt ly, village-level potato drying could also improve 
the broader rural economy. 

As Nave's experience wili potato proccssing be-
caine more eytended, lie noted that in Norlthern India 
potatoes can r rnmnally be sun-dried from mid-F-cbruary 
until mid-June. Prices are lowest ininiediately aftcr the 
peak of' tie main harvest and thiis is tlie time chl 
potatoes should be purchaLsed for processing, if the 
fumicr does not have a suticieti supply of his own. lI c 
also found that the poItatoes must be kept in a rustic 
store, i.e., a non-re frigerated bit well -vcnlilatcd stric-
ture so that their cqunality does not deteriorate. Ftirt her-

more, storing potatoes at the processing site ensures a 
ready supply. lrial trials using rustic stores showed 
that polatocs kept for 10-12 weols madc good dried 
products. The ability to store potatoes lor this length of 
time was one of the major factors that prompted further 
work on drying proccs:;cs, because it wais cstimatcd that 
processing could be economically viable if conducted 
for at least 60 days. 

During 1984, all the experimental work was done 
using the ineliods and equipment normally used for 
cooking in the home kitchen. In trying to incretse 
productivity per worker to ensure econonc viability, it 
soon became :pparent that more rugged, specialized 
equipment would have to be developed. Fortunately, 
two groups of cxperienced blacksmiths, carpenters and 
other workmen werc available locally to work on these 
problems. They were tsked to come tip witi their own 
sol cit ions as well as to produc, some prototype pieces 
of cquipmciit that met the tolliwing standards. Such 
CqiMipmciit must behlow-cost; fabricaCd locally; opcr
ated by hand or clcctric mo1tor; and utiilize procedures 
Csily undetst.ood by runal peoiple. Nleanwhile, t I staff 
in the USA werc also working on a cycle-powered slicer. 
They sent soime machine parts to India with drawings 
oh a proItotypc. 

By 1985, Nave's efforts led to the establishlment of 
the Society fOr Developmntt of Appropriate Tcclnol
ogy (. ('II:U) it l3arcilly. S()'tt( has a board of about 20 
memlbers that meets anniiiiilly and in Executive Com
mitce of seven persons-five elected members, the 
Project Director, anid ile Secrelary-that meets qtarter
ly. Saal, is legally registered as a charitable organiza
tioi. 3 

Site its inception, S()'I( 'loL used part of a private 
house that has provided living accommodation for the 
Project Manager, one roon for an olice and other 

4facilities for working space. For example, a pilot pro
cessing unit was set ip immediately in front of the 
Iocisc; tlie dryiig \is done on tlie roof; and the dried 
chips and strips were stored and grotind in out buildings. 

2 Compatible Tecinology, le. ((iT) was founded in Mi incapxilis, USA, ill 1981 by a group of people interested in supporting the 

development of simple techinology to prox.cess agricullural produce ili rural areas. (TI is a voluntary organization decdicated to 
establishing projects [tiat provide on-going earning opportunitics for tile poor scias lo enable Ihecni to imanage businesses if iliir own, 
share profits of a viable business in an ecquitable manner, and grow person:lly through tIhe education aind experience of being part of 
an income-earning enterprise. 

3 SOMI C is also registered with the Commissioner of tncome 'tax, lucknow, under section 80 i of the Income Tax Act 1961, thereby 
being exempi from paying income tax, and wili the Minisiry of Ionic Affairs under the Foieign Contribution Regulations Act, vide 
No. 136300014 of April 24, 1987. 'this latter registration permiits so'''i to receive foreign currency to finance its operations. 

4 ily 1988 the project haddeveloped lothe poin whiere physical facilities had tobe expanded. In Novemberof that ycar,Sot-:Cpurchased 
a 2.5 acre parcel of land about 12 knis from I:areilly. 
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A rustic store with a capacity of 10 t wits built in tie 
garden. 

The machinery was developed by the design en-
gincer at his own house. While far fron ideal, this 
arrangement allowed SOl'lC personnel to develop pro
cessing technology in an environment not vtstly dis-
similar to those of poor frmers. Consequently, the 
streamlining oftcchniquties for peeling, cutting, blanch-
ing, and dr-ying petatocs was done under conditions 
comparabeI to those of the potenlial users. This strategy 
hats also kept research and development (R&I)) Costs to 
a mininum. 

By the end of)1985, all the Ibasic items of equipment 
were conceived or fabricatcd. However, it soon become 
apparent that emany refiineients and alcraliois Intd to 
be made to bringtihis equipment up to the necessary 
standard. A three-yeair grant frotIt Ihc leIternttioral Po-
tato Center (cIt"), througfh its Regiotal Office in New 
Delhi, madc it possible to cml)l,, tw o experienced 
technicians to work oti these ploblells full itite I!td to 
have funds for materials aid trials. TVpical ofthC pIlob-
lemIs laced wzs that of applying arat.Sivc grit to [lie 
surface of the potato peeler. No one was willing to give 
SOlTtC the tecltitology. It took two years to finrd the 
sources for all the niatcri:ls necessary ard to develop a 
technique lfr applying the abrasive. 

Product Uses 


Product uses was another area that required experinen-
tation and development. Dried potato chips are frequent-

ly fried before serving in India. so)TI stalff thought that 
the market for dried chips could be expanded if they 
could be popularized isa rchydratcd vegelablc as well. 
However, people traditiOlMl ly use clihuik' of potatocs in 
their cirries and vegetables. They do not like to tse 
potatoes in the form of flat slices for this ptirpose, 
Moreover, it is difficult to dry chunks or strips of more 
than about 7 mm thickness. These are oftcn tuisatisfac-
tory, especially in terms of rehydtration and texture. 

In an effort to overcome this problem, itcooking 
contest waS set up in which dried potalto slices were used 
in various ways such as main dishes, desserts, cte. 
Unfortunately, in all but one of ilc resulting 50 dishes, 
the slices were rehydratcd, cooked, and rLshed. This 
preparaltion nmade their use as littlecortstumiig as start-
ing with fresh potatoes. 

The dried slices were then ground into a coarse 
powder and a ntmber of lhc better recipes tried with it. 
The powder proved very easy to use and improved the 

recipes. It was then decided to develop and popularize 
the uses of powder. About 50 recipes suitable for home 
and rcstaurant use were developed and several products
with commercial prospects were tried out with support 
from the C'1 grant. 

Meanwhile, the introduction of extrusion cooking 
for making snacks created an interest in potato-bused 
snacks made from dried potato. Various companies 
cond ucted trials with both potato powder (finer than 60 
mesh) and granules (about 41 mesh) made at SOTFC's 
pilot facilities. These products proved satisfactory and 
vet less expensive than potato powder produced in 

flaclorics. 

Establisl-dng Village
level Processing Plants 

By late 1985, s,'(l, was in a position to assist with the 
setting up of villige-level processing plants by provid
ing equipment and loans for operational costs (such as 
the purchase of potatoes). Although a pilot plant oper
ated from M:rch to June 1985, everything w;s largely 
Iteoretical. 'Tlie steps required to implement the project 
involved determining optimum plant size; preparing an 
operating manual; selecting and trainig prospective 
users of the technology; helping construct the necessary 
infrastructure; procuring requisite equipment; review
ing operating procedures; meeting legal requirements; 
and setting up a three-tier sy:;tcm for managing produc
lion and distiibutioi ot the pr ofscis. 

D O tm Plant Size 
Determnng Optimu l n
 

So()'l i set operational goals for the village plants very 
early in the project. The person resxnsible for setting 
these targets had many years of experience working 
with projects and local labor in toth an educational 
institute (including a farm) and atnagro-based industry. 

A goal was set in which a plant operated by ten 
workers could, in 60 working days, process 601of fresh 
potatoes. While this goal remains unchanged, it hts not 
been achieved except for very limited periods when all 
conditions were exceptionally favorable. It thus became 
apparent that it was more useful to determine the mini
mt1I1 production under adverse conditions which would 
still result in a viable operating unit. '11is assumes that 
purchasiig of fresh potatoes hats been properly done, a 
reasonable market price is available, the plant has 15 
employees, and it processes 40 t in 60-70 working days. 
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Some of the factors and constraints which were 
considered in determining optimum unit size are as 
follows: 

* 	Working backward from the expected retail sale 
price, the price at which a plant could sell chips and 
strips at a reasonable profit was determined. 

" 	 Labor productivity was estimated by processing sev-
cml hundred kg per day for about ten days. At the 
same time, the amount of chcmnicals and fuel needed 
were detemihicd. 

Based on tabove, it was derrined that 50 kg or 
moreshown 
ftrceach person emiployed, :od thii 10t-15 cnrploycesforehdpeonemployed,andthati1nrnnt 
formed an efficient work team. 

" 	The drying season is 100-115 days long. Ilolidlys, 
bad weather, tie wheat harvest, etc., will make it 
improbable to carry tire processing period beyond 
80-90 days. 

" 	Although viability was reached W11ren about 40 t of 
potatoes were processed iii a sezSon, it did not nllow 
for many unexpected price or vearthcr dversities. 
Higher produclion, higher productivity, and more 
daysof proccssing, increased profil:iiity \,cry ni uch 
and gave a margin to absorb any setbacks, 

It appears that p0)tof fresh pwt:rtors can be prnessd 
by an efficient plaI in 6f(-75 wurkirg days nd ly a 
sonnewliat incflicica unit in 90 workill" days. This 
also providles a very atiractie return., 

" 	 A loan of Rs 150,000 (USS 8,000-9,00(0) for settirng 
up a plant and operating it during 11re first ycair 
seemed as a1JS be obt 11 wiAfi1LchIi could incd Iro Ih( 
lending institutions. Tllis is about sufficient for a 0 
t/season. Providing additional space arid facilitiesbeyond this volu melprsszon Would he too CXl .isive. 

Operating Manual and Training 

An opcrting manual was written explaining tIle phi
losophy of S(TI{, Ihc objectives of tire project, Ire 
process, proposed organiziation, and estinmated rofita
bility. This manual Inas been updated three tiies and a 
fourth revision is underway. 

Since so'i': had linited contacts with farners, a 
series of one-day training workshops were organized. 
These events aimed at introducing the basic procedures 
involved in villagc-lcvcl processing to farni holiusehiolds 
as well as encouraging those intcrcstcd in starting up a 
unit. In addition, private voluntary organizations and 

government personnel involved with rura projects, as 
well as individuals known to SO'lc staff who might be 
interested in the project were also invited. The work
shops were conducted several times each year and con
tinue to be conducted a-s the need arises. 

Increasingly these workshops are attended by fami
ors of thecs()ltt target group. This trend seems partly 
the result of the establishment and operation of the type 
of units for which the proj'ct is intended. Initially units 
were established by companies and organivaltions. [ low
ever, by 1989, the village plants were all run by people 

from the SOTI target group. These pl;nts are display
ing a dcgrec of interest, eliciency, and stability notby te earlier units. This seems a logical dvelop
s iwbytlec IcriiiiI.Tssensaogaldvop

because the project was designed to be appropriate 

for low-income, peasant iouseholds and not more af
lluncit, urban en!repreneurs. 

Selecting Units 

In :rddition to tIe publicity growing out of tire work
sh0Ims, ST()'tt( personnel iave visited a nuniber of vii
lrgcs to locate arid niet hlrrCrs who nliglt be interested 
inscling Lrpa plill.Thoscstill intcrcsted afterattending 
thre onle-day w rrlkshIiparc visited ,gainl by a SOTI: staff 
mlemiber who survYCs the site and iakes a written 
report. Once tire indiVidu:l and site are approved, tIhe 
;rranenigccnt for financing has to be made. Grants to 
.'ttf(t hrave ielped finance seven of the ten units cur
rettlytoperatirg. Sel.ctirgstrcessful uniis also requires 
creating a business tradition anong low-ilcomne rural 

pcLhleC with very little education, and those wvho have 
bCen led to believe they arc only capable ofl menial 
labor. 

Tesecond typeof workshop provides (i-siteworker 
TrgA(ttllmeber ondcts thiterngl1 inling. A s '11vc:staff niciii cr conducts this training

while actually starting up tire operation ,f tile unit. This 

may take from one to several days depending on a 
variety of factors. After this training, follow-up visits 
ire required to assure that plants are run properly. 

Plant and Equipment 

Infrastructure Requirements 

Space and installations required for a village-level pro
cessing plant enconpass tire following: 

* 	 Storage for fresh polaloes atid other supplies; 

* 	 Rustic storage fer keeping potatoes that will not be 
used immediately; 
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" Work area for processing; 

" Dryingarca; and,
SrWet 

" Storage area for dried product. 

Fresh potato sto-age. Potatoes which are to be pro-
cessed after harvesting, i.e., March and April in northernl 
India, may be stored in any cool, shady, dark place 
without any special attention. However, potatoes meant 
for processing during the rest of the season, Ltil about 
mid-June in northern India, should be stored irfa spc-
cially constructed room or building called a "rustic 
store". 

The rustic store. The profitabil ity' of the vi llage urs 
is gruticsoreceoroflitiityunless oth soratoe
is greatly reduced or eli minpted unless ptatoCs for 
processing are purcha;ed at thle peak oft ileharvest and 
stored during the drying season. Practical expericnce 
showed that potatoes could be stored in any rcasonable 
cool and ventilated room or shed fOr pro)cessing duringi 
tie first 20-30 days. A rustic store is required for more 
longer ten storage Therefore, it \v,,sneIc,;sayIo dCsign 
an inexpensive, pralical way to store polziiocs to be 
processed over 90- 120 days. 

A passive evaporative storage building, or a rustic 
store, is based on a design dCvCopcd by ('11'for bu lk 
storage of tip to 20 t of'ptotatocs piled 1 in high on a 
slatted floor. The walls are of lud and root of tlatch. 
To cut down on solar radiation, such a strIlctture can be 
built in the shade of trees and the outside walls-includ
ing the door-white-washed. These are typical village 
construction materials and techniques for this region. 
The blse of the building is a Ilat,cement plastered, brick 
platform, wilh a 4"high rim ai(mund the outside edge so 
that it will hold water. Bricks are placed on ihis pl:ttf'rIl 
in a way that allows air to flow in all directions and Will 
also support a split bamlboo floor. A fine chicken \wire 
mesh is stretched over the bricks but uldcr tle balllboo 
floor. Another piece of this miesi is placed from wall to 
wall at ceiling level to keep rodents out. The cost of 
constructing a 20 t rustic storage is about 1.5 times the 
cost of storing 20 t oflitatoes i,a comnercial storage 
for one season. Maintenance and operating costs are 
about 20% of the cost ofstoring in a cold store. Potatoes 
from the rustic store process better that Ihose from tie 
cold store. During tie off season, (lie rustic store can be 
used for other crops, equipment or as living quLiarters. 

Supply storage and oil ice space. If the unit is set up 
near fhe manager's honie, supplies such as chemicals, 
bags for packaging, etc., can be kept wherever there is 
some space such as veranda or corner of a room. It is 

desirable to have a table or desk to keep records and
 
accounts. Otherwise a rorn about 10 m is sufficient.
 

pz)eessing area. This is where the px)tatoes are
 
peeled, sliced, and blanched. It must have a brick or
 

plastercd plattorm wilh sufficient slope to provide good
 
drainage and easy cleaning. Ideal size is about 5 x 7 m.
 
though a smaller area (e.g., 3 x 7 m) can suffice. The
 
..et processing area must be shaded. A thatched roof(or
 
chalppar) is adcluLte. The thatched root should extend
 
over the edges of thc platform far enough to give shade
 
during both morningand evening.
 

D)rying area. This should be located as near to the wet 
processing area as possible and completely exposcd to
 
h,2still. a small shaded where
There should be areaworkers can spread slices on tihe racks before moving
 

telien into the still.
To put out 70 racks and work around
 
thelcasily, thisareashould beabout 300ni2, orroughly
 
4.5 m" loor space for each drying rack, including wlking 

Sto-age for dried product. Dried slices take up almost
 
as muich space as the fresh potalocs from which they
 
were imadc. Ifont plans to store any quant it)' of slices,
 

they should calculate 0.17 in-space for cach 20 kg of
 
slices. Tirs, 1,000 kg requires 8.5 m 3 ofspace (3 m long
 
x 1.8 m wide x 1.6 ni high). Potalo powdcr is more
 
cO 1111 :iid requires less storage space, so slices meant
 
for convrsion into powder should be ground to save
 
space. Juhenne strips take one-third Ihe space of chips.
 

Once a substantial portion of tie rustic storage a.1,s 
been emptied, it may be used to store slices. In this case, 
slices should be packed in closed plastic-film liners 
inside a woven outer bag to keep them from absorbing 
moisture. The product IlIUSt be protected fron moisture 
and rodents while it is stored. St-lficicnt storage space 
is essential because tie chips/strips are bulky, and the 
processed product which is prodLuced for three months 
(March through May) will be sold for 12 monlhs. 

Estimated construction costs for the working area, 
drying area, and rustic store are Rs 30,950 or about US$ 
1,800 (Table 1). The extent to which sonic or most of 
the facilities area already available (e.g., a room could 
be converted into storage space), these costs will be 
reduced accordingly. 

Equipment Needs 

Essettial equipment for village-level processing includes 
a tlancher, slicer, drying racks, and tubs. The size and 
number of each of these pieces will depend on the 
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Table 1. Infrustructure costs for village-level 
processing plant.a 

Costs (R1s) 

Rustctor for potatoes (40 t capacity) 22,000 
cement, floor, pillors, and thatched roof 4,200 
aemetnkoo and t thaersicdrequremn 4,20 

Water tank and other site requirements 4,000 
T'ransportat ion and contingencies 7501 

"Iotal 3 0 ,9 5 0 b 

Source: SOTEC. 

"Daily capacity of 1,000 kg of fresh potatoes. 
bOr, USS 1,820 at an exchange rate of Rs 17 = USS 1.00. 

volume of potatoes the village unit plans to process per 
seaSo. 

Washer-curn-peeler. This is a 't)0-liter drum lined 
with silicon carbide grit, mounted on a hollow axle. The 
drum and axle are mounted on an angle iron framc. 'Te 
drum is rotated by a handle fitted at one end. Water is 
fed into the drun from the other end of tie axle through 
a 1/2" plastic hose pipe. If running water is not available, 
water may be siphoned from a tub or bucket set slightly 
higher than the peeler. This wa.her-cui-pecler has a 
capacity for 30-60 kg of potatoes at a time. Removal of 
peelings (about 70%) requires 2-10 rnn of rotation 
depending on the thickness of the skin. 

Slicer. Two types are functional depending on the 
volumes to be procc' sod. A hand-cranked slicer is suit-
able for slicing up 1.i20(0 kg of fresh potatoes per day. 
It consists of a rotating drum with several blades. Po-
tatoes are fed into a tube and pressed down against the 
drum. A cycle-cum-motor slicer must be used for higher 
production program s. It can slice from 200-4X) kg/hour. 
It can be run either by a person pedaling a cycle or by a 
1/2 lip electric motor. Fo maintain the same capacity 
when cutting julienne strips a 3/4 to 1.0 lip motor will 
be required. 

Blancher. The -hancher is a stainless steel tub with .1 
galvanized sheet metal top, fitted into a masonry struc-
ture in which water is heated to boiling point. A variety 
of fuels may be used to heat the blancher. 

Drying Racks. The drying racks are framcs of about I 

x 3 m metal conduit pipe. They have 15 cn long legs 
which are arranged so that the racks can be slacked oti 
each other. Chicken wire is stretched between the francs. 

