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Surmary

As the world's population grows, increasing the food supply con*inues
to be an urgent rriority. One vital--and neglected--step toward this end
is to reduce the food losses that occur between harvest and consumption.
Reliable studies and expert opinion indicate that postharvest losses of
major food commodities in developing countries are enormous, in the range,
conservatively, of tens of millions of tonnes® per year and valued at
billicns of dollars. Programs for reducing these losses must be based on
reasonable estimates of the losses, as must evaluations of program effec-
Tiveness. Yet it is very difficult to estimate postharvest food losses
with precision. Partly, this is due to their inherent variability. But
it is also a result of many cultural and economic factors that frustrate
the smooth, efficient flow of food through the postharvest system from
producer to consumer.

Useful food loss estimates are possible, however, as is improvement
in food conservation. This study is devoted to assessing their potential
and their limitations. It summarizes existing work and information about
losses of the major food crops and fish, discusses some of the economic
and social factors involved, identifie¢ needs and suggests alternative
policies and programs for developing countries and technical assistance

agencies.

*Metric tonnes--are used throughout the report.



Loss Estimation

Unlike production estimates, which are based on the measurable genetic
potential of crops, loss estimates are location- and season-specific to a
degree that makes the concept of average levels of loss almost meaningless.

The low accuracy of loss-survey techniques on the one hand, and the limitations
of extrapolating from even a specific, well-characterized loss situation on
the other, make reliable and economically feasible loss estimates highly
difficult. Losses can be better understood and assessed, however, and improved

methods must be developed and standardized.

Improved loss estimation is essential for making policy decisions about
the allocation of resources to reduce losses. Experts resist estimating national
Or global percentage losses of major food camodities because these figures are
impossible to substantiate statistically, except on a limited, ccntrolled
experimental basis. When providing "indicative" figures for planning purposes
however, the experts typically cite minimun overall losses of 10 percent for
durable crops (the cereal greins and grain legumes) and 20 percent or higher for
non-grain staples (yams or cassava, for example) and other perishables including
fish. Accepting these estimates (with appropriate caveats) as conservative
minimum values in support of allocations for food loss reduction, it is clear
that worldwide food losses are staggering, justifying substantial investment of
intellectual and financial resources to understand them better and to reduce
them. This is reflected in the 1375 Resolution of the VIIth Special Session
of the United Nations General Assembly, cammitting member states to reduce

postharvest food losses by 50 percent by 198S.
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Loss Reduction

Loss reduction ultimately depends on economic exigencies. Given modern
technology and sufficient resources, it is theoretically possible to conserve
most food commodities almost indefinitely without loss. The expenditure on
food conservation, however, must be justified by the particular need and
circunstances. Before programs can be undertaken to reduce losses on a
broad scale, more data 1s needed on the probable costs, manpower, and
organization. Such efforts require political commitment by individual countries
to carry through the actions required at the national level.

Given the complex coordination required to reduce losses, each country
needs a national postharvest policy body with a fulltime professional staff
to assess and monitor overall losses, identify acute loss priorities, and
carry out research, This body should also provide decision makers with
realistic policy options so that appropriate levels of investment in loss
reduction can be made commensurate with the economic and social costs involved.
The postharvest policy group must have access to the highest levels of
government, since losses may result as much from disincentives to conservation
caused by pricing, taxation, or other govermmental regulatory policies as
Trom biological or physical causes.

Regrettably, few countries have national postharvest groups responsible
for developing and coordinating policy among the ministries involved. Establish-
ment of such bodies is urgently recommended and technical assistance agencies
should be ready to help developing countries with the process.

Current national efforts for food loss estimation and reduction are not
only inadequate, but are also heavily biased towards storage of cereal grains.
Given tne seasonal character of grain production and the survival value of

grain in many societies, this is understandable. However, the non-grain
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staples, which are at least the main source of calories in the diets of
a number of societies, should receive attention commensurate with their
importance in the diet, as should vegetables and fruit. This concern, should
not, however, be at the expense of efforts focused on the cereal grains.

In most societies, such importance is attached to eating fresh, known

varieties of fish (because of the cpeed with which fish spoil and rhe dangers

of eating either spoiled or toxic varieties) that increasec consumption of
unconventional varieties or processed fish products such as fish flakes or
Protein concentrate is unlikely to reduce present losses. Father, efforts
should be directed to (a) improving storage; (b) assisting fishermen in

forming cooperative asscciations, which ccllectively could justify improved boat
landing and fish handling facilities; and (c) improving marketing and processing
(drying, salting, and smoking) of landed catches of conventional species. Non-
conventional fish species on the other hand should be used wherever possible for

animal feed and fertilizer.

Social, Cultural and Economic Aspects

Food losses are related to social phenomena. ' Cultural attitudes and
societal practices form the inescapable and critical backdrop against which
postharvest operations and loss reduction activities must occur. Auong different
cultures, even the perception of what constitutes food loss often varies greatly.
The techniques of food conservation are frequently dictated more by traditional
beliefs than by immediate utility. The roles of male and female, or relationships
among individuals and families, may be reflected in the particular ways in which
food is handled or stored after harvest.
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Incentives are an important aspect of reducing food losses. Producers are
unlikely to invest money or effort in loss reduction activities unless they foresee
a good return, whether in incame, security, or status.

National efforts to reduce food lcsses cannot rely sol:ly on technology or
information. Technology and informatim must be culturally and socially acceptable
if they are to be useful, and incentives for the adoption of sound food
conservation practice should be emphasized.

The lack of da:a about postharvest food losses is particularly acute
with respect to economic and social aspects of loss; a corel.uy is that the
cost effectiveness of food less reduction cannot be adequately demonstrated.
Yet there are simple improvements in conservation practices which require little
monetary investment and could greatly reduce the risk of serious 1lc.s at the
farr level. There are aiso indirect benefits that can derive from investment
in postharvest lcss recuction, especially in the traditional farm sector of
poor countries where the bulk of the population produces and consumes the
larger proportion of the food crops, little of which enters the market sector.
Here, food loss reduction leads to greater food security against lean years.
It may also offer possibilities for generating erployment and surplus food
for marketing, which may pay for an increased flow of goods and services to

the rural area. Govermment action to reduce losses is probably more important

in the traditional farm sector than other sectors of the economy where food
camodities are mainly in the hands of commercial entrepreneurs who may

respond to market forces with appropriate conservation measures.


http:cor.l.Ly

Education and Training

The lack of reliable general information on the extent, nature, and

possibilities for reduction of postharvest food losses, combined with lack

of recognition that this is a discrete technical area with opportunities
for professional career development, has led to a critical shortage of
qualified and experienced personnel. This can and should be overcome by
educational efforts at many levels. These efforts should include informal
programs to increase public awareness of the need for hygiene in food
handling and storage, training courses for agricultural extension workers --
who have a particularly important role to play in the rural farm sector

-- and for administrative personnel, and degree and postgraduate training in
appropriate biological and engineering disciplines. Particular attention should
be given to increasing training opportunities for women, who in many societies
Play a vital role in harvest and postharvest activities. Current technical
assistance support for national postharvest training programs should be strengthened
and should be matched by complementary research and training opportunities in

the developed countries.
Technical Information and Research

There is little precise published information about losses and loss reduction
in developing countries. What there is concerns mainly grain storage, and there
is particular need for more information about perishables, and the socio-econcmic
factors affecting food conservation. The literature is scattered widely throughout
the technical journals and frequently is nct readily identifiable by title as
relevant to postharvest losses. There is need for a postharvest loss documentation
service, organized internationally and continually updated, with facilities for

providing microfiche or hard copies of technical papers worldwide.