Tubs. Several small And large tubs are required to 
handle the potatoes during processing. These are made 

of black sheet metal and coated with paint. 

The estimated costs of equipment required For a vii
lage-level potato processing plant are Rs 34,292 (Table 
2), or about USS 2,0). The washer/peeler, blanching 
tub, slicer, holder and blad.s for butting chip and julicnne 
strips, aind knit nylon bags can be ordered through 
SOt'Wl. The machinery is made locally under S)TIEC's 

supervision and tinal adjustments are made by their 
staff. In northern India, the nylon net can be purchased 
from the market. All other items can be made locally 

following plans obtainable from SOTi't. 

SOT'Hv is at the point where it is confident of the 
quality and utility of the equipment it has designed and 

which can le Iroduced in local workshops. However, 
this experience has ftoscrcd several new ideas for equip
ment which may bc as efficient and may cost less. With 
inllation and the government policy to put increasing 
tax burdens on metals, and on ,n"gincering and industrial 
materials, the financing of fabricating equipment lhia 
become an increasingly critical problem. 

Processing Procedures 

After several years of experimentation, SOTI:C even
tually settled on the following operations for village
level potato processing: 

Table 2. Equipment costs for village-level potato 
processing plant." 

Equipment (number) Cost (Rs) 

Washer/peeler 3,080 
Slicer, cycl-pcratd ,1 
S le ss sylto rane 6,135 

Main ry work,tub etrblanche r 1,300 
Masonry work, chimeny, etc., for tlanther 1,000 
lIarge tubs (3) 16)0 

mall tubs (8) 1,632 

Knitted nylon bags (25) 450 
Drying racks (70) 14,700 
Nylon nets (14(0) 2,8)0 
Ilolder & blades for slicer 1,795 
Buckets, baskets, wooden spoon, spnner, etc. 5(00 
TlotalI 34,292k' 

_ ______34,292b 

Source: S0TIC. 
't)aily cipacity of I,t)00 kg of fresh potatoes.
 

1'Or, USS 2,017 at an exchnge rate of Rs 17.(X) = USS. 1.010.
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" 	Selecting and storing fresh potatoes; 

" 	 Washing and peeling (he potatoes; 

* 	Rectifying the peeled tubers; 

* 	 Slicing the peeled tubers; 

* 	 Rinsing the slices; 

" 	 Blanching the sliccs; 

SChemically bathing thle slices; 

* 	Spreading the slices to dry in the sun; 

" 	 Grinding the dried slices; 

" 	 Grading for particle size; 

" 	 Makingand packaging potati powder; 

" 	 Bagging for sale or storage; 

" 	 Bagging for bulk sade or storage; aind, 
* 	 Packing for retail sale. 

Based on S( )tfl( "s experice, each itthese opera-
tions hats its own recorniucd:itioiis. 'l'he flow chart ill 
Figure I shows all the proccssing steps. 

Selecting lotatoes. Some varictiCs do 1ut dry \vll 
using villlgc-lCvCl pr)cessing le litiluCs. Varietis ,hicih 
halve good results re Kufri haiidramukhii (A,\ 27(18),Kufri gBalia (E 3797), adI Kufri Jyvol i. (ieall flly ,lhit( 

skinned poaltocs dry well and red skinnied 1)t:t110" io 
not. To test the drying quality of a ptato riet 
process 5 kg ofthlla variety lho l gtwoo or tlifc daysng 
lie process describe(]. lotat1s selected (Or p)riuiFLSC(I) 

ait the peak of the harvcst scason arc the least expensive 
and store best. For best results select polatoes which: 

"have been pro~perly Cured. ',"o cuti,' ipotatocs, removeI 
the aerial part of the plant and leave the tubCrs ill the 
ground for one to two wecls before digging. Asosoon 
as potatoes are dug, thtey should be kept ittthe shade; 

" 	are free of all damaged, diseased and discolored 
pails. Slightly damaged potatoCs should be processed 
right away. Store only good potatoes; 

* 	 are of uni form shape and have shiallow eyes; and, 

" 	 are 4.5 cm or more in tie narrowest dimension and 
weigh about 120 g (about 8-10 potatoes to a kg). 

It should also be noted that potatoes of any size can 
be sliced but it is usually not economical to process 
smaller ones. 

Storing fresh potatoes. About two-thirds of the an-
ticipated quantity of potatoes to be processed during the 

season should be stored in a rustic s;tore is ,:cscribed 
earlier. Only good quality potatoes should bc stored.
Water should be filled under the floor every few days. 

This is especially important ifthe potatoes are stored for 
over a ilmonth. \Vhen potatoes are being used from a 
store, it should be opcn,.d only once each day, prerfcb

ly early ill the morning. 

Washing and peeling. Place 25 to 50 kg unwashed 
potatoes in the wwahcr-ctLi-pecler, start water flowinginto the druml11nd:1drevolve the drum until water becomes 

nearly clear and :,"out 7(1; of the peel has been removid. 
This nav take between I-2 main for new pottatoes andabout 5-'15 min fbr old pOlt:locs liich have become 

spongy. Pee led potlatocs should be kept imniersed incool wate~r atlall tidies to} prevt' darkening. 

Reetilfing. Ctis, trCten acr.s, rotten spots, deep black
 
eyes and other dischlorJtioiS are rnovCd with a knife
 
before chipping. sc)t i.(* has experiniented with several
 
designs of knives and ind sonc shapes and Icngths
 

resut in muchlt quicker work. Bccause these are very
small units uectil'yiii is dorne by women squatting around 
tubs of pot:l!oCS. The Illlo.'. 	 isonlet "h m efficientl ,:1illioenliet 
\Volllilll at1 C, Ch (it). [Uour orl liloF.. W\ I)I1 arfound one 

tilb reduccs the otpLMt Iy almostS.0' ;. IcClifying is the
 
niOSI CXpMisivC step o Ih )rocssv lcn m:ikiingjulicune
 
strips. There is a ltcndCiicy to rectify too much or too

little. \Vilhg w,'omcn ill this aracl are not used to using
 
paring knives and have to be talught.
 

Sicing. SIice pottoes directly into water containing 
Sluion pohsodim tbisnpto eep lice 

f.om1:( Sh11in, 0f*SOdiuthica bisulhite :o k vapslices 
from 1.5oenii.Thin thickness of the slice may vary 
from 1.5 to 4.0 nin. (Thin slices require more time and 
labor to process but are whiter and dry ltster). The ideal 
thickness is 3.0 mm. A nylon mesh bag placed in the tub 
imakes it easicr to remove the slices. Collecc the starchfrom slicing water. 

Rinsing. After slicing, the chips are filled into nylon 

mesh bags for casy handling. They are then rinsed in 
tubs of plain water 2-4 lirncs to renove surface starch 
which hts been freed by the slicing. Starch in the slicing 
and rinsing tubs is accumulated, rinsed and put out to 
dry at the end ofeach day. A hook is placed above each 
tub where chips should be drained before being taken to 
tie next step. Another hook is also placed through tile 
drawstring of the bag to speed hanging and handling. 
Tubs can be olany convenient size and shape. We use 
two sizes. They cach have a lieight of 11.5 in. One has 
a 60-liler capacity and the other has a 160-liter capacity. 
Stainless steel tubs would be ideal but are much too 
expensive. We now use black-shel metal tubs and paint 
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Figure 1. !ow chart of village-level potato processing. 

. Store good potatoes
 
for 2 to 3 months ..... • Peel to at Rectify:
 

Purchase least 70%; remove cuts, green
 
+ empty into areas, deep eyes, and
 

Sorting of Temporary stoi age of a tub of rotten spots
 
Potatoes damaged, poor quality - water
 

and small potatoes for
 
inmedillat processing
 

Blanch above Fill into NyIon net Slice into chips or
 
930 for 3 nin handling bags and julienne strips;
 
in a solution of • .... .. rinse 2 to 4 times to should fall into
 

0.1% sulphite nnd remove surface free solmion of 0.0511,
 
0.1% acetic acid starch sulphite
 

I Drain and spread Collect.and bagon racks covered (fry product and Check
Put in 0.1% sulphite .. t. a nylon net ship to colletioni graetan
solution for 5 min and sundry. center in ful l grade and 

The net helps in vehicle lots store 
handling and utruck/cart/etc.) 
sanitation 

Package strips, Grinding into powder Direct sale to 
chips and powder or gianules; park in bulk buyers; 
into reiail packag- bulk for storage or sales agents,whole
ing on order only salers. 

Sell to agents, 
wholesalers, and 

(list ributo rs 

Source: Chowfin and Nave 1991. 
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these with the most durable finish wCe can find. They 
generally have to be repainted cach year. Galvanized 
iron sheet tubs do not hold up either, unless they are 
painted. We arc now exploring the possibility of heavy 
duty plastic tubs. The commonly Vailal)le plastic tb 
and bucket found in the market last only a few weeks. 

llanchling.Prcpatrewatcr forblanchingby adding 0. 1% 
sodium meta bisulplhitc and .1.14'. glacial acetic acid 
(0.1 % is thcsam cas Ig pr IiteroUfw:itcr). Ina blanc,;ing 
tubcontaining 150Iitcrsof\v ,r, add 150-170go ctech 
of the two chemic ils in order to loc'."S about 300 kg 
of potatocs. You can then add 110 g of each clicitical 
to process ?50 kg more. \Vith a lothcr I 1) g of*each 
chemical you can blanch 250 kg more of potatoes. 
Finally, with another 110 g of Cch chemical, voII can 
process another 2() kg. Thus, 1,0)) kg of potatoes can 
be 	processed with about 500 g of each chemical. 

ortslis bg 
tthe.3 s or slices inlo the bltchi itrvtlcr nld 

agitate 2-3 rMill (11.1611 blanching. The wv:0er should be 
boiling (or \,ery near Slices 3.0 thickboiling). mm1111l eSeason,ut 3 m i 
to be blanched fr more Mi. SIlices should be about 
"lalf-cookcd" drII ing blanchIt ing. I ftIicy ire cooked too 
much, they become solt and tend to brakk d uri tig spretl-
ing. To test the dCgrcc of blanching, insert a titer-
mometcr into the blanched polltoes immediately upon 
removing From the blancher. lIftliecteneratwe is 8C, 
or slightly more, thle potatoes are sr fficienlly blanched, 

s hou ld b e b l anc h ed i n a b o~ . T hic ke r s l i c es ne edI 

Post-blanching chemical bathing. Prcparc a sAution 
of 0.1% sodium mcta bisulphite in two or mor,- :;imill 
tubs holdingabout 35 lite s ofwater. After drainingbags 
of blanched X)ttoes about I Mitt, )l:icc in tile chemicatl 
bath for 5 min (experiment with this tining as y'oil may 
get equally good rcsLtS with a shortertime), Drain bags
well and immediately spread potatoes for drying, 

Spreading and dirying. Immntediately empty bags on 
drying racks. Spread ;;i h i wooden spoon tkre"k to 
assure speedy cooling and drying. The poltatocs are 
spread on nylon miosluiltO netting placed over the racks 
to keep tie chips from tOUtLiiig the wirc mesh and o 
make handling easier. Only one person is required to 
spread julienne strips. They' arc .,prcad and later turned 
over three or four times during the d:iy simply by 
running one's Fingers through the layers of potloes. 
Wafer type chips take at least live tities as much labor 
as each chip has to be separated on the netting. Wafers 
also take up about live times is much rack space. 

Drying is done in open sunlight. It takes fron v 
minimum of 6 hrs to a rraximum of three days. When 
drying takes more than oneday orthe weather threatets, 

thcracksofcihipsarestaclkcd in awell vcntilatedshelter. 
A%soon as chips are cool, separate them into a single 
layer. 

laclingthe(riedlproduct.SIicesorstrips may be sold 
directly in bulk or in 100 to 500)g plastic bags. This 
rcqu ircs purchasing adequatc standard size bags, weigh
ing, filling, and heat-scaling tie bags. A small slip of 
paper may be required to meet labeling requ irements; it 
should include information such as net w ,ght, month 
of packaging. 

Mlaking and paclaging x)tato poider. To make pow
der, one grinding unit can serve 8-12 drying units and 
should be located as close to the drying units ,s prar i
cal. The steps involved in making potato powder and 
readying it for sale are as follows: 

a 	 Insrectin g d.iel slices. Dried slices should come 

from the drying units in woven polyethylene or Hs
sian bags. (If chips are to be stored during the rainy 

they must be packed in a 2(X)-gauge plasticI Ii It i d Il e wo n b a ) T s a g mu t e c e aliiter iitside the woven bag). "l'hese bags must becle~a 
and completely frec of insect eggs. Before grinding 
or storing, the chips must be inspected, and dis
colored chips, foreign matter, etc., removed. For this 
process, there should be two inspection tables onto 
which the bags are emptied. licsc tables should feed 
directly into tie grinding mill. Discard the whole bag 
of chips ifit is infested with insects or shows visible 

signs of fungus growth. These chips may be used Is 
animal feed. 

* 	 Grindling. This may be done in a 40 cm to 60 cm 
horizontal stone mill or a screen mill which can be 
run with a 5-10 lip motor. To reduce the danger of 

insect infestation-which is always present in cereal
grai ns--use the mill for dried potato only. 

Sieving. The powder will have to be sieved ifground 
in a stone mill. This may be done manually or by a 
sieving machine. A sieving machine will reducedust 
losses and improve cleanliness. Regrind oversize or 
large pieces. The powder should have a granule size 
similar to suji (semolina). With hand-sieving, grind
ing losses will be about 1.0%. This is made up mostly 
of moisture lost to the heat of grinding, and dust. 
Most of tle d ust losses take place during hand-siev
irg. 

Packaging. Tle basic packaging requirement for both 
dried chips aid powder is that they be protected from 
moisture, rodents, insect infestation, and dust. For 
easy handling, powdershould be packed in quantities 
of from 25 kg to 40 kg. Howcvr, bulk users may 
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specify the weight they prefer. Furthermore, bulk 
packaged powder requires an inner plastic liner of 
about 200-gauge low density or high density 
polyethylene or polypropylene and an outer bag of 
jute orwoven plastic. Pack all powder in the standard 
bulk packing and later fill into ret- ilpackages if 
required. For retail packaging sea lire-printed opa1-
que plastic bagofabout 200-gauge and heat seal after 
filling. A convenient weight for all retail packing is 
200 g. Be sure the bag has the information required 
by law printed on it (maximum price, net weight, and 
month of packing). Afer sealing, check that there are 
no leaks in the seal. 

Shelf life. Powder or chips fully protected froin mois
ture and infestation rcimin good for at least two years. 
Dried chips do not attract infestation as much as powder 
does. 

Licenses and Legal Requirements 

The village-level processing plants have had to comply 
with food and storage licensing requirements in India, 
as well as sales tax and packaging laws. Furthermore, 
certain labor laws relatec to minimum wages, permanency 
of employment, and number of employees, biad to be 
dealt with. I lowever, due to remoteness aid the small 
size of the enterprises involved, these regulations are 
not very strictly enforced. 

SO'IC has assisted plants located in or near urb, 
areas to obtain food and storage licences. Geneally, 
compliance with these operating procedures hl,; not 

been difficult. The main purpose of the food licence is 
to assure sanitation and eliminatc adultcration. Becausc 
of the nature o1 the p)roducts, laboratory tests hmve 

shown very low bacterial counts. The cost of Ihe food 

licence is quite low. Alod itnspector issopposed to visit 
the site before a licence is issued but often11does not. 

Specific regulations govern the labeling of pack-
ages for retail sale. Besides the name of the product Oind 
ingredients, labels must include weight, date of packag

ing (or manuflacturing) and, when appropriate, an cx-
piration date. 

Manufacturers and marketing companies become 
subject to sale-.s tax in India when sales reach a certain 
levc'. So far the producing units are exempt, though the 
nriin marketing unit for STfiEC is not (see Three-Tier 
System below). Due to the nature of its business, it 
applied for-and was grarned-a higher sales tax ex-
emption. 

Although every effort hs been made to comply 
with minimum wage requirements, the plants find they 
have to conform to the going wage rate in the area is 
well as the season in which they operate. For instance, 
wages are much higher during the wheat harvest. Con
scquently, the plants have to either pay higher wages or 
close down during that period. Until now, the average 
wage paid by the plants approaches and occasionally 
exceeds the offcial minimum wage for rural agricul
tural workers. So as to facilitate marketing of the dried 
chips and other processed products, S)'TEC his estab
lished an elaborate production and distribution system. 

Three-tier 
Production-distribution System 

Several distinct activities are necessary to make village
level potato processing successful. These include: (1) 
processing and drying; (2) storing and grinding; (3) 
p:ackaiging, storage, and dispatch; and (4) salcs and 
marketing. An individuantl processing plant might do any 
one or more of these activilics. FHowever, SOtC has 
established the following three-tiered structure to pro
vide lunlity control and technical support in processing 
as well as to catpture certain economies of scale in 
markeliag. 

Tier I. This is the village plant or unit which processes 
and dries chips. It is snmall, bascd in a village, operates 
with unskilled labor, is locally owned, and is seasonal. 
It may also include other activities such as papmr mak
ing from starch. 

Ideally, a number of these units should be located 
close togelher and feed their production into a Tier 11 
unit. 

iiet 11. The activities of this unit are to sort the chips it 
receives from 8-12 nearby drying units (quality control), 

grind thni into powdcr, package the powder and/or chips
in bulk or retail packages for sale, store these products, 
and dispatch orders. 

Tier Ill. This unit handles sales and marketing. Several 
Tier 11units channel their products for sale through a 
sim'lc Tier Ill unit which is responsible for advertising, 
pac,;aging, designing, getting products into retail stores 
either directly or through distributors, locating bulk 
ind ustrial users, handling billings and collections, and 
giving ''icrs Iand IIprotduction t-irgcts. Tier Ill may also 
become tile prilcipal finiancing unit by getting bank 
loans for product purchases so that Tiers I and II receive 
payments promptly. 
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Initially SOTEC operated at all three levels. In 1988 
about 95% of the sales activities were turned over to 
three independent sales companies. In 1()0 so'1t-c dis
continued operation of its own pilot facility production, 
so that all the production is now done by village unitS. 
Some of the activities of Tier 11units were turned over 
to the Tier III marketing people on a trial basis. This did 
not work 	well. 

SOTEC is currently arranging the establishment of 
a federation (similar to a coop) ill conjunction with a 
program of the Khadi and Village Industries Board 
(KV113), an autonomous government organization. Tile 
membership will be m:,ue up of"all production units, 
marketing units, SO'T1, and other parties willing to join 
the federation. The federation will assuiC all tie cTier II 
and some of' tile Tier Ill rcspoii.sililities and also the 
supply olequinment: and it will help with tI proctire-
went of raw materials and finacinu.. The I'CdCration 
should also be helpful in fixing product prices and 
margins, and in quality control. Its effectiveness will be 
evaluated 	after its fir.st year of operation. 

History of the Units Established 
Twenty-one plants have been established since tile in-
ception of the project. Ten plants are presently in opera-
tion (Table 3). 

In 1985, 	 the Project Director ran a prototype at 
Nave Institute, Shahiahanpur, from Mahrch to N,,'. In 
October, a series of training programs were started in 
Bareilly as the project and all its activities were shifted 
out of Shahjahanpur. The first unit for t.'. Hortico-a 
parastatal 	food processing company, was cstablislfcd at 
Hapur, Ghiaziabad District, and stalf were trained during 
November. However, tie unit did not really operate until 
February of the following year. 

In 1986, two units were started I-or Ut 1-ortico at 
Hapur and Kaimganj, District Farrukhabad. Another 
plant was set up in Farrukhabad city sponsored by the 
KVIB. Three other flacilities were established in Nivari, 
District Tikamgarh (M.P.), by Anandit Agro Enterprises, 
a local NGO. SOTIIC's unit continued to operate at tile 
office site. 

The Far.ukhabad unit never operated properly. The 
U.P. Hortico and Anandil units marketed their products 
through their own outlets. 

In 1987, tile SOTEC facility was turned over to a 
small entrepreneur to be run on a commercial basis and 
to test its financial efficiency. This experience provided 

Table 3. 	 Village-level potato processing plants
 
organized by SOTEC, 1985-9).
 

Plants 
Year Established In operation 

1Q85 1 	 1 
1986 7 	 6 
1987 4 	 7 
1988 2 	 8 
1989 6 	 10 
199) 2 	 10 

Sour'e: SOTI:'C. 

i great deal of inlbrmation about worker productivity,
 
recovery rates, and production problems. The three
 
Anadit units continued to operate during 1987 but the
 
1-ortico units were discontinued due to a lack of interest
 
by the new general manager.
 

The new 	 plants included a women's unit at the 
office site which worked parallel to the original SO':C 
plant; and one unit at the Good Shepherd Agricultural 
Mission (;S,M). Tanhkpur, District Nainitad. Two other 
plants were set up by private entrepreneurs; one in 
Bareilly and another at Chandausi, District Chandausi. 

The Bansal unit produced about 1.7 t ofchips which 
were sold independently after having SOTl-C mill them 
into powder. Tle (;SAM sold about 170 kg of their 
product and used the rest for their stalf and orphanage. 
The Chandau;i unit was started by a large farmer who 
planned to sell directly to a private snack factory in 
Lucknow. He produced 5-6 1of product. However, when 
tile snack factory failed, the potato drying unit was shut 
down. 

In 1988, the SOTC unit was taken over by a new 
operator since the previous manager wanted to set up 
his own unit in a village. However, he was not success
ful in finding a site. The Anandit, Chandausi, and GISAM
unidis te operaons N uts w sa
units discontinued operation . New units were nstab
lisid at Bantra, District Shlijahanpur at a women s 
training program, and at Poliganj, a village in District 
Nainital. The Bantra project is very small and markets 
its own products. 

All the units which operated in 1988 continued 
operations in 1989. New units started were: (1)a SOTEC 
unit at its new Rural Development Center n:ar Bareilly, 
and (2) one each at Mahhola and Bisalpur in District 
Pilibhil; at Bijamaw, and Harharpur in District Bareilly; 
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at Isanagar in District Rampur, and at Bhambi in District 
Shahjahanpur. All these units are run by small farmers 
located in villages off the main roads and are typical of 
the sO'rC targct group. 

Abnormal weather conditions during the first half 
of 1990, characterized by frequent heavy rain and high 
humidity, caused severe late blight damatge to potato 
plants in the field and substantial losses for growers. 
This resulted in potato prices increasing by 215% in 
three weeks. Drying was also difficult. In spite of this, 
six of the seven village units operating in 1989 con-
tirued to do so in 1990. The seventh one did not operate 
because the potato crop schediied for processing was 
ruined by the rain. 

The women's unit and the commercial unit at the 
sO'llic office site were converted into a demonstration 
unit of the new Research, Training, and Village Dcvcl-
opment Center (RTVI)), 12 km from the olficc. The plant 
at Bantra in Shahjahanpur District continued to operate. 
One new unit was started at a village in District Kanpur 
and at Sirsaganj in District Mainpuri. 

Production 

Accurate production figures are difficult to come by. 
Some products were sold directly by units and no infor-
mation is available. SOTE: marketed over 6 t of dried 
chips and strips in 1988, and about 40 t in 1989 (Table 
4). Unfortunately, production was much lower during 

Table 4. 	 Sales (t) or processed potato products by
 

village plants, 1987-89.11 


Year 

Product 1987 1988 19 89 b 

Chips 0.2 2.0 35 
Strips 0.15 1.5 3.0 

6.0Powder 2.0 6.0 
Starch -- 0.4 1.2 

-and 

Total 2.35 9.9 13.7 

Source: SOTEC. 

aFigures do not include sales by plants that do their market-

ing directly.

bMarch-August only. 


1990. However, demand was so great that about 90% of 
output was sold as soon as itwas ready. 

Future Expansion 

In 1988, SOTiC signed a three-year agreement (1988
90) with Appropriate Technology International (AI) 
for Rs 1.5 million-quoted in the project document as 
USS 115,000, but valucd at USS 87,000 at the then 
current exchange rate5 . Due to a delay in receiving these 
funds, this project did not actually start until late 1988. 
Therefore, it has only been operational during one pro

cessing season. The objective is to develop, field test, 
and establish the commercial operations of sorting, 
processing and drying, and grinding potatoes. The first 
two years are designated as a demonstration project 
during which several poltato stores are to be built, thice 
processing units established, and a milling unit set up. 
During this time, the project is expected to employ 39 
persons (in the units and stores) and to process 405 t of 
potatoes each year. 

If the demonstration project proves successful, an 

expansion phase will follow during which time a loan 
applicition will be made to a commercial bank for 
financing capital costs. Working capital will be covered 
by a loan from an All-financed revolving fund managed 
by SOTfiC. Six more processing units with supporting 
facilities are to be established during this phase. The 
project will be run by a project manager and a field 
worker. It also includes product appraisal and market 

development, as well as support to local entrepreneurs. 

Costs and Returns 
to Village Processing 
In tandem with the R&D work on the technical aspects 

of village-level potato processing, the SOTEC project 
has also gone through a series of adjustments in the 
estimated operating costs and returns to such activities. 
The economic viability of village-level processing

the best ways to achieve it-remain topics of on
going discussion within SOTl:C ,swell as between 

project staff and the team of advisors fiom CIP. 

In the initial years of the project, SOTI-C personnel 

envisioned village processing plants operating at widely 
different 	 output levels per day and per season. For 

5Appropriate Technology International (A1l) is a US-based, NGO that supports projects to diffuse improved technology to low-income 

groups indeveloping countries. 
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example, in one of thc earliest versions of the operating 
manual for such pla(:;, stiutacd costs are talr units that 
process from 200-1,000 kg of fresh potatoes per day 
(CIl1 booklet based its calculan.d.). Furthermore, tile 
tions on a drying operating season of 0t) days for all 
Units, but tioted that "in sOfleC locat ions 90-150 dlys of 
drying are quitc :-ssiblc." However, it did indicate that 
the rate of rciLi:; was 20% for the smallest plants, 200 
kg/day, versus 115% for thIe largest facility (,000/kg).
Yet, both facilities used csseitihl tliesame technology. 

In an effert to explain this apparent ILaradox, a much 
more detailed set of estimated operating costs were 
developed by Cll' social scientists (Scott 1988). These 
calculations were more systenat ic. I lence, they in-
cluded sonic costs that had been overlooked. They also 
were more realistic. They used a conversion raIc froni 
fresh potato to dried chip of' I(L rather than the 20% 
assumed earlier. As these lgutircs demonstrated, the 
smallest villagc-level plants, i.e., 12 tperse son, simply 
do not process enoLigh potatoes over even five process-
ing seasons to pay for fixed costs in the form of in-
frast ructurc and equipment as well austhe costs of' 
day-to-day operations, e.g., labor aid l×)tICes (see Ap-
pendix Tables 1, 2, 3). In the slightly larger units, 400 
kg/day, profitability is extremevly vtulneralebC to disrUp-
lions in the formi of bad weather or nieclianic:il break-
downs that reduce the vol time of freshI potatoes they cin 
process ila seson. Iniother words, village-level (small-
scale) processing still hls to be big ettougl to be econ
omically viable. SOTli C.now considers 60 t over aboUtI 
75 days to be a realistic, minimtini level of operation 
from atneconomic pointf view. 

A second economic issue to emerge had to do with 
the accuracy of the estimates of operating costs. The 
initial calcalations were based on trial runs that took 
place from January to April 1985. This seemed realistic 
enough. However, the reported figures were based more 
on spontaneous recall (for tile inl)its LtiliZed, prices 
paid) than a systematic recording of actulla costs in-
curred, because SOI("staff were extremely busy trying 
to address a myriad of problems. The figUrcs presented 
were intcndd a ipproximations or guidelines for niak-
ing investment decisions, not actual operating costs. As 
records frorr, the respective processing seasons began 
to accumulate, it was possible to review these estimates 
in light of actual performance. A careful inventory of 
these costs showed that a number of items were more 
expensive than originally estimated, e.g., drying racks, 
and that technical conversion factors were less efficient 
than believed. In particular, conversion rates from fresh 
potatoes to dried product ranged from 14% to 20%, and 
not the20%originallyestimated. SO'IEC has subsequently 

adjusted theirguidelines for village processing plants to 
include more realistic cost estimates in the operational 
goals for prospective units. 

A third area of economic discussion concerned the
 
role (lstorage invillage-level potato processing. SOTlC
 
personnel always considered storage to be a necessary
 
component of vill-age-level potato processing opera
tions. They argued that to achieve the volumes of pro
ccs':,d product per season necessary to assure 
profitatbility, the platnts Vould have to operate over about 
75 days. It would be impossible to process the same 
quantity of fresh potatoes inlhalf the time because tile 
plants were not equipped to handle this type of volume. 
Conseq ucntly, to ensure a steady supply of potatoes to 
the processing flicilitics, each of the pllnts was to in-
CIlIde a1rustic store. Some fresh lxatoes would be 
harvested (or purchased) at peak harvest time and pro
cessed intuediately. At the same time, i.e., when potato 
prices were e.spccilly low and the condition of the 
nattre tubers ideal for placing into storage, sonic po
tatoes would be collected and put into the rustic store. 
As tie supply of fresh [x)tatoes ran out and the price of 
potatoes itn village processthe niarketpl ace went up, tilte 
itng plant could begitn to use tile potatoes kept in storage. 
This procedure would not only allow the plant to use 
cheaper potaItoes, but also would avoid disruptions in 
da',ily operations due to difficulties in procuring raw 
material as tileharvesting season caie to) an end. 

Although storage was always considered integral to 
village-level tx)tato processing operations for the above 
mentioned reasons, the actual costs of constructing tie 
rustic store to keep the potatoes were not included in the 
original estimates of operating costs and rcturnls of tile 
plants. Instead, the estimated cost of renting such a 
facility was listed among operating expcnse s. Once 
these construction costs were estimated, it was possible 
to simulate the returns to: (I) processing without stor
age; (2) storage vithout processing; and (3) processing 
and storage. 

The results were surprising to s501l staff in that 
they showed storage ,donewas not only more profitable 
than the other options in absolute amount, but also 
offered a much more attractive rate of return on total 
annual costs (Appendix Table 4). C' technical advisors 
suggested that these figures indicated at a minimum that 
rustic storage could be uLtilized as a way to generate 
capital for peasant cntrcprcncurs interested in estab
lishing aconiplete storage and processing operation, but 
who lacked the financial resourcv, to adopt tile entire 
postharvest package at once. Alternatively, these data 
suggested that some small farniers might only store 
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potatoes as a way of overcoming the seasonal fluctua-
tion in potato prices. In other words, product develop-

ment may well involve a variety of strategies to benefit 
different types of farmers. SOTI-C .taff remain skeptical 
about these results, but feel the storage option should be 
examined more closely. 

SO'TEC's latest estimates of the costs for infrastruc-

ture to process potatoes include storage costs (I'Tble 1) 

and are for a facility equipped to handle between 800-

1,000 kg of fresh potatoes per day (LTble 2). Daily 

operating costs are calculated to be about Rs 1,400 for 

1,000 kg of fresh potatoes (Table 5). If it is assumed that 

It plant operates over 90 days and processes potatoes 
oa 60 days during that period, then the total cost per kg 

of dried chips will be R-s 10.24 (Table 6). This assumes 
as well that the facility will average 1,0(10 k/day and a 

conversion rate of fresh potatoes to dried product of 

18%. Conversely, ifthe productivity ofthe plant is lower 
and the conversion rate less favorablc, the costs per kg 
will be higher. 

Fixed costs make up less than 25% of total costs 
(Table 6). Hence, these costs represent more of a barrier 
to entry to village processing for households with little 
or no capital than items that greatly influence pro-
fitability. Consequently, efforts by S(YIIC staff to try 
and lower the costs of the drying racks, for example, 
overlooked the fact that these costs simply do not in-
fluence total costs per kg to any appreciable extent. 

Table 5. Daily operating costs for processing dried 
chips.a 

Input Costs (Rs) 
l.abor 230 
Potatoes (Rs 1.X)/kg) 1,000 

20(Chemicals 
110
Fuel 

Maintenance 
10Supplies 
10Contingencies 

l'otal 1,400b 

Sour'e: SOTEC.
 

"Daily capacity of 1,000 kg of fresh potatoes.
b(r,about USS82.35 at an exchange rate of Rs 17.()O=US$ 1. 

Alternatively, the cost of raw material accounts for 
slightly over 50% of production costs and, therefore, has 
a mnuch stronger effect on economic viability. As costs 

of processing roots and tubers may not always be what 
they seem, it is probably best to have a clear picture of 
their relative importance before investing scarce human 
resources (otry and lower one rather than the other. 

According to SOCic, the bottom line on these cal
culations is that for a 20% profit margin, the price per 
kg of dried chips paid to the village plants has to be 

fable 6. 
Trype 

Total operating costs per season for procesting dried chips., 

Cost (Rs) 

Fixedh 
Infraistructure (.25 of 30,950) 
Equipment (.25 of 34,292) 
Interest charges 

7,738 
8,573 
7,829 

Variablec 

Inputs not including potatoes, e.g., labor 
Potatoes 
Interest charges 

24,000 
60,000 

2,520 

Total 110,660 

Cost per kg of dried chips d 10.24 

Source: Table 1,2,3,and SOTEC. 
aCosts are for processing 1,000 kg per day for 60 days during a period of 90 days. 
bprincipal and interest (12%/yr) are paid during 4 years. 

cInterest charges are for Rs 24,0X0 at 12%/yr for 90 days. 
d6 0 ,000 kg with a conversion rate of 18%. 
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about Rs 12.29/kg, or about ten times the pcice of fresh 
potatoes during the peak harvesting period. If the plant 
processes fewer potatoes, e.g., 800 kg/day,, tnen the 
price has to be higher still. SOTlic" estimates this to be 
about Its 14.5/kg all other things being equal. With these 
prices, the owners of the village plant will pay for all 
infrastructure and cquipment as well as completely can
cel outstanding loans to cover these costs in four years. 
Thus, it appears that a.longer payback period or lower 
interest rates will not have a great deal of effect on the 
year-to-year profitability of the processing plnts. Putsomewhat differently, alt hough credit is necess, ry 

establish village-level processing plants, daily operat-
ing costs are what account for profitability. 

Difficulties Faced 
The S()II( project has ficed operational difficolties of 
botlh a technical and financial nature. They also relate to 
compliance with the project's stated objectives. The 
most important of these are sumniarized below, 

Collection and Storage 

Collection of dried chips and storage of the finished 
product have presented a series of logislical and firian-
cial problems.Thevillage plantsare toosnall todotheir 
own marketing in part because they r':qtiire income 
during the production period. They also do not have 
storage space for large quantities of finished produoct.
Shipments from units, therefore, tend to be less than 
truckload lots. This, combilCd with low product den-
sity, results in high transportation costs. During 1989, 
all product was brought to s()'11ticadqurici- for 
sorting and storage, and then re-shipped to the narkel 
as required. It is much less expensive to ship directly 
from the village to tie market but this lealds to problems 
of quality control. When unsat istactory prod oct is re-
turned from tlhe market, it adds to costs. In an effort to 
minimize these problems, 1()'11w(:tries to collect product 
from two or more nearby units and bring the combined 
lot to headquarters for inspection, repacking, storage, 
and dispatch. 

The storage problem involves both the space re-
quired and the type of building needed. Since produc-
tion occurs during 3-4 months and sales over 12 niontls, 
about three-quarters of the processed product must be 
stored. Much of this is bulky because it is in the form of 
chips and strips. Ifstorage space hats to be rcnted, it adds 
to costs and increases the possibility of insect iilfcsta-
tion. At present, SO'llc (or the villagers) hatsto store the 

product in a thatched-rooled, mud building. While this 
stores the product well, it is nt possible to get either 
insurance or bank loans on the produt thus stored. 
Therefore, buildings of misonry, or other fireproof and 
storn r sistant m:tcrials, are required for product storage. 

Quality Control 
Two main points at which quality control is essentialare 
dong grinding and sieving of the dried chips and at 

slorage. h'lhelltter includes proper inspection on rcceplion of the product as well as stor.ge ina manner whichassures retention of uality during the storage period. 

When the dried chips or strips come from village 
units to the S()'l't(. hcadquartcrs, each bag is emptied
onto a screen table allowing any small foreign particles 
to fall through. Any Irger foreign malttcr is manually
removed. The moisture is checked by pultting a sample 
in a sealed plaistic ba:g :1d plkcing it in the sun to see if 
moisture collects on the plk.,stic surface. Product, which 
is too amp, is redricd and then packed in bags of' a 
standard weight. 

During tile dry season, processed chips can be kept 

in woven bags. This reduces costs and allows drying tocontinuie. After grinding or bclore the monsoons start, 
all product is scaled in 200-gauge polyethylene bags 
inside a woven bag. Without this liner, the dried chips 
and powder can become discolored and may even spoil 
during the rainy season. 

Only ground processed potatoes can be adulterated. 
This usually occurs during (or after) grinding and siev
ing. For this reason, these operations are done at a 
ccntial location wherequality control can be maintained 
and insect contamination prevented. Therefore grinding 
shoild not be done in mills where various grains such 
as wheat and maize are milled. A major cost lssociatcd 
wilh tlhe prodloction of potato powder lis been the loss 
of' dust which flies into tile air during grinding and 
sieving. Grinding is done on a horizontal stone mill and 
sieving in large sieves placed over tubes and agitated by 
hand. Some sort of enclosed, motorized sieving ma
chine is required to reduce labor costs and dust losses. 

Different customers for bUlk product havedifferent 
spccifications for particle size and the range of particle 
size allowable. Maintaining the.se specificatiots requirs 
extra labor, increases costs, and results in fine powder 
for which a market must be found. S(o*'I:C: feels that if a 
proper screen nill is used fOr grinding, granule sizes 
will tend to be more uniform, thereby reducing tihe 
production of unwanted particle sizes. 
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Because of the emphasis on sales to commercial 
users, the marketing units are shipping powder in 35-50 
kg woven bags. When required, a plastic film liner is 
also placed in the bag. Chips and strips arc supplied in 
\,oven bags weighing 10-20 kg each. During humid 

weather a plastic liner is also used. 

Assuring Supplies,
Equipment, and Services 

Supplies of raw materials, equipment, and spare parts 

are often very difficult forsmall enterprises to obtain--
both in terms ofcosts and quality. Proper arrangements 
must be made for small enterprises to obtain these 

materials, 

ScT'l:c does not have the resources to prodtuce 
equipment to keep ill stock, there f'Oe, fabrication of 
equipment is started after it has been financed either by 
the applicant or through a grant directly to S(lC . 
SOTIEC will sell equipment lto units for which Snclk: has 
no subsequent respotsibility beyond initial training. In 
such cases, the units must undeistalnd that they arc fully 
responsible for their own marketing before S()'lhI ( will 
supply the equipment. 