A great deal of general technological and scientific information
about various aspects of food loss in developed countries is available
and should be put to use. There is need for adaptive research to ensure
that this information is technically sound and for socioeconomic research -
to ensure that it is socially acceptable and economically justifiable.

The role of the private sector in developing countries 1s potentially
very importan. because of informztion and experience in the postharvest
conservation of cammercial and export crops.

Further applier. research is needed to improve food processing
equipment so that it will work efficiently under tropical conditions.

This applizs particularly to drying, threshing, and milling equipment,
which 1s often old, inexpertly operated machinery designed for other
purposes and ca es much avoidable inss. There 1s also a particular need
for low-cost simple cocling equipment, which could dramatically increase
storage and marketing 1ife of perishables.

There 1s a need for basic research, much of which should be conducted
in cooperation with developed countries. It should include such toplcs as
improved, biodegradable pesticides (insecticides, rodenticides, and fungicides)
to be used in integrated systems of pest control, replacing toxic chemicals
to which many pests are becoming resistant and which may be a threat to the
health of people, livestock, and wildlife. The international agricultural
Crop research centers and national crop breeding programs should also
consider the postharvest characteristics of new varieties when selecting
crops for introduction to developing countries.

The study confirms that there is no known simple, inexpensive technology
that by itself can make a profound impact on postharvest losses. On the

contrary, postharvest food conservation can be achieved only through a
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combination of location~-specific organization, problem identification,
training, information, and adapted technology. Good conservation practice
must be applied on a sustained basis, with continual refinement as
additional information beccmes available. Significant worldwide reductions
in food losses will result from the aggregate of these sustained national
efforts, which should be given all possible support by the bilateral and

international technical assistance agencies. ‘



Chapter 1

Introduction

By the year 2000, world population is projected to increase from
4 billion to between 6 and 7 billion. Estimates indicate, however, that
between 450 million and 1 billion people do not have enough to eat now
and that this number is likely to increase by the end of the century
(NAS, 1977).

To cope with current and future food demand, governments have traditionally
empirzsized two lines of action: reducing future demand by slowing population
growth, and increasing food supplies by increasing production.

A third vital complementary measure, however--reducing the loss of
food during and after harvest--has not been adequately emphasized.

In developing co uitries enormous losses result from spillage, contam-
ination, attack by insects, birds and rodents, and deterioration in storage.
Conserative es’cimates:'= indicate that a minimum of 107 million tonnes of
food were lost in 1976; the losses in cereal grains and legumes alone arz
an amount that would provide more than the annual minimum caloric require-
ments of 168 million people.

Billions of dollars have been invested to help developing countries
produce food, but this has not been matched by investment--or by an aware-

ness in developing countries of the need for it--either to determine what

could be done to reduce losses, or to initiate measures to reduce loss.

*See Chapter 8.
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Increased food production causes strain on present methods of handling,
storing, and processing crops, and increased food losses will result unless
developing countries and donors of economic assistance (a) establish and
maintain adequate harvesting, storage, and handling practices, particularly
in rural areas, and (b) create efficient policy and administrative infra-
structures.

Neither the total magnitude of postharvest food loss, nor the extent
to which it is avoidable are reliably known. Losses vary greatly and are a
function of crop variety, pest and pest combinations, climate, the methods
involved in the system of harvesting, processing, storage, handling, market-
ing, and the social and cultural setting. The importance of losses in
particular localities varies according to the availability of food and the
purchasing power of the various sectors of society.

Experts involved in the preparation of this report resisted extrapolat-
ing postharvest loss estimates to national or global levels because they
cannot support general estimates with statistically significant data. When
supplying information for planning purposes, however, the experts cite
10 percent as an average minimum overall loss figure for cereal grains and
legumes, and about 20 percent minimum for perishables and fish. It is clear
that food losses are important to poor countries not only in terms of quanti-
ties but also of nutritional and economic loss.

Many observers believe that a 50 percent reduction in postharvest food
losses in developing countries would greatly reduce, or even eliminate some
countries' present need to import large quantities of food. This reduction
has been set by the VIIth Special Session of the United Nations General

Assembly in 1975 as a target to be achieved by 1985. Annual production of
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cereals by that time is projected to reach 450 million tonnes, and a 50
percent reduction of prujected minimum losses migh: yield 22.5 million
tonnes, valued at 3.7 billion 1976 U.S. dollars. Calculations for perish-
ables and fish give additional minimum losses in 1985 valued at over

4 billion dollars, for total food loss valued at more than 11 billion
dollars.

Food losses are highly locality-specific not only in amount, but also
in impact: they must be evaluated in the context of the relative economics
of food production, and of the relationship between food production and
population growth. There is no doubt, however, of the importance of loss
reduction to goverrments and technical assistance agencies as a means of
increasing food availability at a time when constraints on production (land
availability and costs of fertilizers and pesticides) are continually
increasing.

Substantial postharvest losses also occur in developed countries.
These losses appear to result from somewhat different causes than in
developing countries, however. Many stem from consumer demand for a widely
varied diet. Because of strict regulatory quality standards and consumer
preferences, a large amount of food is not consumed because of slight
changes in quality or appearance. Requirements for uniform packaging

procedures result in heavy losses of irregularly shaped fruits and vegetables.

Charge and Objective

The United States Agency for International Development (AID) has
identified postharvest food loss reduction as a key problem area to receive

attention. In order to identify the most appropriate ways to allocate AID
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funding, the Agency requested the Academy to undertake a study of post-
harvest food losses.

The objectives of this study are:

1. To summarize existing work and information on food losses;

2. To discuss some of the social and economic factors involved in
food loss and food conservation; and

3. To identify need for food loss assessment and food conservation,
and to suggest alternatives for food conservation policy and programs for

developing countries and development assistance agencies.

The study does not prescribe conservation projects or practices
applicable to all developing countries, since remedies must depend on each
country's particular circumstarces and priorities. Rather, the study
reviews alternative possibilities for reducing losses, presenting them in
a way that may help decision makers to understand more fully the possible
consequences of various courses of action.