At present the only source of equipiment is sCllt:. 
Howevcr, SOIC is not a mianufacturer and arranges for 

tie equipment to be fabricated for ea|ch unit oil its 
behalf. So'':(: provides the design, contacts the artisans, 
helps with tlie purcinLCs of parts dlltlitcriaIs, inld 

supervises the work. Anything not properly done is 
rectified by sun'(: staff ,w'ho also check the pr;pcr 
assemb~ly and final testirig (I til Cqluipmnct. 'The costs 
of equipment repiir are charged t(1 he ttlit. 

Also, small rural industries of' this type caiiillot 

afford to get technical, business, or legal colnsultaliCy 

from commercial consultals. 111ScI.C*sexperience, 

few, if any, commercial consultants uidc.si nd the iliceds 

or concepts sufficiently to provide useful advice fo thi:fortlOr 
level of operation. As a result, S()TI'!" provides tcchni-

cal, managerial, and marketing advice free ofchalrge as 
required by the units. 

Marketing and Sales 

For the benefits of village processing to reach a rural, 
farm-based community, most of the produtc nust be 
exported to population centers. Yet, tlie plants which 
can be run by the target group typically are too small to 
undertake marketing beyond their localities. Without 

proper distribution procedures, these plants simply will 
fail. 

During the flst several years, marketing was a real 

problem. Chips and strips sold ill the market were of 

very poor quality and less expensive than the good 
quality product madc by sm~t,;.. Powder \vLs unknown 

and a nalrkc i id to be developed. Ill recent years, 

consumer demanld for quality dried chips has increased 
and they now sell better thau the poor lality ones. 

A market surcy carried out ill Delhi during April-

Mly, I989, b' the Aoro-ecolomic Research Center of 

I[iMchal PltimIsh Univceritv, %himl, showed that con

siderable quaititics ofdried ch pqsare now being retailed 

in Del hi (Sikk: 1990)). Nincty-two retailens were inter
viewed in :;ix m:rkCts in six dil'lrCnt tones of"Delhi to 
g;,i n prii tlry i n t l t :llil il the ni1 irk cting of all types 
oldrled potato prodticts. 01nC imlportant finding was that 
these retailcs alone hid averelge niitfhly sales ol'over 
211,.ttJ) packets of dried potato products. Dried chips 
comprised 50tr+ o1" the packets sold; potato powder 
accollllted for only I . 

Secondary data on the supply of processcd potato 
products to Dclhi market was not availalle. Whole
salers and retailers could not provide this information 
either. In Ihe absence of such staitistics, total sales of 
s:mplcd rtalilers was :ssCssCd and the average mlonthly 

sales of salm [)lcd retuiilers estimated (Table 7). Sales 
werc highest for dried chips (50 '). Potato chips were 
also prCfcrrcd to polito pa par and other processed pro
ducts. 

The introduction of potato powder for household 
use has not been s S fi-fr. \hen demonstrations 

were conducted for groups, sa.les wvere good. Where 

S()lI 1v ha.d personl contacts, resales continued. Ilow

ever, rel:iilets have told S()ltR' persotnel that increased 

stlcs of Ilhie I ow xr require ittratlive, good quiamlity 

packaging. So far neither the marketing 
groups have had suff1liciell lllds to hve awell designed. 

high quality package made. Still, some retail sale of 
powder continues. Almost all granules and powder are 
sold for reprocessiig int0 Cxlrudcd snacks. 

The 1989 prodlctliO (If -10t lihd all been sold by 
April 1990. Losses of (A0-70() kg olf poxvler were due 
to moisture damage. Since the beginning of the 19W() 
scasoil, the new product Ias bectn sold as quickly as it 
has been pr-oluccd. Market size is not a constraint 
though dend will p(Issibly be greater than supply for 
the period from iJuly 1990 to Jatuary 1991. 
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Table 7. Monthly retail sales of processed potato products in Ikllli.a 

Number of 
Product/Unit of sale packets 

Potato crisps 
100 g 20,000 
40g 10,000 
25 g 4,800 

Dried chips 
1,000 g 4,000 

250 g 15,000 
100 g 60,000 
80 g 25,000 
25 g 6,200 

Potato powder 
100 g 800 
200 g 2,500 

Potatopapar 
200 g 23,700 

Other 
1,000 g 23,000 

250 g 30,000 

Total 222,350 

Source: Sikka 1990. 
aApril-May 1989. 

The marketing units have been operating through 
SOEC facilitis because the product was received, stored, 
and milled at SOTEC headquarters. At times, the market-
ing people have supervised the grinding and sieving 
operation at headquarters to ensure compliance with 
required product specifications. As an experiment, from 
March to June, 1990, one of the marketing units was 
permitted to take deliveries of product directly from the 
village production units. Grinding quality is essential 
for the processing industry because ce.'rtain granule sizes 
are required for different extrusion processes. In late 
1990, one company gave an order for 9 t ofgranules per 
month. This was two and a half times as much as the 
previous year's total production. This order therefore 
placed a strain on the production units because other 
customers also had to be supplied. Even supplying 3 t 
per month is problematic because of the difficult harvest 
and drying season during 1991. 

(%) 
of total Monthly range 

9.0 15,000-45,000 
4.5 5,000-18,000 
2.2 2,000-7,000 

1.8 2,500-6,500 
6.7 9,000-24,000 

27.0 40,000-110,000 
11.2 12,000-41,000 
2.8 4,000-10,000 

0.4 200-1,400 
1.1 1,200-4,000 

10.6 15,000-35,000 

9.2 14,000-30,000 
13.5 18,000-45,000 

100.0 180,000-230,000 

Loan Repayments by Units 

SOTEC has, through grants for this purpose, fimnced the 
establishment of seven processing plants. This financ
ing has been in the form of loans as often as possible. 
Equipment loans are for three to five years. Operating 
loans have to be paid back in full each year. SO"EC has 
not charged interest on these loans so far but plans to do 
so as the project plants become better established. 

Recovery of loans is done at the time le product is 
delivered to headquarters. The estimated a,,erage pro
duction for units is calculated for the season. The cost 
of machinery was divided by four. One fourth of the 
equipment loan is divided by the estimated number of 
kilograms of product expected for that season. For 
instance if one-fourth of the cost of equipment was Rs 
8,000 and the unit was expected to produce 7,000 kg of 

product, Rs 1.14 kg was deducted when the producers 
were paid for the delivered product. In the same way, 
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the loan for potato purchases, bags, and chemicals, 
which had to be supplied through SOTrFc, and the unit's 
share of transportation costs were proritcd against pro-
duction and deducted when they delivered their products, 

Because the project is so new and so complex, 
SOTEC is still feeling its way. s'1c; fteels it is necessary 
to assure that unit:s which are being properly operated 
end the season with some profit including some cash in 
hand. When calculating the rcpaymcnt schedule, the 
total financial picture of the unit is considered before 
the amount to be deducted is finalized for the season. 
Therefore, during 1990, the equipment repayment re-
quirements were partially or completely put off for one 
year bccause of low production and high prices due to 
unseasonal rains, 

Lack of Financial 
Sources or Reserves 

Small farmers and small entrepreneurs usually do not 
have the financial reserves to survive without "immedi
ate" payment for goods and services provided. There-
fore, the way in which payments are made or credit 
provided can be critical to their economic viability. 
Appropriate sources of financing must be found. 

Furthermore, to assure Isufficient quantity of pro-
duct is available to generate ;n attractive market, funds 
have to be available early enough to enable the units to 
beset up and sufficient potatoes to be bought aid stored. 
About 6-8 months lead time is needed to construct 
equipment and conduct training, and 6 weeks to pur-
clhr:e potatoes. 

Proj ect Management 


Too much of the project's management has centered 

around one person. Job responsibilities have not been 
adequately defined. Management needs strengthening 
to :dlow SOI.C to grow as it should. In particular, 
project accounting would benefit from bcing contracted 
out to a local firm with computing capability. At prc- 
sent, the project's director and secretary have to spend 
too much time on budgeting, accounting, and reporting 
on accounts. 

Conclusion 
Village-lcvel potato processing has potential in devcl-
oping countries for a number of reasons. It raises the 
value added of low-priced farm produce. It utilizes an 

inexpensive, envirtnmentally fricndly cncrgysource
the sun. Village-levcl processing is very labor-inten
sive. As a result, it provides employment for unskilled, 
underemployed rural workers at a time of the year when 
job opportunities wirc scarce. Processing and storage
activities also ofl'cr an opportunity for pcasant farm 
households to owu their own business, thereby generat
ing an alternative source of income. Village-level pro
cessing produces a tasty, versatile product at a lower 
than factory cost. The tcchniqucs involved in village
level potato processing can be adopted for other pro
ducts, e.g., swectpotatocs. The processes themselves 
and the operating procedu re c.sy to learn and 
therefore lend themselves to rapid replication. After 
nore than live years ofexperience, SCYIEC staff feel 
confidctt that the process and equiii pment re su ffiicient

ly developed to ensure profitable operation when used 

according to instructions. In addition, scveral important 
lessons have bcc learned for other individuals or in
stitutions interested in villagc-levcl potato processing. 

Lessons Learned 

I. 	 Village-level potato processing has certain basic 
prerequisites including: (1)a suitable drying season; 
(2) sufficient potatoes available at a reasonable 
price and time; (3) capacity to store potatoes for 2-3 
montls to ensure a chcp, reatdy supply of raw 
material; (4) equipment casy to operate and rcla
tively inexpensive; (5) adequate financial support 
to cover losses during the development period; (6) 
credit to f'inancc the costs of setting Ipvillage 
plants aid to cover annual operating costs and on 

terms peasanl households cal meet, i.e., alterna
lives to real estatc as collateral fkar loans, as well a.s 
available at the proper time and in the amounts 
needed; and, (7) a potential market. 

2. 	 Devclopmcnt-ais opposed to transfcr-of village
level technology takes time. Although the basic 
principle'. of potato processing are already known, 
the adption of this knowledge to location-specific 
circumstances involves several years of applied 
research, experimentation, and trial and error. To 
see this process through requires dedicated person
ncl willing to remain with a project for 5-8 years. 

3. 	 Management and institutional arrangements are 
equally, if not more, important than purely techni
cal bottlenecks. The lattcr may be solved through 
temporary outside support, whereas the former re
quires on-the-job training and coordination with 
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public and private organization over an extended 
period of time. 

4. 	 Village-levcl potato processing is much smaller 
and less technically sophisticated than factory-sizcd 
operations. An analogous comparisn could be made 
between rustic potato storage vers:Ls storage in 
large, refrigerated facilities. The laer is comnmnon 
in northern India. The advantagc.; of a small-scale 
processing unit in competing with larger operations 
are: 

" 	it minimizes overheads by keeping machinery simple 
and reducing management costs, the units remain 
small enough to be handled by the villagers themselves; 

" 	 it uses family members or relatives as a signifi:int 
part of the labor force ths making tlic inconc fron 
wages as important to the plants as income from pur,
profits. Furthermore, family-run plants do not come 
under sonic labor and tax laws thus red ucing costs; 

* 	 it markets dried chips through a coop-type associa- 
tion of the units so that product supplies are assured 
to customers from tie association and only a few 
pcrsonsare employed for thcwhole year. people who 
want to set up large plants feel they necd a year-round 
operation and use mechanical dryers. These result in 
high overhcads, expensive raw materials, and pro
cessing problems which all add to high costs and 
limited flexibility. sOll.' plants have been able to 
sell product at 25-30% less than sonie automatic 
vegetable drying plants which have been established 
in India; and, 

" 	 it keeps the units flexibleso they cancxtcnd or reduce 
the length of their drying season or even close down 
for one season with minimal losses. 

5. 	 Economic considerations-the I)ottom line-require 
continuous refinement. Each of tie initial, rough, 
and ready estimates must be compared with actual 
operating costs to ensure that guidelines for future 
facilities are realistic. These calculations can also 
serve to foicus improvements in economic pcrlor
mance in areas where the major costs are incurred 
(e.g. on price of raw material rather than the cost of 
drying racks) and to identify the scale of operation 

in terms of the minimum quantity ot potatoe s that 
must be processed per season to ensure prolita
bility. Finally, economic considerations may sug
gest alternatives to the original project design that 
can facilitate diffusion of thecentire package as well 
as adoption of particular components, e.g., storage, 
for those prnspective users who may prefer to do so. 
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Appendix Table 1. Fixed costs (Rs) of processing potatoes. 

Amount of fresh potatoes to be processed/day 

200 kg 400 kg 600 kg 1,000 kg 

Cost per Cost per Cost per Cost per 
quantity unit total quantity unit total quantity unit total quantity unit total 

Equipment 
1. Washer-cur-peeler 1 1,800 1,800 1 1,800 1,800 2 1,800 3,600 2 1,800 3,600 
2. Tubs 6 810 7 945 12 1,620 16 2,160 

Tubs peeling 1 135 135 1 135 13- 2 135 270 3 135 405 
Tubs slicing 2 135 270 3 135 405 4 135 540 6 135 810 
Tubs rinsing 1 135 135 1 135 135 2 135 270 2 135 270 
For post blanch rinse 1 135 135 1 135 135 2 135 270 2 135 270 
Chemical bath 1 135 135 1 135 135 2 135 270 3 135 405 

3. Hand slicers 2 40 80 4 40 160 0 40 0 0 40 0 
4. Mechanical slicers 0 0 0 0 0 0 1 1,800 1,800 1 1,800 1,800 
5. Mash bags 4 22 88 5 22 110 6 22 132 8 22 176 
6. Draining stands 1 50 50 1 50 50 2 50 100 2 50 100 
7. Blancher with cover 

including masonry work 1 1,000 1,000 1 1,000 1,000 1 1,000 1,000 1 1,000 1,000 
S. Drying racks with nylon nets 12 145 1,740 24 145 3,480 36 145 5,220 60 145 8,700 

Total cost of equipment 5.568 7,545 13,472 17,536 

Structure 
1. Scale for potatoes 0 0 0 0 0 0 0 0 0 0 0 0 
2. Scale for chemicals 0 0 0 0 0 0 0 0 0 0 0 0 
3. Shed for shade & night store 1 1,600 1,600 1 3,200 3,200 1 4,800 4,800 1 8,000 8,000 
4. Ccment & brick work 1 300 300 1 600 600 1 900 900 1 1,500 1,500 
5. Shade for Spreaders 0 .0 0 1 0 0 1 0 0 1 0 0 
6. Drum & stand 1 150 150 1 175 175 1 200 200 1 250 250 
7. Masonry tank on ground 1 250 250 1 312 312 1 375 375 1 500 500 

Total cost of structure 2,300 4,287 6,275 10,250 

Storage for fresh potatoes 1 500 500 1 800 800 1 1,100 1,100 1 1,800 1,800 
Total fixed cost 

Equipment and structure 7,868 11,832 19,747 27,786 
Equipment, structure, and storage 8,368 12,632 20,847 29,586 

Source: Scott 1988. 



Appendix Table 2. Variable costs (Rs) of processing potatoes for 3 month's work (90 working days). 

Assumptions: 
-Labor for processing: 1 supervisor (Rs 15/day) and 3, 5, 6, and 8 workers (Rs 9.5/worker/day) to 200, 400, 600, and 1,000 kg of fresh potato processed, respectively.-Package: Ratio chiIps/fesh potato = 0.16 and 1 package = 0.25g. T'en for 200,400,600, and 1,000 kg cormspond- 128, 256, 384, and 640 package, respectively.
-Each 2 days, 210 packages are packed. 

Amount of fresh potatoes to be processed/day 

200 kg 400 kg 600 kg 1000 kg 

Labor
 
Processing Rs 43.5/day x 90 days 
 3,915.00 Rs 62.5x90 5,625.00 Rs 72.0x90 6,480.00 Rs 91.0x90 8,190.00Packing R',; 9.5/day x 45 days 427.50 Rs 9.5x45x2 855.00 Rs 9.5x45x3 1,282.50 Rs 9.5x45x5 2,137.50 

Package
 
Plastic bag & label Rs 0.27 x 128 pack/day 3,110.40 Rs 0.27x256x90 6,220.80 Rs 0.27x384x90 
 9,331.20 Rs 0.27x640x90 15,552.00 

x 90 days
Outer packing Rs 0.04 x 128 pack 460.80 Rs 0.04x256x90 921.60 Rs 0.04x384x90 1,382.40 Rs 0.04x640x90 2,304.00 

x 90 days
Chemicals Rs 6.0/day x 90 days 540.00 Rs 12x90 1,080.00 Rs 19x90 1,710.00 Rs 30x90 2,700.00 

Coal Rs 12.0/day x 90 days 1,080.00 Rs 17x90 1,530.00 Rs 23x90 2,070.00 Rs 32x90 2,880.00 

Marketing & transportation Rs 0345 x 128 pack 3,974.40 Rs 0.325x256x90 7,488.00 Rs 0.305x384x90 10,540.80 P. 0.295x640x90 16,992.00 
x 90 days
 

Otners costs (mistelaneous)
 
Maintenance Rs 15.0/day x 90 days 1,350.00 
 Rs 25x90 2,250.00 Rs 34x90 3,C60.00 Rs 43x90 3,870.00Supplies Rs 5.0/day x 90 days 450.00 Rs 7x90 630.00 Rs 10x90 900.00 Rs 15x90 1350.00Rental Rs 10.0/day x 90 days 900.00 Rs 15x90 1350.00 Rs 20x90 1800.00 Rs 40x90 3600.00Contingency Rs 2.0/day x 90 days 180.00 Rs 4x90 360.00 Rs 6x90 540.00 Rs 9x90 810.00 

Total variable costs 16388.10 28310.40 39096.90 60385.50 

Number of packages 11520 23040 34560 57600 

Total variable cost/package 1.42 1.23 1.13 1.05 

t Source. Scott 1988. 

http:60385.50
http:39096.90
http:28310.40
http:16388.10
http:3,870.00
http:3,C60.00
http:2,250.00
http:1,350.00
http:16,992.00
http:10,540.80
http:7,488.00
http:3,974.40
http:2,880.00
http:2,070.00
http:1,530.00
http:1,080.00
http:2,700.00
http:1,710.00
http:1,080.00
http:2,304.00
http:1,382.40
http:15,552.00
http:9,331.20
http:6,220.80
http:3,110.40
http:2,137.50
http:1,282.50
http:8,190.00
http:6,480.00
http:5,625.00
http:3,915.00


Appendix Table 3. Economic feasablity of producing dried potato chips in packets (90 work days, 5-year 
credit). 

Assumptions: 
-Fresh potato price: Rs 60/100 kg. 
-Selling price of potato chips: Rs 2.5/package of 2,0 g. 

Amount of fresh potatoes to be prucessed/day 

200kg 400kg 600kg 1,000kS 

5-yearcredit 5.year credit 5.ycar credit 5.year credit 

I st 5 th 1st 5 th I st 5 th 1 st 5 th 

Year Year Year Year Year Year Ycar Year 

Annual costs 

Fixed cost loan repayment 1,573.60 1,573.60 2,366.50 2,366.50 3,949.40 3.949.40 5,557.20 5,557.20 

-Equipment 1,113.60 1,' 13.60 1,509.00 1,509.00 Z694.40 2,694.40 3,507.20 3,507.20 

-Structure 460.00 46' 00 857.50 857.50 1,255.00 1,255.00 2,050.00 2,050.00 

Variable costs 27,188.10 27,188.10 49,910.40 49,910.40 71,496.90 71,496.90 114,385.50 114,385.50 

-Potatoes 10,800.00 10,800.00 21,600.00 21,600.00 32400.00 32,400.00 54,000.00 54,000.00 

-Other variable costs 16,388.10 16,3983.10 28,310.40 28,310.40 39,096.90 39,096.90 60,385.50 60,385.50 

Interest costs 1,035.58 248.78 1,583.23 399.98 2,624.63 649.93 3,733.67 955.07 

-Fixed cost 125%/year 983.50 196.70 1,479.06 295.81 2,468.38 493.68 3,473.25 694.65 

-Operating capita] 52.08 5208 104.17 104.17 156.25 156.2. 260.42 260.42 

Totrl (1.1 + 1.2+ 1.3) 29797.28 53,860.13 2676.8 78070.9 76096.2. 123676.37 120897.77 

Total annual cost/package 259 252 Z34 229 226 220 215 2.10 

Annual revenues 28,800.00 28,800.(1A 57,600.00 57,600.00 86.400.00 86,400.00 144,000.00 144,000.00 

(#of Packages produced) 11520.00 11520.00 23040.00) 23040.00 34560.00 Z4560.00 57600.00 57600.00 

Annual net revenues (.1) -997.28 -210.48 3739.87 4923.12 8329.07 10303.77 20323.63 23102.23 

Net rev-nues/package -0.09 -0.02 0.16 0.21 0.24 0.30 0.35 0.40 

Source: Scott 1988. 
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Appendix Table 4. Economic feasibility of different postharvest operations. 

Dried, sliced potatoes
Potato storagea Dried, sliced potaoesb with storagec 

66,000 110,000 600 6001,000 1,000 
kg/yr kg/yr kg/day kg/day kg/uay kg/day 

Annual costs
 
Fixed cost loan repaymentd 220 
 360 3,949 5,557 4,169 5,917 

Variable coste
 
- Potato 39,600 .5,000 
 44,400 74,000 39,600 66,000 
- Labor 1,045 9,4881,045 12,623 9,488 12,623 
- Others 38,298 61,182 38,298 61,182 

Interest cost"
 
- Fixed cost at 12.5%/year 138 225 2,468 3,473 2,606 
 3,698 
- Variable cost 1,531 2,526 3,473 5,568 3,292 5,267 

Total annual cost 42,534 70,156 102,076 162,403 97,452 154,687 

Revenues
 
- Potato 74,2509 123,750 -. -. 

- Dried chips -- 118 ,3 4 9 h 19 7 ,2 4 8 h 118 ,3 4 9 h 197,248 h 

Net revenues
 
- Potato 31,716 53,594 .-- 
- Dried chips -- -- 16,273 34,845 20,897 42,561 

Source: Scott 1988. 
aAssumptions: Only storage poia:o. First of five years, 110 working days. Purchase price of fresh potato: Rs 60/100 
kg. Sale price of potato: Rs 125/100 kg. Annual increase for potato cost and selling price is 10%. Annual increase 
for other variable costs: 7.5%. Annual interest rate: 12.5%. 

bAssumptions: Only producing dried, sliced potato. First of five years, 110 working days. Purchase price of fresh 
potato: Rs 60/100 kg for 70 out of 110 days, the remaining time increased at Rs 80/100 kg. Sale price of package of 
dried slices: Rs 2.5 for 70 out of 110 days, Rs 3.33 for the remaining 40 out of 1LO days.

CAssumptions: Including storage fresh potato. First of five years, : 10 working days. Purchase price of fresh potato:
Rs 60/100 kg. Sale price of package of dried slices: Its 2.5 for 70 out of 110 days, Rs 3.33 for the remaining 40 out 
of 110 days. 

dPrincipal only. 
eSee Appendix Table 2. 

fInterest formul2: Fixed cost: Total fixed cost x interest rate. 
Variable cost: Total variable cost x interest rate x 110 working days/365 days.

gRevenue calculated as follows: 66,000 kg of potatoes stored less 6,600 i.e. 10% lost to shrinkage; or, 110,000 kg of 
potatoes stored less 11,000 lost to shrinkage. 

hRevenue calculated as follows: 
600 kg/day 1,000 kgdv
 

Chip (packages of 250 g) 42,240 70,400
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Potatoes, Mixes and Soups:

A Case Study of Potato Processing in Peru
 

GregoryJ. Scott, Dav'id Wong, Afaria Al'arez,and Alherto T'Ipac Ytianqti 1 

Abstract 

Simple potato processing is an age-old Peruvian tradilion. Present day techniques beargreat rcscmblance 
to those utilized many hundreds of years ago. Recent interest in improving potato processing was spurred
by prod oction and marketing developments, particularly those concerning prod oct developmcnt or Iass
consumption in urban markets. EffI to improve traditional processing covered both products andorts 
processes. Initial work on potato d rying pro,'esses gave wa, to cxpcriences using potato prod ucts in mixes 
with other Andean products, build ing ol'pilot plilt aIld the introduct ion oltappropriate, simIple machines.
Traaslcr of the technology through a rural dCvCOlopmCt project resullcd in a series of modifications
intended to dcclop adcluarc processed [mFdutLs. lter plait size and design, and improve final product
processing. Although the project was not rchliicated inits entirctv for financial, lechlnical aid organiza
tional reasons, new ideas and lsCful knowlcdge were dissemilatcd. 

Key words: postharvcst technology; equipmcl; pilot plant; marketing; rural development organi,ition; Peru. 

Introduction 

Polatoes have been processed in Peru and Bolivia lor 
hundreds of years. This activity permits potato COn-
sumplion long after harvest aid facilitales ticir traits-
port and exchange for oilier products. During the last 
two decades, interest in improving traditional process-
ing tcchniquc, has grown, particularly in years ofabtn-
dant supply. While potato rcmains a Iradilional part of 
the rural dict in many Andean countries, the vast rila-
jorily of consumers have moved to the cities. Conse-
qucntly, supplying urban areas with food has becomC 
atn increasingly important concern; and, clTorts to re-
duce transportation costs, as a compxnent of markering 
costs, a major priority. Furthierniore, olod consumption 
habits have changed, wilh processed products taking on 

added importance because their preparation requires 

less time and energy, their slid life is longer because 
they are less perishable, and their utilization promoted 
through mass media advertising. Such activity is also 
secn as away to give rural families an additional source 
oleniploycnietand income by expanding thc market for 
increased potato production. 

This paper analyzes attempts of several institutions 
at improving simple potato processing over the last 15 
years in Peru. First, traditional polato products and 
processing techiniques are briefly described. Second, 
efforts to improve these techniques are cvalualcd. The 
third section deals with the development of new pro
ducts through mixing of potatoes with othcr staples. The 
closing section surniarizes the lesson. learned for those 
interested in developing similar projects in the fulure. 

ILeader, Postharvest Nanagement, Marketine l'roerim. Internalional h'orato (center (c1I'0,P.O. Box 5969, L.ima, Peru; Professor ofBusines, Administration, lniversidad del Pacifico, 1'.0. Box ,1683,Lima, Peru; Economist, Centro de Invesli Lmci6n. )ocunienlaci6n,Fiducaci6n, Asesoramienro y Servicios (IDEAS), t'.O. Box I1-1170, Lima, Peru; Ad hoc Consutnt, ('111.The opinions expressed inthis study do not nccessarily reflect Ihose of their respclive instilutions. 
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The Potato in Peru 

Production 

Potatocs cover 19% of the total cultivated area inl Peru. 
Onlycorncovcrsalargcrarea(15%). Duringthc 1970s, 
average annual cultivated area was approxinmely 
268,000 ha. In the 1980s, harvested area fell to an 
average 196,000 ha per year. Average annual produc-
tion was 1,735X)0 t in the 1970s. It f 1lto 1,019,)00 t 
in the 1980s. Average 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. [ low-
cer, 95% of' the Potatoes are grown in the highlands 
(sierra). Only 4.517c are grown on the coast, ind 0.5; ID 
tile Amazon jungle region (Scott 1980). In the high-
lands, potatoes are grown on 20;' of the total plaltel 
area, compared to 171. for corn. In the central high-
lands, in particular in the Department ol tuiin, cast of 
Lima, the capital city (Map I) potaloes cover 4815 of' 
tie total harvested arca. 

Potatoes are grown by small, mcdium, 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 combiaintiin with 
olher crops and mainly for homc consunption. Mcdi-
um-sizc farmers plant up to 3 ha of potatoes, generally 
in conlbination with other produce bt ire market-

oriented. Lrgc growersare profit-oriented and specild-

ized in seed and ware potato production. They planit up 

to 100 Ia. Approximately 901.%( of all potato growers in 
Peru are small farmers, W95,are mcdiuI-si/c fartncis,

alIl1msr tocrllavailabland only 19;. are large growers according 
estimates (Ibid.). 

Due to the agroecological diversity of the country 
p(tatoes 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 tI varying soil and 
climatic conditions of tile producing areas, only p11-
tat(es from a particular area will reach Lima markets at 
any given time (If year (Gornez and Wong 1989). For 
example, during the first half of the year potatoels are 
harvested in Junin, in tie central highlands, while the 
harvest in Moquegua, in the south, lakes place in the last 
quarter. This ensuresa constant supply of fresh potatoes 
t(o the Lina market. 

Marketing 

Commercial potato production hIs 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 
foslcred the development of regional and interregional 
commerce. This led in turn to an increascd intcrcst in 
new potato uses, product.;, and markets. 

The search for new markets is also due to the 
peculiarities of potato markeling in Peru itself. Given 
the long distances from producing areas in tie highlands 
to conSumption centers on the coast, tmIxsrtatlion costs 
long have been an important component of marketing 
margins. The relative importance of these costs has 
mushroomed in recent years with the sharp rise ill fucl 
prices. Thus, processing that could shrink the large 
(S(t' i ) water content of the potato would reduce tile 
depressing cfTcct oftIransportation costs on Iarl-gate 
prices. Processing technologies could also licp farmers 
nianage the release of surpluses onto the market in 
response to favorable price movements. By using lech
nologies to prescrve poltoes when prices arc lox, farm
c old sell polatI products at a later time when pricesare hi s.. 

Demographic and income changes have also spur
red interest in processed p)ltto products. Traditionally 
processed potatoes are an iiportant component of the 
laimily diet in the highlands. However, these products 
typically are consumed oti the coast oilly oi special 
occasions (\Vcrgc 1979). There fore, though there are no 
detailed statistics in this respect, regio.al variation in 

consutsmption pattet ,s reflect the fact that tralitional 

polto producls vary gretit \ n qtllity id presentation 

(color, aplparance, and porily) iLs w",ell as price. The 

abseije olstitalel technologies tolrednc watercontent 
hasic nst~ier prices for progenerally eait Iighcr cos rie rr
 
cesscd potalo products in urban markels ol tile colast.
 
Conseqtuently, a potential market lor inexpensive, good
 
quality, Xltat(I pro)ducts was identified contilgent upon

the improvement (Ifpr(Icssiig tclhn(ilogies to prodice
 

a better and cheaper product. 

Traditional Processing 

Although potatoes have been processed in Peru for 
several hitndred years, little has been written about the 
products and pr(ocesscs involved. Yatnamoto (1988) 
argues that many contciporairy scientists see these 
products as part of a traditional activity with little rele
vance to modern Ii fe. 
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Map 1. Peru: Location of potato production. 
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Ncvcrthclcss, Wcrgc (1979) identified two main 
reasons for the continued prevalence of traditional po-
tato processing. One is to obtain a product from potatoes 
that cannot be consumed fresh. For example, bitter 
potatoes used to make chuhio 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 concem 
in areas where tile potato is an important component of 
the diet, but where scasonality prevents uninterrupted 
consumption of frcshtubers. Undcrsuch circumstances, 
parl of the po:ato harvest has to be processcd 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 natural 
(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 harvcst season when local job opportunities aie 
scarce. 

The extent of usc ofsuch technoiogies was revealed 
by a survey among a sample of 1,2(X) farmers in the 

Mantaro valley, an important potato producing area in 
thecentral highlands (Franco etal. 1979). Results of that 
survey showed that 33% of those interviewed were 
chuiio producers, 11% produced dried potatocs and 2% 
produced starch. 

The polato products oltained with traditional tech
nologics listed by Yamamoto (loc. cit.) include: lojota, 
kachu-chufio, tunta, moraya, mosqo-chunzo, toqosh, 
chuflo, dried potatoes (papa seca), and potato starch 
(ahnidln depapa). lowcvei, the first six products are 
merely different torms of palm seca. Thus, only three 
major types of traditional processed products are made 
from [x)tatoes: chito,papa seca, and starch (Fig. 1). 

A comparison based on the accounts found in 16th 
and 17th century chroniclcsand observations of present
day processing techniques reveals few, if any. change.s. 
Processing of potatoes in the Peruvian highlands takes 
place in June and July during the night-frost season. 
Lojota and kachtu-chufio are obtained by selection of 
bitter potatoes which are then frozen in the open air, 
thawed, ground, and cooked (Fable 1). lowev:r, larger 
tubers must be used to obtain chuno. The potatoc.s also 
must be sun-dried, making the processing generally 
longer. (.Iio is used in soups and porridges (mazamor
ra), and annual per capita consumption is estiz .ated at 
5-6 kg. Consumption is greatest in the rural south of 

Figure 1. Potato processing in the highlands of Perj and Bolivia. 
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Table 1. Processed potato products in Peru and Bolivia. 

Product Type of potato 

Lojota Mainly bitter 
Kaclut-clutfio Small 
Chu/fo Small and medium 
Tunta Mainly bitter 
Auraya )amaged potatoes 
Mosqo-chufo All 
7oqosh Mainly bitter 
Chufio Not bitter 
Dried potato Not bitter 
Starch Not bitter 

Source: Yamamoto 1988. 

Peru (Scott 1986). Tunta, Inoraya, and mosqo-ciuoarc 
obtained by immersion of tubers in running water. The 
processing of toqosh does not require drying. 

The processing ofpapa seca requires boiling oflh 

chosen tubers, peeling and slicing, sun-drying and grind
ing into small pieces (Werge 1979). According to Bcna-
vides and Horton (1979), statistics for the 1970s reveal 
that production ofpapa seca wits mainly in the depart-
ments of L Libcrtad (59%), Junin (21'%), Lima (11%), 
and lea (3%). Also, papas'ca typically is used only for 
the preparation of a dish served on special occasions 
(e.g., carapulcra).Thus, increased consumption of papa 
seca results from simple population growth rather than 
higher per capita consumption. 

Potato starch is obtained by nashing 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 is used as a thickener, and to make desserts 
and cakes. 

Development of 
Improved Technology 

First Attempts 

Given the growing interest in the commercial potential 
of traditional potato 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 
1-2 days 
2 weeks 
I month 
1month 

No 
No 
Yes 
Yes 
Yes 

3 months 
2 weeks- I year 
1 month 

Yes 
Yes/No 
Yes 

2-3 days 
1-3 days 

Yes 
Yes 

and ensure a larger conmmercial supply for the one 
traditional processed potato product thought to have an 
untapped market potcntial. This concern led to the de

veiopment of the black box technology. 

The Black Box 

This technology consists ofta simple, black woxlen box 
wi!h 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 properlies of the potato. A 
number of experiments were carried out in Concepeion 
(3,200 m) in the Mantaro valley in June and July, 1977 
to compare black box performance vis o vis traditional 
drying methods. Participant farmcrssupplicd the tubers. 

The black box wa tsted against drying methods 
such a drying on jute cloth, other thin fabrics, and 
layers ofstraw. One-kilo lots of potatocs were placed in 
the black box and on the other drying surfaces. The 
samples were weighed daily to asscss loss of water 
content until total dryness was achieved. Faumers helped 

to determinc any noticeable differences between results 
obtained with the black box versus other drying methods. 

Initial water loss was significant with all techniques 
used. However, no method showed clear superiority in 
drying speed. Furthermore, Iarniers did not perceive 
differences inquality amongst techniques. One negative 
aspect of the black box was the lack of adequate ven
tilation. I-lumidity was trapped by the plastic lid. 
Removal of the cover did not result in substantial im
provcments is 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 chwio 
and papa seca was seen ishighly labor-intensivc, the 
degree of difficulty varied at differnl stages of the 
process. For example, in the case of papa seca, the 
peeling of potatoe-s after cooking was seen as the most 
labor-intensive stage of processing. The participint farm
ers did not consider the 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-
yauyo in the Mantaro valley showed intercs in reaching 
an agreement with the National University of Agricul-
ture to develop large-scale production of papa seca. 
This lead to the purchase of heavy equipment and the 
building of appropriate infnstructurc. However, these 
facilities were never utilized as planned due to the high 
market price of x)talcs and the small consumer market, 
At the same time, factory management and coordination 
of technical assistance required too much dedication on 
the 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 potato supply and 
price fluctuatiorls. This innovation would allow the 
plant to operate with a continuous supply of low-cost 
raw material. It would also ensurc a sustainable flow of 
finished product for interestcd 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 isan outgrowth of the above-
mentioned experience. LUw income consumers were 
chosen as the target beneficiaries of these efforts for two 
reasons. cll's mandate as a non-profit international 
organization calls for the center to assist less well off 
groups. Furthermore, these consumcrs are the largest 
segment of the local market. Gaining access to this 
market segment, it was reasoned, would allow larger- 
scale operation and, thereby, reduce unit production 
costs. 

Plans were made to: (1) experiment with several 
crop mixes; (2) build itpilot plant; (3) test consumer 
preferences; (4) conduct marketing studiesn; and, (5) 
carry out a briefstudy of the economic feasibility ofthis 
type of processing. 

Experimenting with Different Crops 

Small farrmers and potential rural processors in the 
highlands of Peru grow a variety of crops including 
quinua, lupine, broad beans, oats, and barley, among 
others. These crops were evaluated for their compati
bility with potatocs, and tile resulting mixes were tested 
for their organoleptic acceptability by consumers. The 
highest ranking prototypes were then evaluated for their 
nutritional characteristics. 

The M6 mi.- was rated ais the most acceptable. It 
consists of 30% fresh potato combined with rice, oats, 
barley, and corn flours. It can be reconstituted by adding 
approximately one liter of water fbr every 80 g of dry 
raix.The product then has to be boiled for 25 min until 
thickening to be used as a breakfat 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 lN) g of mix. The probable protein efficiency 
measurc using the Food and Agricultural Organization 
of the United Nations (F:AO)/World Health Organization 
(Wl o)nethod 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 CIl's high 
altitude experiment station outside the city of Huan
cayo. Construction work concluded in July 1984. The 
facilitics include adrying areawith acapacity to process 
It of M6 per week. The processing plant itself includes 
four main components: (I) a reception and storage area 
for N)(ltoes 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 m long 
and 9.78 m wide. The walls are made with local ma
terials, i.e., eucalyptus boards and trunks. Two drainage 
ditches on the cement flxr allow casy cleaning of the 
facilities. The aluminium sheet metal roof has a few 
fiberglass-covcrcd openings forlightingabove the work 
areas. 
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Figure 2. Processing plant and work flow chart. 
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Drying chamber. The solar energy collector in the 
drying chamber is made of eucalyptus boards and mud 
bricks (adobe). The ceiling and the north wall are cov
ered with no. 14 plastic (P)Vc) conduit pipe. The floor is 
polished cement, and the walls and floor arc painted 
black for greater solar heat absorption. The remaining 
walls have six windows 0.5 m above the floor for 
improved ventilation and an air extractor helps remove 
saturated air. In the drying chamber, two metal racks It 
each end of the drier are used to place trays with the 
homogenized, humid mix ready for drying. 