The report is aimed primarily at the decision maker--in both industri-
alized and developing countries--who is responsible for resources that
might be allocated to food conservation and who seeks a comprehensive
overview of the postharvest system in developing countries. It, therefore,
includes background and basic technical, socioeconomic, and ¢ ultural infor;
mation.

The report is also designed to provide a basic introduction for the
technical person not familiar with the field. References and suggested
reading are included to indicate further sources of information.

To initiate and direct the study, the Academy appointed a Steering
Committee whose members have experience with both the technical aspects of
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postharvest food conservation in developing countries and the broader
scientific, social, and economic context.

The Steering Committee met three times. The first meeting agreed
on the ouline of the study and identified key issues. With these guide-
lines established. compilation of a bibliography was begun and information
solicited from large numbers of experts.

For the second meeting, an international group of experts was invited
to join in an examination of the key issues and the roughly assembled study
material. On the basis of these discussions, a final draft was prepared by
NAS professional staff members for discussion at the third meeting, with

subsequent review under the Academy's report review procedure.

Scope of the Study

Throughout this report, emphasis is given to the major food crops,
indentified on the basis of estimates of their levels of production in
1376 (FAO, 1977a). From the outset, the study focused on the basic cate-
gories of foods--cereal grains and grain legumes, nongrain staples, and
perishables and fish--in rough proportion (60:20:20) to their relative
importance and the amounts of information believed to be available about
their postharvest problems.

Since Congress has directed AID to devote priority attention to the
poorest people in developing countries, the study focuses on the needs of
rural farm facilities. FEmphasis on the farm sector, moreover, is logical
in terms of production patterns; a large portion of all food crops in
developing countries remains on farms and in rural villages and never

enters the commercial market.
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*
TABLE 1I:1. Majar Food Crops, World and Developing Country
Ranked in Order of Estimated Production (from FAO, 1977a)

WORLD DEVELOPING COUNTRIES
CROP 009 PERCENT | CROP _ooY PERCENT
Tonnes Tommes
Wheat 417478 15.67 Paddy 186230 21.36
Paddy 345386 12.97 Cassava 103486 11.87
Maize 334014 12.54 Wheat 95048 10.90
Potatces 287554 10.80 Maize 73328 8.41
Barley 189654 7.12 Banana/
Plantain 55199 6.33
Sw.Potatoes 135855 5.10 Coconuts 32664 3.75
Cassava 104952 3.94 Sarghum 31173 3.57
Soybeans 62117 2.33 Yams, Taro,
etc. 28777 3.30
Grapas 59204 2.22 Potatoes 26909 3.09
Banana/ ak
Plantain 56805 2.13 (Pulses) 25997 (2.98)
Sorghum 51812 1.95 Citrus 22040 2.53
(Pulses)** 51522 (1.93) Millet 21452 2.46
Millet 51u61 1.93 Barley 20775 2.38
Citrus 50843 1.91 Sw.Potatoes 17630 2.02
Tamatoes 40802 1.53 Soybeans 13842 1.59
Cocoruts 32895 1.23 Groundrats 13502 1.55
Yams, Taro,
ete. 29530 1.11 Tamatoes 12755 1.46
Rye 27660 1.04 Grapes 12720 1.46
Groundnuts 18495 0.69 Mangoes 12556 J.uy
Dry Peas 13427 0.50 Watermelon  10u36 1.20
Dry Beans 12580 0.47 Dry Beans 8537 0.98
Onions 6474 0.74
Percentage of Total Percentage of Total
World Food Crop Production 88.14 Developing Country Food Crop
Production 94,39

*Deve.lopirg market economies as defined in the FAO Production Yearbook (1977).
*k
Pulses--total legumes except soybeans and grourdruts.
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As a corollary to the AID emphasis on crops grown and consumed in the
poorest farm sector, it was agreed to exclude primarily commercial food
crops--the beverages (tea, coffee, cocoa) and other plantation and export
crops such as bananas and sugar cane. All of these commodities are mainly
the province of private enterprise; presumably, the entrepreneurs give
postharvest loss appropriate attention, at least by comparison with the
nonmarket food crop sector.

Meat and dairy products have also been excluded from the study. It
was agreed that they pose spec®al kinds of loss problems related to the
provision of a storage and distribution system: if such a system exists,
it operates more or less efficiently with pasteurization and refrigeration;
if it does not, there is little incentive for production beyond immediate,
usually modest, needs and the products are consumed quickly with minimal
loss.

The study is directed toward losses occurring either in unprocessed
food or in food commodities that have undergone "primary" processing.
Primary processing is a series of steps (taken mainly on the farm with
women taking much of the responsibility) by which the raw foodstuff is
converted into a basic edible commodity by being treated or separated from
inedible constituents. Rice, for example, is harvested, dried, stored as
paddy, hulled and polished (rice hulls are not losses because they are not
food, but rice bran may be), or parboiled. These steps involve weight loss
that may or may not include food loss, depending on definition.

There are further processing steps--'"secondary" processing--in which
the basic edible commodity is converted into other forms before being
consumed, such as baking, brewing, or canning. The study concentrates on
the losses occurring from harvest through primary processing rather than on

secondary processing, a decision made for two reasons:
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(]

Secondary processing takes a large variety of forms. Keeping track
of the commodity as it moves through various stages in this part of the
food chain makes the estimation and quantification of losses a daunting

prospect.

In secondary processing, the commodity is normally in the hands
of commercial, village, or domestic processors. Losses are likely to be
relatively small (compared to storage losses, for example), and to the
extent that commercial enterprise is responsible, they are probably

minimized as much as the available resources and economic incentives warrant.

Though meat and dairy products are excluded from the study because of
their perishable nature (except for cheese) and urgent storage demands,
fish is included. This decision was made because of the importance of fish
in the world diet (in which it supplies 17 percent of animal protein consumed)
and because losses after "harvest" are similar to losses in other perishables
resulting from problems of rapid deterioration, preservation and drying

technologies and storage.

Definitions and Boundaries

Certain key words must be defined to avoid confusion. Perception of
loss is highly subjective and location-specific and the formulation of
unambiguous definitions difficult. The definitions that follow are the
consensus of a large number of knowledgeable individuals who recognize
the need for bringing some uniformity to the use and meaning of commonly
used terms. The definitions are based on those articulated by Bourne

(1977).
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Food

Food is any commodity eaten and produced or harvested to be eaten by
a particular society. It is measured by the weight of edible material--
calculated on a specified moisture bagis--that has been harvested, gathered
or caught intentionally for human consumption and that is consumed by the
population of the area under consideration. For the purpose of this study,
primary attention is focused on the major food crops--cereal grainZ, grain
legumes (the "durables"), and root crops, with secondary consideration

given to perishables and fish.