Equipment 

The location of the processing equipment in the plant is 
depicted in Figure 2. The equipment includes the fol
lowing. 

Peeler. The mechanical peeler is a galvanized metal 
drum with a rotating bottom. The abrasive surfaces 
inside the drum help remove the peel. The peeler's 
approximate capacity is 300 kg of peeled potatoes per 
hour and it is powered by a 1.8 hp, 220 volt electric 
motor with a 1.32 kw/hour energy consumption. 

Inspection table. Inspection and rectification ofpeeled 
potatoes is carried out on this 2 x Im table. Two workers 
oneachsideofthe tableperform potato inspection while 
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,-R - OM PROCESSED 

EXIT 

K> 
Press 13. Cart conveyor
Water source 14. Dry box closet 
Mixer 15. Drying shelves 
Masher 16. Fiberglass deposit
Strainer 17. Sacks with finished 
1lammer mill product 

0.10 m sidewalls prevent potatocs from falling off the 
table. A formica sheet tabletop allows easy cleaning. 

Cooking pots. Cooking is made in 40-liter aluminium 
drums with two sidc-handles for Casy manipulation. 

Stove. The steel angle bar stove is 0.5 x 0.5 m"and 0.6 
m high, and is provided with two kerosene burners, a 
kerosene tank, and a pump. Fuel consumption is 800 
cm 3 per hour. 

Potato grinder. The grinder isa drum with a helix axle, 
a rotating knife, and a pcrforated disc. An external hand 
crank allows to operate the grinder manually. The dischas 3 mm holes. Output is about 75 kg o)f potatoes perhour. 

Mixer. The :,a:,inlcss steel mixer has a double mixing 

helix along the rectangular body. At the bottom a dis
penser allows to empty the container. The mixer r,;ts 
on four steel legs and is driven by a 2.4 lip, 220 volt 
electric motor. Capacity is50-100 kg at a time, and ideal 
mixing time is half a min. 
Masher. The work surface of the potato masher is nade 
of a circular cutting dish to which the product is sent 
through a funnel. The material is malshed by the rotation 
of the dish and sent to the bottom. Capacity is 200 
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kg/hourand the machine is driven by a 11 hpoil engine. hydrated mix which can fecd 396.ix-membcr families 
Oil consumption is 900 cc per hour. three times a day for a week. 

After harvest, the potatoes are stored at approximately 
Processing 120C. Processing takes place once tubers have been 

selected and bad tubers discarded. 

The production of mixes involves a simple process (Fig. 
3). The potatoes are boiled and mashed. Cereal and Washing anl peeling. Dir and other foreign matter 
legume flours are then added to the humid potato mash. must be washcd away from tubers. Peeling is made witha peeling machine with a 0.5 ni 3/hr water jet. The 

The humidity of the potato mash is transferred to undulating bottom turnsand pushes the potatoes against 
the mix thus making drying easier. Drying can be by the abrasivc walls, and makes the potatoes rub against 
solar radiation or artificial means though at a higher each other. The resulting softening o"the skin makes 
cost. The approximate quantities o. raw the dirt and the skin faill to the bottommaterial and off the tubers 
processed raw material appear in Table 2. where they are then removed by the water jet. Tubers 

not properly peeled are rectified by hand. Maximum 
The processing plant designed for this project had peeling capacity of the machine is 30t) kg/hr and energy 

a I to 2.5 t operating capacity. One ton of the processed consumption is 1.324 kw/hr. Chemical peeling with 
product yields 50,0(X), 20 g or 250 ml rations of' re- sodium hydroxide (caustic soda) may also be used. 

Figure 3. Flow diagram for production of M6, 1-2.5 t per week. 

Mill 

Sift 
Wash --- ,.Peel - >.Wash S 

Cook - . Grind - . Mix --- b Dry 

Wash/peel -

mechanically 

Source: Booth et al.1986. 

Table 2. Input requirements (kg) per 100 kg of M6. 

Raw material Potato Rice Broad beans Oats Barley Corn Salt 

Requirements 170 17 21 21 23 12.5 4 

Processed 
Raw material 
Requirements 

Potato 
mash 
120 

-
Rice 
16 

Broad beans 
16 

i.lours 

Oals 
16 

Harley 
16 

Corn 
12 

Salt 
4 

Source: CP. 

362 



Cooking. Washed and peeled tubers arc placed in 40 
kg-capacity pots. It is advisable to place the potatoes in 
15 liters of boiling waterat lhe most. Total cooking time 
depends on th,.; variety of .x)tatoes though usually a mix 
of varieties will require, on average, 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: (1)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 ing;redients are homogenized in the mixer. 

Shredding. After mixing the product is shredded into 
1-2 mm granules for easy drying. 

Drying. The fine mix is placed on wooden trays at a rate 
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 is0.4 m/sec. The plant 

Table 3. M6 consumer acceptability tests. 
Location 

Universidad Nacional de Ingenier a 

-Lima restaurant (1,800 people) 


Low-income restaurant 

Atu Vitarte (900 people) 


Low-income restaurant 

Lurigancho (350 people) 


Low-income restaurant 

130 people 


University of Cajamarca 

(800 people) 


Source: Centro de IDFAS. 

has a 500 kg drying capacity and an output of 250 kg of 
M6 mix every 48 hrs. 

Consumer Acceptability Tests 

.Aspart of the evaluation of the potential product, I,000 
consumers were askcd to taste the mix. After a demon
stration, they received a half kilo of the mix. The mix 
also was consumed for a whole year at a community 
restaurant (comzedor popular) in a low-income neigh
borhood in l lumncayo. Results of both tests showed 
good consumer acceptability (Booth et il. 1986). 

Other consumer acceptability tests were carried out 
at 12, low-inconc municipalitics (pueblosj'enes)in 
Lima; for two years at the low-income restaurant "Se~ior 
de los Milagros" also in the capital, and with 2,000 
school children in the central highlands foc two months. 
These consumers reported that the product's taste and 
tcxiore were highly acceptable (Table 3). Acceptance 
anmon.g sample homemakers was increased by the pro
duct's high nutritional content. 

Use of M6 Result 

beef stew (thickener) good 
carapulcra (side dish) good 
fish stew (thickener) bad 

chicken stew (thickener) good 
carapulcra (side dish) good 
noodle soup (thickener) good
vegetable soup (substitute) good 
cream soup (substitute) good 
milk drink (substitute) good
beef stew (thickener) good
beef soup (substitute) bad 

chicken stew good 
cream soup good 
drink 

cream soup (substitute) good 
porridge (substitute) good 

drink (c)mplcment) good 
fritters.(complcment) good 
porridge (substitute) good 
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Socioeconomic Feasibility 

Analysis of th economic fe-asibility of the mix ;ssumcd 
an invcstmcnt of US$ 15,000 to be financed by a loan 
at an annual interest rate of 12.5%. This investment 
cxcluded Ihc cost oftilc land. The proposed selling price 
for the MO wLs set at USS 1.00. Approximate produc-
tion costs wefr estimated at USS 0.60, depending on 
production levels. However, calculations done for tile 
feasibility s!idy were intuitive. 

An antlhropxlogical study of liod consunption habits 
in shanty towns around Lima airned at assessing the 

possibi lit1'ofnclutding MO in tile daily diet of low 
income :onsinlr%(Bcnavides and Rhoades 1987). Re-
suits of that study showed that processed products are 

relatively expensive, and underscorcd the skepticism 
prevalent among sone ('11, scientists as to tile real 
potential of M6 for this group of consumers. Otlier, 
argued these findings wertoo pessimistic. Meanwhile,9 gsweretoo csslow 
the process was relined and arrangements made for 
commercial testing by trans fer of the Icchnology to a 
local, non-governmental organi/ition, tile C ,niro (l 
In'estigaci 6in, Docunmenlacin, Ethcaci6n, Assorta-

Ininto )ySe)'rricios(II)IAS). 

Transfer of Technology 

Cento deI-As is a private research and development 

organization devoted to the improvement of liviig stand-

ards among low income urban dwellers, and the:devel-

opnct o fagric tilt uml and handicraft production. Thesc 

efforts take into consideration tlie conservation of na-
iural resources, national food Security, and the use of 

integrated devclopment policies. 

Sincet its inception, Cniro ot,IDEAS has placed 
gre~at tnlephaisis on rural development by makin alter-

native policy proposals to increase productivity and 

production, dev:lop alternative agricultud tc holo-
gics, foster tile efficient tltili/,ation of natural resources, 
and support grassroots organi/ations. In its search for 
new challenges, Conilro dot' II..\S chose to promote liet 
development of agroindustry. This lcd to a growing 
interest in processing to increase agricultural value-
added and open new markets. The Agroindustry Pro-
gram therefore wts created in 1985 to develop solutions 
to rural problems. 

The Centro de IDEAS Project 

By 1985, the Agroindustry Program at Centro dolIeAs 
proposcda project to build fotursnall plants f'or process-

ing potatoes and Andean cereals. '[ie project's goal was 
to test the technical and economic feasibility of rural 
agroindustry. '[le project was funded by a U.S.-bascd, 
non-governmental organization, Appropriate Technol
ogy International (ATI). ('ll'scicntists helped Centro tie 

IIl-,sstaffiprepare project documentation and establish 
links with ATI. 

[e propisod project had four objectives:
 
9 Introduce small-scale technology suitable to ri,r'l
 

arcts that would be prolitable and could be replicated 
elsewhcrc; 

* 	 Process highly nutritious and chcap potato products 
for low-income consumers; 

& Increase small former incomei by creating a new 
market for excess potalo supplies; and, 

Establisha rural simnle p ig ogccter for 
income: pcopit:. 

low icne eilt 
This expcriciic went through live stages: assiniila

tiion; development: iiivcstnient; implemetntation; and, 
replication and inpact. 

Assimilation of CIP Technology 
The above-mnltioned Iiidustria de Dcrivados Alinietn

ticios dcl Agro (II)tFA(GiR()) project was implenented in 

tlie raiiiework of ('on M,do II)I"S principles, i.e, an 

toward low-income pcopie and possibilityorientation 
of repl it lion by other cterprises. 'he project included 

an 	enginceringalidy based oii (Itl s design, a basic 

(t11s initial process attl equ ipmcnt design was 

acceptcd, although it did not include technical specifica
tions for the processing of cereal and legumc flours. A 

SCCOnd dryillg chiilithr was added, and plant capacity 

was expinued to 9.i t from the onriinal 4 t. 
tl)tlA(ilA ) prolxscd a simple organization in which 

CentrodIlDliswould be Ihe owner and set tile general 
policies, whileII)t A(;lR) would be the project operator 
with a capacity to niake autononos decisions (in sales, 
supplies, prodtLitioii, and other matters. Project staff 
included an industriail cngineer or a food technician, an 
adminisirator, a plant manager, a secretary-sales assis
tant, and eight factory workers. Soles personnel were 

not included. 'h 'i prjo.lcct did not take into consideration 

accounting and nmin;grigalkLspects of the operation. It 
overlooked legal requireicints as well (e.g., building 

and rnunicipal aut hori/at ions, sanitary and qtiality con
trol regulalions, and registration of tradenmarks). 
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One pilot plant was to be built in Huancayo and 
three others in Puno, Cajamarca and Piura. lIlvestilent 
for the first plant was estimated at USS 33,833. This 
included USS 8,750 for equipment, USS 7,000 for laiid, 
and US$ 18,083 for construction. Working capital w'L5 
estimated at USS 10,000. 'he investment was higher 
than originally planned by (1I' because it included the 
cost of hind, buildings, a hammer mill iand a large-
calpacity potato press. 

The most optimistic cost and return estimates as-
simed growing sales, constant positive margiis ol'around 
USS 0.22 (at a product price of USS 0.86 and variable 
costs of USS 0.64), and no price distortions. Morc 
realistic estinmate.s showedlnegative net income. C'lnhro 
e IDIAS considered that given the experimental and 

training nature of the project, optimism should previl. 

The marketing study complemented work already 

done by social scientists at ('tit, though with slighlly 
different results. Consunicracceptability tests were car-
ried out at student cafeteriais at the Un iversidad Na-
cional de Ingcnierfa in Lima (tJNt-Lilla) and the 
University of CaJiaarca, as wll s at low-in coll 
restaurants in the Lima districts of Ate, Vitaric, adil 
Luriganchio. Although responises w\ere genierall lv ivor-
able, negative comments pointed to a smell of oi!, or 
disagreeabIcsmcll in the food; rancid or hitter laste; aid 
poor yield and bad thickcninig qlualities of tlhe product, 
IIIAGR() issued recomniendations to improve the pro-
duct in all three respects. 

The marketing strategy proposcd by C( )I-. 
eniplhasimed sales ill Iluntcao, in Ic Miinlartro valley, 
and to state instiluionls such as schools and rcstaurallls 
for low-income consumers through public sector coil-
tracts. The reasons for this stitil. wcrc two-Itold. Thes 
sectors contitute the largcst share of a polctiial cOil-
sUltmer miarket. This seglietnt (II" pUOil 1ti0. \\',Is in lost 
urgent need of 10od assistince, 

Development of New ProdIcts 

Project strategy chaiigcd radically alter six iiontlis. 
Sonic undcrlying asm,;ptilpiois associatcd with NIh pro-
duct came under criticism. Initially, the product did not 

sutii consumer lastes. IlitrodtCi g tIhe product t tle 
market would imply heavy promotional expenscs. 
Finally, the product could not compete ill price with 
other processed products (i.e., those made with ir-
ported wheat). For these reisons, aniiollg Mtlieis, new 
time-saving, qiality products were to be developed, 
Marketing efforts shifted fromi the countryside to bg 

cities. Production at the plant wts to be increasled from 
9.6 to 16 t. 

The decision to increase production was based mainly 
on financial considcratians. The price of N46 could not 
be significantly increased as it was directed to low-in
come consumers. However, escalating costs reduced 
project prolitabilbity (net prolit/sales) from 28.2_/', to 
2.W1 4. I-lighcr prices could be chargcd lor the new 
products since they were aimed at higher-income con
sumcrs thereby alloving prolits to rise to previous 
levels (23.51 '). Maintaining the iitial strategy would 
have led to a lefilult on loalns. 

The M6 iix bcbalee MS. This product is ite of 
potato,rice, peas, barley, alld corn.The marketing strat
gy required that all ingredients be precooked. Oats 

were 11o used due to supply dil'icultics, and pew; re
placed biroad beans to eliminaie the slightly biletr after 

tate. Cooking time for the new mix was reduced fm 
25 to 15 min. 

Versatility wa:s still considered oiie of the product'.-s 
main features. Ilowever, what was initially pcrcci\cd as 
an dvttaiac, gradually becaele a problem because 

'n' roduct 
potentliail cn1SoiMIers di ntCeIClV identity thle Prdc1101 
with any specific use. This, in turn, created marketingl 	 dificulties as the prodtlldid not lit ceily into existing 
f0ood consumplion iicrrts. Changes introdue in the 
mix did iol contribute to ovClcolc this (lillicuilty. Ilow
ever, other product clunacteristics, such as eas (I plrePai 
ration and high protein content, were regardcd as highly 

Idesirable. 

Market survcys illdicitCd 111iat consnimCi objected 
to thc sizc of Ihc granulcs and thC unldcfinced ltstc of thC 
niix. Thus, rice Ilour was removed to climinatc rough
ness. A new mix Mi (Iicarina) resulted Irhmnew 
prolct testling iladc possible by the use ok'('tt's planlt. 
Mw4 is ileadc with precooked pioi; o, corn, l 'irlcy. and 
pea Hours. .\iolhcr prod uct (Chi(i a) was developed. 
I?consists o1" pOlallocs, Corl, milk, sugar, aiid cliol t 
( lil 4). New products (.plit, precookcd peas nilld 
broid bCans; pea aid broad bcaln IXM\\dcicd 500ups; peeled 
balCy anild \Whclal qlualily papa 0cc,; potat:lo powVdCrCd 
soup aiid potato semolina) were also developed and 
inilodu'cd in wCll-kn( wil lciolal markcts (I 1i1uaicaVo). 

The process o cxpelinlthiiioiinmld new product 
developmcnt was accoiilpnid by an evolution ill pro
ject goals. (iradully, the improvement oflliving slanl. 
ards aiog lhe poor, peasaiit productivity levels, aiid 
rural food secn rilv received Iowcr priority. InstlCad, tlie 
projcct increasinugly focuscd on prolitability and tihe 
iced for scll'-linaiicing to susaill opcraliolln. 
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Table 4. Transformationts of the M6 mix. 

Stage Name of Prouct Ingredients 

First M6 	 potato (.3%) 

barley (14%) 

corn (14%)
rice (14%) 

broad beans (14%) 
oats (14%) 

Second M4 (Ricarin) 	 pot~lto 

barley 

corn 
peas 

Third Chicolac x)tato (4%) 
corn (70%) 
milk (18) 
sugar (4%) 
chocolate 
powder (4%) 

Source: Cc'fltro IDEAS. 

IDEAGRO eventually implemented three product 

lines; potatoes, cereals and legumes, and complcmen-
tary production lines. Potato processing technologics
included peeling, cutting. cooking, drying, grinding, 

and straining. Techniques ior cereals included cleaning 
and selection, roasting, peeling, ventilation, grinding, 
and screening. Complementary production techniquLcs 
included mixing, dosage, scaling, and packaging. 

Potato processing required the use of pelcrs, .: 

cookers, solar drying chambers, fuel drying ch:li, rs, 

and mills. Cereal processing required stone removers, 
roasters, wheat peelers, fans, stone mills, Iammer mills, 

and screens for straining. Complementary processing 
used mixers, dosers, and seal packers. 

2
The new products and processes required a 540 m

area for facilities. Additional potato processing equip-

ment coisisted of a brick and cement solar drier to 
replace the rustic cIP design; a fuel 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 

Plani modifications to accommodate the expanded line 
the 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 mca

sures, an undervalued currency, and hyperinflation. As 
a consequence of these budgetary changes, working
capital fell ita percentage of thc total investment. This 

became a progressively mor" severe problem. 

Direct invcstments in the llI.EAGIRO project were 

estimated at USS 162,451 of which USS 97,116 were 
supplied by Al and the rest by a loan from the Banco 
Industrial del Peril (Peruvian Industrial Bank). This 
amount did not include personal services, such -s those 
provided free of charge by 111scientists and Centro de 

1D1,iS staff mcmbcrs 

All funds for Centiro ti' IDI"AS were loaned to 
II)FAGRO. Repayment of the loan would go towards a 
revolving fund to finance other enterprises wishing to 
replicate the experience. In fact, IDIFAGRO would pay a 
negative interest rate and thus make a financial profit. 

However, by June 1989, the revolving fund amounted 
to only USS 7,609 out of total funds of USS 97,116 
provided by Art. This partly reflected the economic 

crisis the country as a whole was experiencing. 

ID)FAGR() was started at a critical time. From 1986 
to 1989, Peru's Gross Domestic Product ((l,) fell at a 
9% annual rate. A 26'4 negative growth rte was re

gistcred in 1988 alone. The September 1988 economic 
crisis and government's adjustment measures coincided 
with the bcgin,-;ng of II)-A(R()'s financial difficulties. 
Although the ;a-ricultural sector grew at a 12% annual 

rate during tiose same four years, this was achieved 

through an alitficial increase of purchasing power 

financed by the depletion of the country's foreign cur
rency reserves. 

Price distortions due to inflation gcncratel varia
tions in product terms of trade, particularly after 1988 

when annual inflation skyrocketed to over 1,7(X)%. 

Prices for tubers, other vegetables, lcgumes and wheat

all inputs or substituts for ttWAGRO's products-were 
considerably affected. For example, the price index for 

the first nine months of 1988 rose fItter for wheat than 

for potatoes (I 18"'t to I (X)%). During 1989, the price 

index for potatoes shot up while wheat showed little 

change (13511, for potalcs and 101% for wheat). 

The real monthly interest rte charged 1,t inks was, 

approximately 2%as i result of rapidly ac.,.rating 
inflation. This red to a decreasc of the real worth of 
credit funds during those years. The agricultural sector 
was also subjected to massive imolxrts of staple-s (wheat 
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and rice), subsidized fertilb :r prices, a severe drought 
at the end of 1989, and agricultural support prices, 
Ironically, thsc-se support prices did not benefil II)-AGRO; 
rather, Ilicy contributed to unstable input prices, 

Marketing 
IDI:r R0's marketing strategy must be analyzed bear-
inLi. mind the meagerinfornlition viidll oi prices, 
i• ; min the m eager moailan ces,

c" ilsumer tasqtes and preferences, mrketing cha|nnels, 

advertising, and sales for the above-ment ioncd products. 

Pri-ices. Data are available only for p)aa sLca. Prices 
vriye dending onhe seilmbleoyf arkt e. (ievary depending on the segment of the malrket where te 
product is sold. The better ltlity-incltding more 

attractivepa ig,'s I sc resultedOlt A 
in higher prices, when compared to prices at Lima's 
municipal markets and small retail stores. In super-
markets, IDllAGRO'slpalaseca competed directly with 
expensive "Surcfia" and slightly chealper "Dieprosa" 
Inpapa seca. 

Consumer tastes and prelerence. Gomcz ind Wong 
(1987) examined tustes and prclcrLnces forchnito,i/m)a 
s'ca, a potato powder to make a crcamiy soups and 
semolina. Their study asked !99 high-, middle-, atnd 
low-income Limna consumers their opiion about l)IIl~a 
seca, chno, and imlpxr, .1 potato flakcs. Questions 
included product awareness, quantities purclascd, fre-
quency of and reasons fIr buying, preferences, and 
potential substitutes. All three types of consumers are 
aware ofpapwa sca. Those products are consumed by 
70'. of the high-incone c,)nsumers and 90% of the 
middle-and low-income consumers. I-However, high-in-
come consurners buy dried potatoes occasionally (once 
a month or less); middlc-income consumers buy them 
every 15 days, while low-income consumers may buy 
potatoes weekly. 

Stated relsonls for buying lpap)a seca products are 
thcir filling flavor, nutritious value, good iaste, and 
habit. Negative considerations include dirt Ind foreign 
matter found in the contents, bitterness and granule size 
(too large or too small). Potcntial substitutes for ia)a 
seca are beans, lentils, and split peas. IIEAGRO's pro-
ducts had not yet been introducCd at the time of the 
;urvcy, but Ihey are free of these ncpative characteristics. 

Survey data for imported Xpotatocs flakes can shed 
some light on consumer opinions about ptato powder 
to make creamy soups. Potato flakes were known to 
100%, 80%, and 70%of the high-, mid,,e-, and low-ir-
come consumer;, respectively. Howevcr, only 80%, 
50% and 30% of the corresxnding 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-incone households. Ease olpreparation, good taste, 
nutritional value and high yield were among the reasons 
mentioned for buying imported potato flakes. While 
IDlAiRO's pota.to powde" .;ecnls to have too strong a 
taste lbr Lima consumers, the imported produc't was 
considered too acidic. Ilonc-nade mashed Potatoes, 
rice, anl mashed sweelpotaloes were mentioned is sub
itesorpaoflk.
 

stilutcs for potato lakes.
 

Marketing channels. With the shift in market orientation 
towards high-income consumers, II)(AGRO's marketing channels bcecamc narrow\er. Initially each segment 
of the market was to be reached through a specific 
marketing channel. The municipal milk distribution 
program in Iltuancayo was to serve as an outlet for 
low-incone consumers. Small retail stores in I-Iuancay,) 
were to sell these products to middle-income groups. 
Supermarket chains were the marketing outlet chosen 
for high income, Limai consuners. By fle end of 1989, 

IDtAWi (('Smarketing efforts concencltrated jast on Lima's 
high-income consumers. In this regard, one supermarket 
sales imanager stated that Il)l-A(;l )'s products ranked 
better in terms of product quality, packaging, prcsenta
tion, and price than those oltheir compelitors. However, 
lie thought that these products were for low-income 
householders and consumers from the highlands, i.e., 
the types of buyers who v.w.re not among the super
market's target public. 

Adveitising. Papasedu, c/tfo, pidtato powder to make 
soups, and tsother prod (catcd split peas nd broad 
beans, pea and broad bean cream soup, and peeled 
barlcy and wheat) are marketed by IE)IAGI(O under ihe 
Abril brand name. Significant impact and consumer 

acceptance wcre achieved for the Abril brand through 
sales promotions in supermarkets. C/iicolacdemonstra
iijons were made Iol"oftici:-ls in charge of the luancayo 
milk program. At the Htuarncayo agricultural fair, 
tI)li A ito's products won first prize in the agroindus
trial category. 

Poorsalcs were considered to be the result ofinsuf
ficient knowledge anong homemakers of the ways to 
uscAbri products. This in turn led to the preparation of 
recipe leaflets fo: distribution in shops. 

Sales. Gomez and Wong (1987) estimated the potential 
size of the Lima market at 113 1ofllapa secti and 7 t of 
potato flakes per month. II)I-AFiRO'S average monthly 
sales from January 1988 to June 1989wcre 8.17t (Table 
5). 
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Table 5. IDEAGRO production and sales, 1988-
89. 

Production 
Year Month (t/mo) Sales 

1988 Jan 1.50 1.51 
Feb 4.50 4.51 
Mar 5.70 5.77 
April 4.30 2.06 

May 12.40 5.59 
June 18.70 15.18 
July 15.00 12.63 
Aug 21.20 22.86 

Sept 13.90 10.97 
Oct 5.70 8.47 
Nov 18.70 11.17 
Dec 18.30 1.20 

1989 Jan 13.86 
Feb 2.43 
Mar 6.68 

April 8.58 
May 7.45 
J lie 6.19 

Average 11.66 8.17 
Source: Seminario 1989. 

Data supplied by a high income, supermarket chain 
on sales and shopping frequency forpapaseca, potato 
powder and semolina in August 1990 may be used to 
estimate total sales. This supermarket chain buys 600 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 difficulties in the cen
tral highlau.. in 1989, IDEAGROadopted a lower profile 
which conwributed to a decline in sales and a loss of 
market share. Weekly I,)tato powderand semolina pur-
chases by the supermarket consequently fell to 50 half-
kilo bags for each product, i.e., 0.1 t/mo per nroduct. 

Average monthly production 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, Centro 
delDEASstaffprocrastinated.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 plant employed 
30 workers mostly under Government-sponsored, emer
gency employment work contracts (Progranmade Em
pleodLeEmnergencia).Two other workers were in charge 
of 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 date: is due partly to inflation-induced price 
distortions and the absence of adequate reporting during 
tile time of operation. II)FAGRO'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
lional sense. First, money was lost by giving cred' to 
customers, i.e., delays in canceling accounts payable 
meant IDIFAGRO had to assume the loss associated with 
rampant inflation. Next, salaries were paid even when 
the plant was not in operation. Finally, prices for 
IDFiAGRO's products were not increased at the same rate 
is 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 
rfrely exceco: 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. 

368 



Replication and Impact 

The processing facilities have not been replicated to 
date. Farmers, in particular, showed little interest in 
plant replication. According to IDEAGR() staff, this was 
foreseeable from the outsct since the project was ori-
ginally conceived as a pilot program, leaving ample 
room forexpcrimentation with different processes, pro-
ducts, and markets. However, replicalion was neither 
directed nor institutionally oriented. It was rather tile 

result of a "trickle-down effect." 

The experience was successful in the dissemination 
and partial leplication of equipment, processes, products 
and mrketing strategies hy processors, equipmentmanufacturers, and retailers. The scale o.opr,aions at 

the 	Centre tie )I.'Is facilily made it an interesting 
alternative for small entrepreneurs wilh the resources 
and 	 managerial skills to start a business and adopt 
innovations. rhus, al Icast five companies copied 
t)EAiRO's product presentation and marketing strat-

egies. Three of these companies now supply tIme samle 
supermarkets where IDtAiRO filst sold its procCssCd 
products. 

As an outgrowth of the project, wholesalers were 
forced to improve their quality control procedures and 
adopt sales strategies depending on prospects iii dif-
ferent segments of tie market. Potential plant, process, 
and product replication by farmers was made easier il 
that new products werealrcady being marketed. Equip-
ment nlanUfacturcrs who biilt machines for lt)lA(ilt() 
benefited from tile experience acquired through an-
facturing improved hammer mills. T'his type of i l)~ct 
stopped when the technology development process \',s 
interrupted. However, in early 1992 I)FA(it('s plant 
was again operating. This time w'ilm purchalsing orders 
from the local affiliate of' an i intenational relief or-
ganization to produce more processed product thaln 
current capacity pcmits. Requests fbr information about 
village-level processing also have sprung up again, 

Lessons Leared 


Tile experience with potato processing in Peru gene-
rated lessons in three broad areas: (I) technology; (2) 
marketing; and, (3) finance and management. 

Technology 

1. 	 Actual improvements of existing technologies re-
quire time not only for the transferoftle presumed 
improvements but also to develop new processes 

and products that will respond to changing market 
conditions. Some scienlists Lssumcd that the devel
opment of the M6 mix and tile construction of the 
plant would mean the technology was ready to use 
(Scminario 1989). Il)lAGRO's experience shows 
that a long road lay ahead. 

2 	 More technical work was required becausethe re
2. M 	 o etechn lo w i d o pssed idustri

ceivers of the technology did not possess industrial
 
production experience, nordid the translibrringagents
 
have much experience in this domain.
 

3. 	 The original design wLs for a small-scale plant. 
I lowcvcr, such scale of operations proved unprofit
able. Consequently, utmost care must be put in tile 
consideration of both economic and technical re

quirements brappropiateplant-size(Alvarez 19Y)). 
4. 	 Although tchnological 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., palm seca, chiuto. Later mixes (e.g., M6) were 
developed in which the potato was tile most impor
tail ingredient. In the last stage of the project, 
potatoes were only a minor ingredient in the pro
ccsscd products (Chicolac') being produced and 
markecd. These modifications became necessary 
as chngs in tileprice and availability of potatoes 
meant thatl potato mixes and potato powder for 
soups could not cot :c~e with other low-price, pro
cesscd products. Ilowever, a huge market exists for 
some processed potato products as evidenced tie 
growing demand in Peru for french fries and chips. 
The black box, M6, and I)IAGRO all started with 
prod uction of the product followed by efforts to sell 
it. All three experiences point to the strategic im

portance of thinking about the marketing aspect 
first. Product characteristics and the target market 
seigent as well issources of inputs and marketing 
chanls of processed products must be clearly 

identilied at the outset. 
6. 	 Market segmentation xscs an additional challenge. 

In tile case of IIIAGIO, three products aimed at 
three different groups of consumers were intro
duced, though emphasis was placed on the lower 
end ofthe income scale. This proved too ambitious. 
Projects probably need to concentrate at least ini
tiallyon one product forone segment of the market. 
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Priority needs to be given to tile product capable of 
generating enough profits to get the busincss going. 

IDEAGRO also attempted to influence tile supply7. 
side of the process. Procurement of raw material 
was done directly from producers, not from estab-
lishcd wholesalers. Experience later shcvcd that 
this u.ean' higher costs and unstable ,uppfies (Al-
varcz 1990). The plant was built in a farming area 
to be closer to producers. II)FAGRO staff later found 
that easy access to markets, marketing facilities 
(e.g.. the Huancayo wholesale market), and clian-
nets 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 I GRO xprince also show that consum-papa 
ers' perceived needs play an important role in pro-
duct development. For example, the M6 mix had 
versatility as one of its main attributcs. 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 IDEAGltO, but heavy 
investments in plant and equipment generated cash 
flow difficulties. More rcilistic cost and cash flow 
estimates would have helped anticipate, and there-
by overcome, this problem. 

11. 	 The cost of customer credit was high. More impor-
tantly, it was not taken into consideration when 
capital requirements for operating the plant were 
estimated. 

12. 	 It was not easy for a non-profit organization to 
compete with other well-established businesses. 
Although II)FAGRO eventually adapted to market 
competition, tile project would have benefited from 
a priori consideration of this fact by the clear scpa-
ration of reso;xrnsibilitics and staff between I)DFAGRO 
and Centro cde IDEAS. 
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The Three "R's"of Writing a Research Report:
 
Getting It Written, Getting It Right, Getting It Read
 

GregoryJ.Scol 1 

Abstract 

M any researchers often find it casicr to collect and analyze da a than to synthesize their findings in a 
research report. This paper providc. some practical suggestions on how to make the report wriling cxercise 
less tedious and Ihe final product more cffective. Examplcs are frequently cited based on the author's own 
cxpcrience or procedures of others isgleaned from the literature. Key elements emphasized in the paper 
are planning, and breaking larger lasks into more doable endeavors. A checklist ofquestions foreffective 
report writing is included in a supplement. 

Key words: writing, rescarch report, planning, procedures. 

Introduction 

Most agricultural rcscarch projects are judged on the 

basis of methods, findings, and recommendations pre-
scntcd in a written report. Few people have time to go 
to the field to review procedures, to re-analyzc dalta 
collected or to talk to re;carchcrs about results. Despite 
the importanccof prpciringa wcll-writtcn report fortlc 
success of applied agricultUral research, the literature 
has emphasized instead the theoretical or conceptual 
underpinnings oflsuch work or ways to inlprVc (e.g., 
speed-up) data collection and analysis. Relatively little 
has bccn said about how to go about writing the research 
report itself. The purpose of this paper is to provide 
sonic practical suggestions on how to do this more 
efficiently and more effectively. 'lie first part presents 
lips for preparing a first draft ofa rcscarch report. The 
next part proposes guidclincs on polishing that first draft 
into a truly rcadablc final version. The final part offers 
soeic advice on how to broaden the diffusion of the 
report's central findings. Though the term report is used 
throughout, it applies to all fhrms of reporting research 
rcsulls including articles, papers, and studies. Supple
ment I consists ofa checklist that summarizcs many of 
the points raised in the paper. 

Getting It Written:
 

Putting Together a Firt 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 ctsily. In the cac of 
agricultural research, one commonly thinLs of three 
phases: (I) rc,;carch design; (2) data collection and 
analysis; and, (3) writing thl' final report. The first two 
phases are the most interesting. Writing the linal report 
frequently proves much more tedious. One way to try 
and make this job less onerous is to break down the 
prcp,,raltion 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 ideals 
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. I loltzman (I 986) suggests another ap-

ILeader, IPostharvmst Management and Markcting Program, Intcrnational lotalio Center (('11'), 1.o. lI ox 5969, L.ima, Peru. 
2 1this problem is touched on alheil briefly, in Casley and I.ury (1981: 166-167, 174-182); Iloltzman ( t986:63-65); and, for policy menios, 

Monke and Pearson (1989:242-252). 
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proach. ieproposes thinking very carefully at the begin-
ning about a tentative table ofcontents (see bcl,-w) that 
includes a list of topics to be covered in the finia, report. 
More specific ideas then can be jotted down under the 
section headings forcasy 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 
miak s it easie, to sCaratc sectioas (e.g., literature review 
and analysis of secondary data) that cal be written as 
the study progresses rather than wait till the end to write 
up everything. The basic point is that a first 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 oftime, and under pres-
sure to cmplet the job. 

complete 

Budgeting the Time and Resources 
SucceSSful agricultural reerch r smany things, 

requires 
but perhaps none more important than the planning 
needed to coiplctca final report. Writing a good report 
is not easy, but writing such a report in one-tenth or 
one-twentieth of the time neccessary is impossible. I low 
much time is necessary? A rough estimate is nearly the 
annotnt of time needed to collect the data. Remember: 
writing inot only takes time but also mental and linancial 
resources. I "you exhaust yourself in tiledata collection, 
you simply won't have the powers of concentration 
needed to complete a report. Furthermore, preparing 
and publishing a report costs money. Many researchers 
are unable to complete their reports because they failed 
to consider at the outset the rcsources necessary to do so. 

Taking too much time to write a report can also be 
a problem. Some researchers want to prepare the dcfini-
tive stalemnit on the topic i.e., definitive in detail, in 
length, in coverage. In so doing, they themselves create 
an insurnountable obstacle to completion oftlheir report 
simply because there is never enough time for a perfect 
report. Remember an imperfect report can be made 

report and tie reason(s) why it is important, then what 
follows becomes simply an attempt to answer the qucs
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. Sonie rcports pose, then an.swcrextrcmely 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 tcclniques for 
writing the opening pargrphs ola report. Three ofthe
 
wint oning pateaph of a e Theo 
most common include a statement of: (1) a key question
to be addressed; (2) the purpose or objective of the 
study; or (3) the principal theme or subject matter to be 
discussed. Thcc techniques are not mutually exclusive. 
For example, the author may state a question, "Under 
such circumstances, the following key question fre
quently arises: if growers produce more potalocs, where 
will they be marketed?" IIcthen 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, ind(2) to present an ex
ample for similar studies in other Southeast Asian coun
tries." A6ditional examples may be found in the Preface 
or Introduction of mnost research reports. Other studies 
lhcrclorc may provide some useful ideas on how to 
begin your own report. 

Building Blocks 

for a Research Report 
Once the topic has been dJefiiied and its importance 

indicated, the report should contain treatments of a 
scries of related subjects. These include: (1)the nellh
odology used; (2) the results and what they mean; (3) 
the conclusion, followed by a discussion of the implica
tions for policy and for future research; and, (4) and a 
list of rccrence s. Although these are essential coin
ponents of almost any research report, how they are 

better with revisions, editing; hence, a report always has,; structured can vary according to each author's own 
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 is to specify the key research qustlion (or 
hypothesis) the report is intended to address. If that 
question can be clearly identified at the beginning of the 

judgement. Idea,; on how to organize a report can be 
found by looking through the table of contents of dif

ferent reports. The important poii here is that any 

report should include these essential components. 

Once these building blocks are in place, Ic first 
draft is well on its way to completion. Nevertheless, it's 
easy to become overwhelmed by the prospect of writing 
a report, especially ifyou 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 
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collection and analysis as alluded to earlier. Ifthe writ-
ing does not flow freely-or to make it easier, it may be 
useful to prepare a fairly detailed outline with chapter 
and sub-sections. Topics to bc discussed under each 
sub-section can then be briefly written undereach head-
ing in a few words or a phrase or two. Utilizing this 
outline, one can then spend timc each day wriling one 
or two subsections ofa chapter. Getlinga littlc done over 
several days gradually builds self-confidence and a 
sense of monentum. As the sub-sections and then chap-
ters arc written up, the report itselfbecomes easier to work 
on because one can see the final product materializing. 

Balance and Focus 

InI draftEg 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 
toremcmbcrlhal the bulkoflhcsludyshould bcdcvoted 
to the presentation and discussion of the research find-
ings. As such it should represent well over 5(' of the 
body of the report. Another 1I- I51' should go to the 
Introduction and Conclusions; the remainder should 
cover ihe methodology used, the review of the literature, 
etc. 