Harvest and Postharvest

Harvest is the single deliberate action to separate the foodstufi (with
or without associated nonedible material) from its growth medium--reaping
cereals, picking fruit, lifting fish from water ~- and o1l succeeding
actions are defined as postharvest actions.

The postharvest period of time, thus, begins at separation of the
food item from the medium of immediate growth or production. It is
defined here as ending when the food enters the process of preparation
for final consumption. This period also corresponds to the agricultural
marketing and distribution period in which "erop protection" activities
have ended, but before meal preparation activities begin.

Fruit becames postharvest after it has been picked. Fruit that falls
from the plant and is allowed to rot on the ground is not a postharvest loss
because it was never harvested. However, if fallen fruit is collected for

use, it becomes subject to postharvest loss assessment.
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Loss and Damage“

Loss is the decrease measured as a reduction in weight in the
amount of food available for consumption. We are concerned here only witt.
losses that could be avoided or reduced given the right conditions under
the constraints of the society in which they occur. Economic considerations

may lead to situations in which it is not desirable to reduce loss that

could technically be avoided.

Damage is physical spoilage, often a partial deterioration or one
subjectively judged and very difficult to measure; it is usually reported
as a percentage of the food sample. Damage of a crop sample is not usually
the same as weight loss and is usually not as useful or precise a loss
indicator as percent weight loss.

Unused fools that are taboo are not held to be lost; neither are foods
used in ceremonial or religious rites. Nonutilization and underutilization
of items not ncw recognized as food are not considered loss, though this is
an important area of study that should be addressed elsewhere.

It is important that loss definition be location-specific. Cultural
differences create problems in defining loss; what is considered edible,

a delicacy even, in one area (fermented bean curd, for example) may not be
viewed as food in another. Loss definition may even be time-specific, with
items rejected in times of plenty consumed in times of want--for instance,

spoiled-grain bread on the Trans-Sahara trade route.

*For a fuller discussion of this topic, see Chapter 3.
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Assessment, Estimation, and Measurement

These terms are used in the literature to describe different kinds
of processes undertaken with varying degrees of confidence to determine
losses. They are used here as follows:

Assessment is used to denote the roush quantitative approximation of
food loss or for characterizing the relative importance of different
points of loss in a particular food chain. Implicit in the use of this
term is subjective judgement required because of insufficient information.

Measurement is a more precise and objective process by which quanti-
tative facts about a loss situation are calculated. Implicit in this
process is the belief that the same procedure applied by any observer
under the same circumstances will yield the same result. This does not
mean that the accuracy of the result is necessarily higher than that of an
assessment--the accuracy will depend on the method of measurement itself,
while the accuracy of an assessment can only be borne out by subsequent
measurement.

Estimation is used to describe the process of interpretation of a
number of scientific measurements, and thus requires that experience

and judgement be brought to bear on the factual information under consideration.

Waste

Waste or wastage are terms included here because they are commonly
used elsewhere. However, they camnot be precisely defined since they
involve subjective and even moral value judgments and depend on the
context in which they are used. They should not be used as Synonymous

for loss and are probably better avoided.
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Bibliography

The need for a survey of >ibliography material was recognized and is
included in the study's terms of reference.

As collection of postharvest technology references proceeded, it
became evident that, contrary to expectatirns, a large amount of material
exists that in some way touches upon loss estimation, food preservation,
or storage technologies.

This material was organized by major categories: Food commodity loss
estimaticn, conservation technology, ind loss vector. The limited time
availeble and the volume of material precluded extensive cross-referencing,
but country indexes are appended.

The present bibliography of sore 2,500 entries and 250 pages is
recognized to be a working document. Two hundred and fifty copies have
been distributed to institutions actively pursuing research on postharvest
technology. Additional copies are ivailahle through the National Technical
Information Service (NTIS). The information has also been entered in
the FAO AGRIS computerized information store and can be retrieved by
referring to AGRIS catalogs.

To serve the needs of readers who may desire an overview of particular
aspects of the postharvest food loss problem, but who have neither the
time nor the interest in examing large quantities of information of
uneven relevance ~r quality, selected reading lists have been provided at the end
of the major sections of the report. These lists represent the opinion of

experts on the various topics as to the items in the literature that are

informative, comprehensive, and well-written.
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Chapter 2
Cultural and Socioeconcmic Aspects

This report emphasizes the technical aspects of postharvest food
losses. Much of the discussion, following the mandate of the study com-
mittee, concerns the methodology of loss reduction, the technology of
primary food processing and food storage, and the body of knowledge on
food pests and the physiological deterioration of food. The study com-
mittee is fully aware, however, that Prevention of postharvest food losses
necessaril, involves more than technical issues. Cultural, economic and
social factors strongly affect the nature and magnitude of feod loss and
the attitudes of farm families and governments to food conservation. Past
experiences with agrarian reform have demonstrated that programs must be
sensitive to the cultural, sociceconomic, and political characteristics
of a society and that the technical and scientific components of change
cannot be divorced from the social context within which they are applied.

The resources available to the committee did not permit a systematic
examination of knowledge about cultural change and the conditions that
facilitate it. This discussion does not represent, therefore, a thorough
examination of the social, economic, and educational issues that need to
be considered in an approach to food conservation. It is intended, rather,

to emphasize the importance of these issues, to point out some of their

22
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implications, and to stress the need for planning now to conserve food,

Cultural and Social Factors in Food Conservation

The causes of food loss are linked in many complex ways to beliefs and
attitudes which underlie traditional ways of managing the postharvest system
but which also camplicate change. These factors must be carefully examined
and understood before new conservation technologies and practices can be
successfully introduced.

Under traditional farming conditions, the postharvest system of storing
and handling crops is suited to the type and level of crop production in
which it has evolved, often through a harsh process of natural selection,
The levels of production and conservation of food are constrained by the
resources available to the farm family, and there may be limitations on
the time or labor available on the farm or in the village for incorporating
changes to the established seasonal cycle of events., Furthermore change
may be perceived as a threat, and resistance to it may be strong. In many
societies, for example, there may be much reluctance on the part of indi-
viduals or groups to relinquish established controls over food storage
and other practices that are linked to security and status. Traditional
practices, therefore, are not likely to be zbandoned unless new technologies
and methods are demonstrated and perceived to be effective improvements,
and also do not result in intolerable strains on social structures, in-

come levels and distribution.
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Despite the understandable, and justifiable, conservatism about
established postharvest practices, change is inevitable. Population
increase may strain food resources, and lead to introduction of new Ccrops
or new varieties and other inputs for production. Such changes will
strain the existing capacity to handle the additional food, and create
possibilities for increased levels of loss at all stages of the postharvest
system. What is required, therefore is to harmonize the perception of
change and needs with possible approaches to satisfying them.

The conditions that foster the incentives necessary to stimulate
change vary over time and between cultures. Past experience suggests,
however, that certain conditions can turn beople against technical "improve-
ments" to food conservation. For example:

° Price depression that may result from increased availability of
food;

© Taxation, especially tithes on amounts of food stored;

© Fixed quotas for commodities tc be purchased after harvest;

° Inadequate means of storing or marketing surplus production; and

© Problems in reaching larger markets, such as lack of feeder roads
or inadequate transportation arrangements for fish and perishables.

A list of conditions that mitigate against food conservation draws
attention to the importance of national policies. Past experience suggests
that the effectiveness of intervention depends on adequate communication
between central governments and local communities. Govermments must have
adequate information for Planning and decision making. It is for this
reason that the committee places special stress on the need for national
policy bodies concerned with postharvest food losses. Such bodies can

take account of the large range of local interests involved and can examine
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the technical and scientific considerations against local conditions and
attitudes. It would then be possible for national govermments +to decide
how postharvest losses rank in terms of national priorities. The decision
to act to reduce losses involves not only complex social considerations,
but also economic considerations, some of which are discussed below.

?,

Econamic Factors in Food Conservation

Postharvest losses can arise from a number of causes that fall into
three main categories each of which has economic implications:

® Physical loss that can be measured by weight;

© Loss of quality (including presence of contaminants), with changes
in appearance, taste, or texture that may cause the food to be rejected
by potential buyers:; and

° Loss of nutritional value; these may affect the subsistence farmer,
the farmer vho produces food for sale, and the consumer. Although any
losses will ultimately be felt by society as a whole, individual groups
are likely to experience the economic consequences to different degrees.
Further, strategies to prevent or reduce food losses have econcmic effects
on other groups involved in food preservation and processing, in addition

to the producers or owners and final consumers of the food.

*Discussions on economic losses are based on work by Adams and

Harman (1977)
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Many kinds of costs may be associated with postharvest losses, and
it is important to assess these costs as thoroughly as possible for an
accurate picture of possible economic consequences,

Individuals or private organizations normally make decisions about
dealing with food losses on the basis of economic consequences alone; govern-
ments, however, are faced with decisions about losses that will involve
consideration not only of economic consequences, but also of social
responsibility and national development goals. Clearly, there is no simple
"right" answer for complex and changing situations, but understanding of
the economic consequences of postharves* food losses can help illuminate
feasible answers and eliminate unsuitable ones. These consequences differ
at the production, or farm, level and the broader social level; both
contexts will be discussed below.

Economic Loss at the Farm Level

For the individual farmer, econamic loss is usually expressed in monetary
terms and may result when physical, qualitative, or nutriticnal loss
occurs. For example, a farmer may store grain to sell at a later date;
if a portion is eaten by rodents or is damaged and becomes unsalable,
the farmer loses income he would otherwise have gained, (It should be
noted, however, that the example just given could result in an economic
gain where the general availability of a comnodity declines and the price
rises as a result; in such a situation the total income of some individual
farmers may be increased.) In a similar storage loss situation, a sub-
sistence farmer might be forced to buy extra food to replace his lost
supplies and the cost of this food would be a loss. His diet would also
suffer if the food lost nutritional value.
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It is also possible for the farmer to avoid an economic loss even
though his commodity has suffered a loss of quality or nutritional value.
If such losses are not detected or the consumer, for whatever reason, is
willing to purchase the commodity at prices unaffected by the qualitative
changes, the farmer experiences no loss of income.

For the farmer, costs related to postharvest food loss may be con-

sidered as direct or indirect and these costs are discussed in Note II-1.

Economic lLoss at the Social level

Food loss also has implications, of course, for the buyer and the
consumer and thus affects the society or the nation as a whole. (Strictly
speaking, the economic implications spread throughout the entire world,
but they generally are analyzed at the national level.)

For purposes of this discussion, losses at the national level are
defined as social losses. Although the economic implications of post-
harvest losses will be considerably more difficult to appraise at the
social level than at the farm level, the causes and consequences of social
loss must be recognized.

The difference between postharvest loss consequences for the individual
farmer and for the society as a whole can be shown through examples used
earlier. A farmer may not suffer economic loss, for example, if he sells
his crop at normal prices even though nutritioral value has been reduced,
but society incurs a loss through the possibility of poorer health
because of nutriticnally inferior food resulting in lower productivity.

Conversely, society may benefit when the individual farmer bears an

economic loss. Farmers could, for example, take steps to improve grain
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storage that involve substantial costs to each farmer. In the short term,
there could be a surplus of grain and a lowering of prices so that the
farmers, individually and collectively, would lose while consumers benefited.
There may also be effects on secondary groups, other than farmers and con-
sumers: e.g. basket-makers making storage containers may be displaced by
the introduction of metal bins.

Social gains or losses also fluctuate in relation to external influ-
ences, notably the world market price for the commodity and the availability

of food from external donors on concessiondary terms.

Evaluation of Economic Costs

This report emphasizes the importance of knowing as much as possible
about the actual quantitative or qualitative extent of postharvest food

losses in any given situation in order to make reasonable decisions about

corrective action. The requirement for intelligent decisions is knowledge
about the costs involved in various losses; to the extent practicable,

loss situations must be carefully evaluated in economic terms.

Farm Level Costs

Same illustrations of economic evaluation at the farm level may be
helpful.

A subsistence farmer may become short of food before the next harvest
and be forced to buy it for sustenance. The money spent or the goods
bartered for the purchased food are a direct cost. If the money to buy
food cames through a loan, the interest paid is also a direct cost. If
food has been damaged in storage and the farmer must sell when the price
is low because he lacks alterrative storage, he incurs a direct cost equal
to the price he would normally have received less the price received from
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the forced sale. In some instances, a farmer who runs short of food may
be helped by donations from friends or relatives. Although his own direct
costs may be negligible as a result, the cost to the donors must be
included in a complete evaluation.

Costs incurred through loss of quality in a commodity may be difficult
to identify. If the loss of quality causes complete market rejection, then
the extent of the loss is reasonably clear. In less clear-cut situations,
the analysis may be aided if the crop happens to be graded, with different
prices for different grades. In the case of quality loss in animal feed-
stuffs, costs will vary depending on the value of the substitute feeds
used or available.

Nutritional losses due *o deterioration of food which is nevertheless

still consumed are difficult co evaluate in econamic terms, although it

is recognized that they can have an adverse effect on health and produc-
tivity. It is possible to assess the protein and vitamin content of
certain harvested crops in their premium or undamaged condition and
assess later decreases against the premium standard. An evaluation of
this nature, however, is essentially subjective, and interpretations
based on such data should be presented separately from other aspects of

a loss evaluation.
Social Costs

One farmer's postharvest loss will have little social consequence,
but the total of all farmers' losses can represent a significant social
cost. Typically, evaluation of these social costs follows a similar approach
as that used for those of an individual farmer: the consequences of loss

are analyzed as thoroughly as possible and appraisals are made on that basis.
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The values assigned to postharvest food losses can be based on the
prices (using international exchange rates) at which the commodity could
be traded by the country concerned. If production of the commodity has
been great enough to meet internal or domestic demard, then a surplus is
available, at least in theory, for export. losses that occur can be calcu-
lated to have cost the amount of foreign exchange sacrificed by the reduction
of exports.