Report writing (and reading) can get bogged down 

ifa disproportional,' share of'space isdevoted to defin-
ing the topic or explaining the methodolo gy. If there ismore tosay about methods for example, the most imra 
morts ain t nehaps bexaimpriedithe ost-
body of the report and thle rest F.",',sented in an appendix.

bodyof he eporandtheresl-r;cI~cdilial apenix.
Put somewhat differently, afirst draft should get quickly 
through the preliminary sections or chap.. rs to cim
phasize tie discussion of results. Furthermore, matly 
reports present page after page of data but then only tlie 
briefest Conclusions (if any at all). Or many an author, 
apparently in a rush to finish the report, will overlook 
the rccommcndations or simply list them wilhonl any 
explanation. The contents of this section of Ilie report 
may seem redundant or obvious to the aillior-rteoercher, 
but they clearly need extra attention if they are to be 
easily understood by others. Other Studies can provide 
additional ideas on the proper proportiins to give a 
report. 

Focusing on only televant research results can also 
help speed-up the report writing process. Many people 
confuse writing up their research results with writing 
down eve-y research result. Remember: keep the report 
Focused on the question to be answered; if need be, 
some-even a lot-of tlie data collected may have to be 
left out. By focusing on the pClilinei material, tie 
preparation ofa first draft can be made that much easier. 

Working Around Writer's Block 

Some researchers can prepare a detailed outline, stal 
out writing a draft reporn, but then find that their mind 
goes blank. They complain that they can't seem to write 
anything on the next topic. They try doing something 
else for a few days, but often this results in their falling 
compltely out of the writing frame of mind. An) alter
native approach is to go beyond the topic that one has 
nothing to say ol 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 moic 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 lie basic topicsto bc covered in such 
a document, and complcc the initial version of your 
final report by not overextending the coverage and 
working around momentary lapses in concentration. 
The next prt1 suggests ways to transforn the rough draft 
into a polished final report. 

Getthig it Righit:g g 
Preparing the Final Version 
Once tie draft of a research report has been completed,
tie aut horshifts his attention to sharpening the analysis
and improving te style. The following ideas re intended as suggestions to help facilitate this process. 

Seeking and Using Comments 

Some researchers assume that they are solely rcspol
siblc for the contents of their reports, only to be corn
plecly dismayed when key readers cannot follow certain 
passages in tlic text or when an important Policy maker 
points out that a crilical issue has been overlooked. Even 
tlie most renowned scientists solicit comments. The 
point is to not take such criticisms personally (some
tithes a lot eatsier said than done) and to look for the 
useful conicnts 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
spond positively to a report's reconn,clations if hc is 
given the opportunity to provide some inpul into the 
conclusions and policy proposals. Nobody likes to be 
presented wilh a fait accontl)i. On the contrary, maty 
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policy makers and administrators may be flattered dtl 
someone actually asks them for their opinion. More
over, if you ask soleonC for coniiits and they fail Io 
respond, Ihen they can't complain about tile contents of 
the final report. 

Researchers, canalso make the opposite misake by 

circuI.ltinlg a hatcontinssocontains many errors anldIdraft that drft socirclatng any erorsand 
om issio ts that, in effect, they expect tie co m mentators 
to help themn write the rexort. One conscquience o 

passing around a poor quality draft is Ihal tile serious
rad r can readily correct so marly baisic m isak s in 
rercan redl'crets as ai itksi 
spelling, syntax and datla presentation that he or she 
never has to grapple with substantive issues. If one 
hopes to receive quality comments from reviewers, then 
provide them with as good a draft as possible. 

Stating the Obvious First 

When one writes a research report, one tends to cnm-
pisize less what is certain and more what renmains to 
be stidied. Rcmember: a research report is for people 
who know less about the topic tha tihe author. One 
therefore may need to cxplain certain basic facts that 
may seem obvious to tie researcher, but that are much 
less evident to the reader. For example, if tihe report 
discusses farm production problems, then a brief dis-
cussion of the various types of crops grown, their rcla-
tive importance ii terms (ttotal production would helP 
orient the reader. Al lernatively, if il analyzes consump
tio pallerns for agiven commodity, some information 
on the composition of tie overall diet would also be!wqfflt.li 

Some studies dedicate considerable space to explain-
ing illld qualifying spCciic inlormtion about particular 
producers, consumers, or traders without nient ioning any 
of lhcir common trails or predicanments. For example, it 
may be interesting that different types of producers paid 
different prices for labor, fertilizer, and pcst icidCs; but, 
this fact should not obscure general results like tile 
nun1b1r of producers interviewed, or, that no produccrs 
used mechanical equipment inI their crop produnction. 
Thercfore, aftcr completiing the presentiation ofthis lypc 
of dala, re-read the results and ask yourself: have I 
included tile most obvious relevant information? 

Presenting Both Sides of the Issue 

A research report is always much more convincing if it 
acknowledges different points of view, explains their 
respective strengths and weaknsses, and offers evi
dence to support one position rather than another. Most 
seriots readers tend to be sceptical. If you expect to 
convince them, von have to indicate that you are aware 

of t l fi nlsNf Ve w , i yoad t a d 
of other points of view, that you understand them and 
canl account for theinillou1rot inter-pretationnlypresen of thle evit e th rc nc cont r r eth
d enice. Ili contrast, reports thatlonly present theca uthor's 
oint of view, can be dismissed by policy makers as 

ow or ef dted by w o nments 
(nitrow1 us) sound more persuasivc bepossibly' erron 
cue piy ron bo) o issusid re 


cause they mention both sides of the issue.
 

Being Accurate and Consistent 

There is always a temptation in applied research to 
ovcrstalC the case. The interprclation of tile evidence 
tends to go beyond M1,11ihe facts Ihenselves would 
allow. Although this may only be true for atiny portion 
of the report, it lends to discredit the entire study. If the 
results offer indicalions that something is true without 
conlirming it beyond a donbt, it is best to say instead, 
"it appears that..." or "tile weight of the evidence sug
gests." 

The carful reader will also detect inconsistencies 
in a report. For example, if you are going to say sone

thing about food csbumption hIen discussing food 
production, then sublsequ nt statements about prod ucwhen analyzinrg coasuniptioin had better be consis
tellt. In individl1 chaplelr's, the inconsistencies may not 
be apparcnl. Therc fore, during the revision of the rough 
drafl, 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 
is readily ;is one with obvious errors of fact. Careful 
re-reading can eliminate theni. Even the most ex
perienccd researcher recognizes the need for this type 
of text editing. 

3 Siandard guides to professional wriIing include: he Chicago1Manual fStyle, 982( 13il1 edilion,) IJniversity of Chiago Press; Words 
into 7ype, 1974 (3rd edition), t'retince-ltall, Inc.; CBE Style Manual, 1983 (51h edition), Council of Biological Editors, Inc. See a 
major library near you for additional materials of ihis iype. Note as well ihat .,omne research institutes have specific guidelines for tihe 
di ffu.sio of research results. For example. in Peru, ifie Ministry ofAgriCUture his published amanual on how to go aboui this, Manual 
NrmioparaIDifusi6n de los Re.%uhlath%de la Ini'estigaeidnA gr-opuaria,1977, Ministcrio de Agricultura, Peru. 
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The same attention is required in tie 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 tihe data presented and 
reflrences made could be completely v'crified). It sug- 
gesis that tileauthor is careless and therefore implies 
t)at his policy recommendations may be similarly 
flawed. If tie report includes data in the text or tables, 
inclde a source for these figures. If they are data from 
a project survcy, simply pul "Source: Survey for this 
study." Similarly, all tAles should be constructed alike: 
numbers, title, sub-head ings, 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 onis-
sions that are overlooked inrevisions. Check the prcsen-
tltion in similar studies to get an idea of the differcnt 
acceptable forma ts and to apprcciatc how profession:l 
writers adhere to them gt their publications.roughou 

Breaking Up the Text 

The loi,gcr tile more complicated the argu-rcp,., tile 

ment, the greater (ie need it try and set tip certaini".Signposls"10 guide tihe rader and some "rest stops" 
"siglpots"togidethere~ier nd ome res stps

for him to collect his thoughts before moving oi. Most 
reports are easier to follow if they include abrief (1-2 
paragraphs) introduction at the beginning ofcich chap
ter in which the topics obe taken up in that chapter are 
identified. Such chapters can also conclude with a brief 
summary and a phras:e or two which provides a transi-
tion to tile next chapter. 

Within segments of the report (be they chapters or 
sections), it is also a good idea to pul subject headings 
every time the focus of the text shifts from one major 
topic to another. In so doing, ilie heading alerts the 
reader to changes in subject mattei. It also allows for 
easier, later reference to the discussion of particular 
topics, 

Rewriting: 

Less is More; Too Little Not Enough
 

In addition to tileother improvements mentioned albove, 
rewriting should aim to minimize repetition, to shorten 
phrases or paragraphs that are simply too wordy and to 
eliminate irrelevant sections ordata.Thc basicobjective 

of rcporl writing is, after all, to inl'orm the reader, not 
to bore him. 

One of the most effective ways to shorten a report
 
without necessarily eliminating rclcvant information is
 
to pt:t all but tile essential tables in an appendix. 1fthe
 
main body of the report contains more data than
 
analysis, tie critical reader StLspects tha thile
researcher 
may not have known pr,cisely what it wat, he wals 
looking for, nor ,what tc, make of the data collected. 
When the text re'ers to data in the appcndix, the reader 
is less likely to get ,-.aiged down rcvicwing numbler alter 
number while renaining appreciative that tilefigures 
are readily accessible if they need to be consulled. 

There is, hover, a danger in beig so concise that 
Theex oer Effeciv ei g reis 

oli i t che icnece radriing the 
einat tle eesnd: trec tr 

es:;eneial. Policy rconnltins deserve special at
lent ion so tha.t decision mke is (who w,:mlt to take the 

rccarchcr's advice) know precisely whalt it is that is 
being proposed. 

Tlhese practicall suggestionis should help ilnthe prep
aration ofa well written, final research report. i3ut that's 

on olie j (b.wift lie rsa reto Ii 1e,inpa
onfly part olthcjob. If the research is to have an inipal 
it the local, regional or national level, the next tsk is 

getting the findings read. 

Getting ItRead: 

Circulating Your Oi A Research 

Agricultural scientists sometimes take the altitude 
th:it once they've finished the rcport and provided writ
tell rccomnendations it is up to a benevolent (or omnis
cient?) policy maker to recognize the brilliance intile 
findings and policy implications. Things rarely work 
that way. Alternatively, these researchers may alssumlie 
that most of their potential readers could care less so 
why bothcr trying to reach a broader audience? The fact 
is that scientists have to edit their results differently for 
policy makcrs and fellow researchers. Irc are some 
practical suggestions on how to go)about this. 

The Abstract 

The purpose of tile Abstract is to provide ihe reader 
with an encapsulated version of the entire report: tile 
problem to be analyzcd, the most salient research find

4See the publications listed under Footnotc 3 for more delailcd advice on this issue. 
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ings, and tlie implications forpolicy and future research. 
Ideally, this brief paragraph focuses on only tie key 
components of the entire study. Some aullors prefer an 
Executive Sumnmary (sec below) instead. However, 
the Abstract can be an effective way of getting tlie 
message to interested readers who simply do not havc 
ine to read more. If done well, it can even prompt th(ose 

who may have never bothered to read tlhe rcp)rt to 
actually do so. 

Style and content are also (if not more) impoilant 
in anl Abstract. A crisply writtcn Abstract crammed 
with rcsultls and policy recommendations can stimulate 
intercisi; i: ilt bit of prose bores readers. Likewise an 
Abstract need not answer all quCstions posed in the 
report, but it certainly should address one or two. Read
ers need something substantive if they are to considerrealding the main rcpo)n let alone gras'p thne essent itI 
findings, 

The Executive Summary 

A second Way to provide busy readers with lie report's 
basic messige is an Executive Summay. Many peopleantto. emly dIto)x amin hilolt w it tileentire study, NJ' simlply d )oo 
not have time, e.g., they may need to make a decision 
now. I' tie report provides a 1-3 palgc suninii ry it tie 
begiitning, this can stimulate somiclc to at least lail
irize hitself ,viih the essential findings. People whorecd the l-settive Sununy tighlt eveni pele \itd 

to look atthe complete report. Itshould be cmphasi/ed 
thait completethe E'xecuitive Sunmnai'y iust provide al 
and acrteC CsvtIthISiS O!theindinus and recomnlc-
datiors so lhlt those \ itonly rcad this abbreviated 
vcrsion get the same inf'ormationl (just without tile 
dtalil) as those who read the full length report. Par-
licular altention must be given to include a succinct, but 
complete review of ilie policy recommendations. A 
quick look at copies of other studies that iniclude such 
sutmntriCs can provide some spccilic examples of how 

go abottt ltiS. 

A Concise Version of the Report 

A sep:nitae, short report in v,hich you include only the 
most essential dat aid a bibliography (which ciles the 
tmain report) is anotlher option. It may not be possible to 
duplicate numrerous copics o'te1C complele final rclxrl-
ilncluling tihe Abstract and Executive Stinmniai--
given its length and the resources required For such a 
job. A thinner version can be circultled to a much larger 
number ol people. Those that are incrsted can consult 

tie complete version for more delail or to examine the 
data. 

Finally, many reports are not Widely read bccause 
they simply are not available, e.g., tlhe 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 bc recommended as a general 
practice. 

Published Summaries 
and Popular Articles 

In manny researchn organizaltions, it may not be feasible 
to distribute sufiCiecnt copies of your final report to 
ensure proper diffusion of the Findings. Nevenheless, 
such institutiins freq uently have research bulletins or 
ma!,.azincs in v,hich an abbrcviated version olt lhe report 
might well be ri utel. For exanmple, the National Agri

cult ural ResCarcl InstilutC in Peru (IrNIAA), publisles 
the 1?ci ta dvi IA.A; in tile Philippines, the Philippine
Council for Agriculture, Forestry and Naturl ResourcsPe c rh a d llll( 'c m l) pi t h 
ces ResrDct and l)elopment (t'( AI.I)) prints the 

IIRD hit'r. 

Developing countries typically have various pnbli
cations in \which articles will appear onl agriculture and 
rural development. In Peru. for example, popularized 
articles often appeair iii such magazines as Agro-Noti
cia" ,\hile short research pieces appear in Acttalidad 
Ecomni a fcl l''ri. Results of ;l recently Collplccd, 
origitril piece of applied research is jSt What1 rcaders of 
thesC puhIlications find offintcrcst. A small summiary for 
publicalion it this type of press enables the results to 
reach an audience that tlie researcher perlps does not 
normally conic in Contact With. 

Conference and Seminar Papers 

Meetings ofprofessional associations, conferences, and 
seminars organited on particular topics are another 
avenue fOr pirsenting the results of your research. While 
such mCClingslypically have paliculalr requirements in 
terms of tol)ics to cmphacsi/c aid the acceptable lengtlh 
ant style of paper, they do offer tile opportunity to reach 
an iudieccc tltl 011Conlily not InvC Colle ill COntilct with 
id therelore it is worth tle extra effort. If tle report 

itself htas been written tip, itusually does not require that 
mnuch additional work to prepare another paper. 
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The advantages of this type of vehicle for publish- ship, requirements in terms of style, as well as topics 
ingasegment of the report's fit ings are twofold. First, about which they are most likely to publish articles. 
it gives one the chance, perhaps, to put a different slant Such information can be gathered by visiting a major

library "ild perusing back issues.6 

on the ideas presented in the report in addition to pre-

scnting the basic findings in a new forum. Second, some 
ideas that may not have been as clear or as well dovel
oped ws one might have wished in the original paper can 
now be ciarified or elaborated on. 

Refereed Journals 
at Home and Abroad 

In nearly all developing countries, professional journals 
are published by local universities, development in-
stitutcs orprofessional associations, e.g., ThePhililpine 
Agriculturalist, Bi'letin Agricole du Rwanda, or India 
Journal ofAgricuhuralEconomics. Although publi ;h
ing in such spccializcd journals frequently will require 
rewriting the final report to conform to th,- -uhlication 
requirc,'znts of thcj(,urnal in questicn, this bit ofaddi-
tional work is modet in comparison with the tinic and 
effort that went into preparing the original study.5 And, 
publishing in a spccializcd journal brings the result., to 
the attention of the profcssional research community-
a group often more diverse than simply those who .do 
research in Ministries or National Agricultural Re-
search Institutes. 

Some resc.rchers assume that the only appropriate 
are those abroad.professional journals to publish in 

However, those journals publishcd in the country where 
the research is carried out arc like;y to be much more 
interested in the results bc'!us their reiders may be 
planning to do rceearch "n a similar topic. Such publi-

cations are also more likely to come to the altention of 
pc, icy makers in the countries in question. 

Pro essional journals in lbtc.gn countries arc another 
pos;ibil:ty. Each journal has'.Lits own particular reader-

Conclusion 
This paper has presented a set of practical suggestions 

for preparing a first draft, polishing a final version, and 
diffusing the results of a research report. The informa
tion contained in the accompanying Notes, References, 
and Supplements offer additional suggestions. After 
reviewing these materials, readers may want to consult 
a major library for additional ideas op one or more of 
the points mentioned. 
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Supplement 1 

A Checldist for Effective Report Writing 

1. 	 Have you developed a tentative table ofcontcnts for 
the final report at the beginning of your research 
project? 

2. 	 Have you set aside enough ime to write, revise, and 
print your research report? Have you included 
report writing and printing costs fn the research 
budget? 

3. 	 Have you prepared a detailed outline for the final 
draft? Does ilinclude sections on mcthodology, 
results, conclusion,;, and recommendations with 
specific topics to be discussed under each? I-low 
does it compare with the table ofcontc ats in similar 
studies? 

Does the Introduction of your report identify a key 
research question(s) to be answered? And indicate 
its importaice? 

5. 	 In,your report, do you explain the methodology you 
used? Are detailed methodological fic!s placed in 
an Appendix? 

6. 	 Does your report include Conclusions? Are there 
recommendations to policy makers? Have you 
identificd topics for future research? 

7. 	 Does the report include a list of references? 

8. 	 Do tables, figures,etc., all follow the same fornat? 
Do they include necessary information such as 
source, units of measure, economic values, etc.? 
Have you chcckod other publications to see how the 
format you use compares? 

9. 	 Havc you eliminated all basic mistakes such as 
spelling crrors, typos, inclusion of sources from 
your draft before you circulate it for comments? 
I lave you corrected errors in syntax and grammar? 

10. 	lave you checked for inconsistences in th data 
presented in different sections of the study? 

11. 	 Does the report devote most of tte text to research 
results and discussion? 

12. 	 Have you sought out cemelts on a first draft from 
key decision makers? 

13. 	 Does thc report present both sides of key issues? 

14. 	 lave irrelevant dataand repetition been eliminated 
in tfie 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? 
S
 

17. 	 Havcyouconsidercd prcparingbriefsummarics for 
publication in the Institute's own research bulletin 
or in popular magazines? 

18. 	 Have you checked at a research library for local 
refcrced journals that might publish an article based 
on your report? 
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1. Making sweetpotato bread in Peru (CIP). 

2. 	Traditional cassava processing in Africa (IITA). 

3. 	 Cassava chipping in Latin America (CIAT). 

4. 	 Improved cassava processing in Nigeria (IITA), 

5. 	Village-level production of sweetpotato noodles in 
China (CIP). 

6. 	A drum-peeler for village-level potato processing in 
India (CIP). 
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