Conversely, if a commodity is not produced in sufficient quantities
to meet domestic demand, some amount of the commodity, in theory, will need
to be imported. Losses can be valued at the cost in foreign exchange of
importing greater quantities of the commodity equal to the losses.

Just as individual farmers bear indirect costs in coping with or
trying to prevent postharvest losses, indirect costs also can be incurred
by society. Measures taken to prevent food losses, rather than those
resulting from actual losses in a particular season, have indirect costs.
The costs of extension staff who advise on improved postharvest handling
and storage of crops are an example of indirect costs, as would be the
costs involved in inspecting and grading produce to reduce losses. In-
direct costs to society can present problems in economic evaluation, however,
because they frequently involve multi-purpose activities and the costs

cannot be attributed solely to loss prevention purposes.
Cost-Effectiveness Analysis

To the extent that prices can be attributed to postharvest food loss
prevention or reduction activities, cost-effectiveness analysis can be a
useful technique for evaluating the cost of reducing a unit of food loss
and the quantity of units that can be affected within a fixed budget. This
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analytical approach can indicate which activities could affect the most
units within a fixed level of resources. An example is given in Note II-2.
While cost effectiveness analysis can be a useful analytical tool
when reasonably good information is available on costs and anticipated
results, it is only one factor that policy makers and program planners
mist consider. Other elements that must be included in the decision-making
process are such factors as the socio-cultural acceptability of possible
programs, overall national development priorities, and the impact of
possible programs on social and economic matters beyond postharvest food

losses. The next section discusses some of these additional impacts.

A Special Approach to Cost-Benefit Analysis

In a background paper commissioned for this report, Martin Greeley
demonstrates the way in which social cost-benefit analysis supports
concentration ¢ 7 loss r=duction in the rural traditional part of the post-
harvest system.

Greeley points out that differences exist in measuring costs and
benefits for a private entrepreneur and for the public sector for an
investment in loss reduction. The entrepreneur is concerned with private
profitability. For public sector investment, the purely financial consi-
derations are only one aspect of evaluating the investment.

In the public sector, investment in food loss reduction programs must
be considered in terms beyond the primary objective of loss reduction and
increased food supply. The secondary--but vitally important--objectives
may include effects on employment (including employment of women who are
often displaced by mechanization), income distribution, nutrition, social
stability, and balance of payments. Their existence necessarily requires

that the financial cost of achieving a given level of postharvest loss
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reduction be only one element of evaluation. Poorly conceived programs
of loss reduction can impose social costs that negate the benefits derived
from the saving of food. Well-conceived programs, on the other hand, may
not only save food, but also help to provide jobs and distribute income
more widely (thus increasing food purchasing power) and to save foreign
exchange by reducing food imports. The social benefits in such cases can
often be of greater weight than the investment in loss reduction activities.
The postharvest food sector is depicted in the following diagram:
SUBSISTENCE PRODUCERS
.- 7 Rural eénsmers \

MARKET PRODUCERS -.. S~ Urban Consumers < - IMPORTS

~ X\ Foreign Consumers

As shown, there ar« _ee major sources of -.~d and three major types
of consumer. Each arrow represents an element or sector of the total post-
harvest system.

The sectors are not always independent in physical and operational
terms; a rural miller, for example, may have as customers both subsistence
and market producers. The sectors do, however, provide a useful division
into target groups for program-planning purposes.

According to Greeley, the entire postharvest area has often been
neglected in resource allocations and there is a need to improve operations
at all levels.

For planning purposes it is helpful to establish priorities among the
six sectors, which can be defined by the movements of food. These are

discussed in Note II-3.
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The use of social cost-benefit analysis suggests that, in general,
governments should give greater emphasis to food conservation programs for
the traditional sector. In many countries (especially in Asia), this sector
has both the largest population and the highest total food production,
meaning that with widespread food conservation techniques, substantial
savings of food can be made even when percentage losses are relatively low.
Furthermore, the producers and consumers in this sector comprise the largest
poverty-level group in many countries, and therefore can provide a focus
on the poor in national development activities. Because loss reduction
activities may require some capital investment and must be perceived to
provide practical benefits, governments may need to demonstrate and to
subsidize these efforts. At the village level, good opportunities exist
for using local raw material, labor, and artisan skills in loss reduction
activities; these elements of a country's resources are relatively cheap
and abundant, yet the opportunity cost--their value in alternative invest-
ments--is relatively low. Use of these rural resources, moreover, provides
direct social benefits by generating employment and distributing income, in
addition to reducing food lossez for the benefit of poor farm families and
consumers. Increased food availability in this sector can also provide the
poorest farmers and farm women with access to, and perhaps integration into,
the urban and export markets.

Thus, a persuasive case can be made that careful social cost-benefit
analysis will support an increased emphasis on food conservation programs
for the traditional sector. At the same time, it must be recognized that
other demands will frequently have to be given short-term priority. Losses
that affect urban food supplies, for example, are highly visible, often

affect local political elements, and must be addressed with urgency. Other
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short-term imperatives can take on equal priority. Moreover, in those
countries where the majority of farmers are involved in market-oriented
activities, a focus of postharvest food loss interventions in the subsis-
tence or traditional sector assumes less importance.

Despite these cautions, social cost/benefit analysis is an important
analytical methodology for evaluating postharvest food loss reduction
activities in economic terms, whether or not those activities are directed
toward the traditional sector. The results of such activities must be
appraised in terms not only of the reduction in food losses and the costs
of achieving those results, but also in terms of the effects of those
savings on the beneficiaries and of the secondary and lasting impact on

the country's overall development.

Conclusions

Food losses are related to social phenomena, and ways should be found
to incorporate governmental concern for food with the sociocultural impli-
cations of food loss and food loss prevention. Because food conservation
bears similarities to other types of intervention into rural practices,
the problems and successes of rural health delivery, agricultural extension,
and other community development interventions at the village level should be
taken into account by those who plan for food loss reduction.

The need to integrate new practices and revised technologies into
village economies calls for a better understanding of traditional practices
and, generally, of the conditions that facilitate or hinder corrective
measures. Thus, there is a need for more research into che links among

economic and cultural practices and food losses.
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More understanding is needed of the effects of government financial
policies (subsidies, price controls) on postharvest losses and incentives
to reduce losses. Specific case studies are also needed that illuminate
village-level problems, such as the impact of subsidies on the motivation
to adopt new cor changed technology.

There is a particular need for data on the costs of increasing the
availability of food commodities through loss reduction. Such economic
evaluation is essential for comparing food locss reduction strategies with
other types of interventions as an cid to more effective planning and

making decisions about development programs.
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Chapter 2

Notes

Note II-1.

In the examples given in the section, the losses are direct:; the
farmer has suffered a decrease in the quantity available for sale, his
own consumption, or for barter. In all these cases a monetary value can
be applied to the loss. Physical or qualitative losses may also cause
other direct costs to be incurred by the farmer. A damaged grain crop,
for example, may have to be re-bagged or re-sieved at additional cost.

Indirect economic costs result from measures taken to prevent physical
losses, If a farmer takes steps to prevent future losses, he will
normally make an investment of money and time in the expectation of a
positive return. Or a farmer may prefer to plant an improved crop variety
because of its good yields or marketing characteristics. If he is obliged
to produce a different variety, however, because the improved variety does
not hold up as well in storage, he may suffer some loss in satisfaction,
which should be valued if possible. Indirect costs and losses are more
difficult to estimate than direct losses and should be considered separately

when evaluating food loss situations.
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Note II-2.

In country X assume, for example, that the national postharvest policy
unit wishes to know how to achieve the maximum amount of loss reduction for
rice, working within a limited budget. Assume further that a program of
introducing new rice milling machinery might reduce annual losses by 600
tons, on average, in each province affected, while a particular type of
improvement in village cooperative rice storage facilities might reduce
annual losses by 400 tons in each province. If the total budget available
for loss reduction activities is $2 million, and if the improved storage
program costs $200,000 per provincial project and the milling machinery
program costs $400,000 per province (assume equal rates of amortization),
then cost effectiveness analysis would favor the storage program. This
program could be used in ten provinces, reducing total losses by 4,000 tons,
while the milling machinery program could be used in only five provinces, re-

ducing total losses by 3,100 tons, as the table shows.

Cost Effectiveness of Food Loss Reduction Options

Lloss Reduction Cost Provinces Affected Program
Program Per Province Per Province Using Budget?® Effectiveness
Storage
Facilities 400 tons $200,000 10 4,000
Milling
Machinery 600 tons $400,000 5 3,000

“Total Funds Available = $2 million
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Note II-3.

The sectors of the postharvest food system in order of importance for
resource allocations are:
1. Subsistence producers to rural consumers. This can be called the

traditional sector, in which the rural consumers are also producers them-

selves and labor and service employees are paid in kind. Inputs of capital
are typically very low, and this sector is characterized by on-farm operations
of crop processing and storage.

In many places in the developing world, however, there is an increas-
ing trend toward market-oriented agricultural production, and many regions
or countries have no identifiable subsistence op rural nonmarket sector in
the strict sense. While small farmers may consume much of what they produce,
they generally also market some portion to meet other requirements, often as
barter. Even when farmers produce one crop entirely for their own use, they
usually produce a second crop for the market. "Traditional," therefore,
may be a more useful description of this socioeconomic situation than "rural
nonmarket., "

2. Market producers to rural consumers. This sector, called the

rural private market sector, involves large-farmer commercial activities

oriented toward monetary profit rather than subsistence food. More off-farm

operations are involved than in the Previous sector, and buying agents,

millers and other processors, and wholesalers and retailers participate in

the activity of this sector. Consequently, quantitative and qualitative

food losses may be higher because of the additional transport and handling.
3. Market producers to urban consumers. This dcinestically produced

urban sector represents the flow of surplus food from the rural production.

In developing countries, distribution activities here are often dominated
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by public corporations. Buffer stocks of foods are held within this sector
and their size is a key variable determining the level of activity for the
sector. Moreover, if the stocks are on occasion too large in relation to
management capability and facilities, losses are likely to increase.

4. Market producers to foreign consumers. The export sector is
generally the smallest of the six divisions and varies from small to non-
existent, depending on the season and the country. Its importance is in
the export of commodities to generate foreign exchange. The postharvest
operations are generally similar to those of the domestically produced urban
sector.

5. and 6. Imports to urban consumers and imports to rural consumers.

Together, these two divisions are called the import sector. Food imports

can be highly variable, and the organization of the required transport and
handling facilities for imports may be redundant in times when they are not
necessary. lLong-range expectation for the mix between domestic and imported
production thus requires high-level policy decisions based on risk calcula-

tions and other factors.



Chapter 3
Postharvest Food Loss Assessment and Estimation

Introduction

The United Nations General Assembly, reflecting international
concern with ways to increase the world's food supply, in 1975 called
for a 50 percent reduction in overall food losses by 1985. Progress
toward this goal can be judged only through reasonable quantitative
estimates of actual food losses. Loss estimation is also essential
for establishing the programs that will reduce loss; at the national
level, politicians and administrators must have reasonable information
for their decisions oa food conservation investment.

Yet, while the committee understands the need for quantitative
estimates to justify budget allocations, we caution against undue
emphasis on this aspect of the problem. Food loss estimation is a
complex process with limited accuracy. Reliable average figures on
losses for a region, nation, or period of time may be impossible to
support with sound statistical evidence, for reasons to be discussed
later in this chapter. Part of the problem is that standard methodolo-
gies for measuring and estimating loss are lacking for most kinds of food.
A variety of estimation techniques do exist for grains, but considerable
care must be taken both in choosing the descriptive terminology and

estimation technique appropriate for a given situation and in using it.

40
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Above all, care must be taken in extrapolating loss estimates
from one situation to another, particularly in attempting to arrive at
general national or global estimates. The dubious accuracy of food loss
observations and their limited general applicability support use of an
extrapolated average figure for loss estimates only under carefully
described conditions.

In many cases, it may be unnecessary--or impossible--to make
scientific estimates of loss. The sophistication of measurement required
will vary widely in different situations, and assessment by experienced
observers is often sufficient to justify loss reduction measures. In the
commodity sections of this report, the opinions of qualified observers
about average losses are included; these figures are conservative judge-
ments of the specialists and should be used with caution.

At present, the greatest loss assessment need in many developing
countries is for a coordinating body at the national level with an
operating arm to identify where postharvest food losses are occurring
and to undertake detailed loss assessment using standard methodologies.
This structure will permit continuing review of the resources that should
be allocated for reducing losses.

The personnel needed to carry on programs of food loss estimation
in developing countries do not all require a high degree of technical skill.
At the planning and supervisory level, however, it is important that res-
ponsible persons have a thorough grasp of the complexities of postharvest
food processing and distribution, along with sufficient knowledge to call
on the various disciplines needed for loss estimation programs.

Before we begin a more specific discussion, there are two general
aspects of food loss estimation that derserve somewhat fuller treatment:

the difference between "damage" and "loss", and the utility or applicability

of loss estimates.
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The distinction between what is considered to be damaged and lost
food is often difficult to make and sometimes confusing. The subjective
term "damage" denotes a condition that is not objectively measurable.

It refers to apparent evidence of deterioration, and its importance to
the consumer depends upon his affluence and cultural background. A poor
family often has no alternative but to consume a certain amount of damaged
food in its diet, whereas more affluent neighbors may be in a position to
exercise selection.

With perishables, damaged portions of root, fruit or vegetables may
be cut off and thereby actually los: for consumption. However, there will
be stages of deterioration at which ithe consumer decides that the whole
item should be discarded. It is clear.y impossible to define the conditions
under which a certain damage should in general be considered partial op
complete. This is a culture-dependent decision.

"loss," on the other hand, denotes disappearance of food and should
be directly measurable in economic, quantitative, and qualitative or nutri-
tional +erms.

® Economic loss is the reduction in monetary value of food as a
result of physical loss.

° Quantitative loss involves reduction in weight and, therefore,
can be readily defined and valued.

° Qualitative loss can be difficult to assess because, like damage,
it is frequently based on subjective judgements, but it can sometimes be
described by comparison with locally accepted quality standards.

® Nutritional and germinative losses may be a combination of loss
of quantity and quality, and thus is also difficult to measure.
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loss of food quality through deterioration, contamination, and changes
in the composition of nutrients is important, and needs to be much better
understood and measured. Presently identified quantitative food losses from
whatever causes are of more immediate significance, however, since opportuni-

ties now exist to do something about the causes responsible for these losses.

As mentioned in the introduction to this report, quantitative food
losses should be determined on the basis of the food's moisture content.

Quantitative estimates of food losses carn be used to evaluate the
potential of conservation activities:

1. To provide a basis for decisions made by developing-country
governments and international agencies about the allocation of resources
for food production, and postharvest activities such as storage, processing,
and marketing;

2. To furnish information necessary in determining the locations
and types of activities that may be effective in reducing losses; and

3. To increase knowledge and understanding of food supplies.

Relationship Between Usefulness and Accuracy of loss Assessment

Despite the limitations inherent in the accurate identification of
food losses, properly selected estimation methods can provide information
essertial for reducing losses. Widespread sampling procedures can be used,
for example, in which untrained observers gather information according to a
prescribed format. Although the accuracy of the individual loss estimates
may be low, large numbers of such observations can provide a useful basis
for more general estimates and for decisions involving extended geographical

regions or a substantial number of food stores.
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The example of large scale surveys raises the question of how much
accuracy is necessary to make loss estimates that are generally useful.

The answer to the question depends upon the purpose to which the estimates
are to be put.

Using survey Procedures, the range and level of confidence of the
individual result is less important than the overall ﬁicture that emerges.
If, however, the objective is to determine losses in specific large~scale
food storage or processing facilities and to institute conservation measures
affecting large amounts of food over a number of seasons, then the accuracy
of loss assessment should be as high as possible. Technologies exist to
store almost any food indefinitely, but economic, social, and political
factors influence the selection of the technology for a particular commodity
and place. Often the type of storage--and the consequent amount of loss--
represents a compromise among factors of storage cost, desired food quality,
and the anticipated storage period required.

On another level, for traditional on-farm storage situations the
degree of accuracy of loss estimates is likely to be low, as are resources
for available corrective measures. Here loss estimation is limited by the
variety and dispersal of storage facilities among families and villages in
a given area and by problems both in sampling procedures and in making
generalizations based upon individual observations. These problems are
likely to be exacerbated by the reluctance of farmers to provide information
and by the efficiency of the traditional storage methods.

Experienced observers agree that in many developing countries storage
losses of grain stored at the farm level are often relatively low, perhaps
on the order of 8 to 10 percent. If losses at the farm-storage level are
of the same order or smaller than the accuracy achieved by reasonable
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estimation procedures, it is obvious that good estimates for a region or
a sector of agriculture cannot be made with any degree of precision by
generalizing from farm data until the number of observations is large
and taken over carefully sampled areas. As amounts of grain stored become
larger, the potential accuracy increases and there is less need of subjec~
tive judgement.

The limitations of food loss estimation at the farm level lead to

the concept of "sound conservation practice" which says that, although it

may not be economically sound or practical to determine precise food losses,
certain food conservation practices nevertheless are justifiable and sound
on the basis of common sense. These could include such things as making
sure storage bins are completely cleaned out between seasons, or providing
shade and appropriate containers for transporting and marketing perishables.
Food is such a vital resource in a world of growing population that
reasonable measures to conserve it should be taken even though detailed
information on exact losses may be lacking. Furthermore, although losses
at the level of individual farms may be relatively low, in the aggregate
the savings that result from improved food conservation can be considerable.
The complexity of procedures used in estimating food losses should
be in relation to the risk of loss and the quantities of food involved in
the situation under study. Further, existing data and the opinions of
experienced observers may be useful in formulating a "commodity loss profile"
in which loss problems for a particular commodity are approximated. The
approximation can also help identify areas where losses are higher than
would be expected with sound conservation practices and, therefore, require

detailed attention.
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These introductory paragraphs have described some of the limitations
and choices involved in the estimation of food losses. However, a consi-
derable effort has been made to develop specific loss estimation method-
ology and procedures. The remainder of this chapter will examine what is
known, what is in the process of being developed, and, finally, what needs

to be done.

Loss Estimation Methodology

The production, processing, and distribution of food involve a
system of movement that is always locality-specific and usually very
complex, consisting of many stages. Regardless of the nature of the
system, however, certain food losses always occur within a system.

Often there is a clearly apparent need to estimate food losses.

It may be readily seen, for example, that rodents or insects are attacking
stored grain, and the general extent of loss must be determined to decide
whether pesticide treatment is warranted. In many other situations,
however, intuition and observation may indicate that food is being lost

in the system, but the specific weak points, loss causes, or quantities
are not known.

The more that loss estimation is analyzed, the more it is apparent
that there neither is, nor can there be, a simple technique, method, or
procedure that can be universally applied. The movement and storage of
commodities between production and consumption is seldom an easily analyzed
flow. Irregular movement and mixing of various batches in postharvest
cperations make sampling procedw’c and generalizations difficult. Yet,
sampling procedures must be defined Precisely according to the particular

situation.
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Estimating losses in a given situation should be designed so that
the methodology is meaningful, economically sensible, and culturally
appropriate. Analysis of the results should be directly usable for

decis.ons regarding loss reduction. It is reasonable and important,

therefore, to integrate the process of reducing losses with the process

of loss assessment. At the farm level, for example, the limited resources

available for estimation should also be applied to reduction to be credible
to the farmer; estimation must not be seen as an end in itself.

For a variety of reasons, more techniques have evolved for the esti-
mation of grain losses than for other major food categories. These reasons
will be examined in greater detail in subsequent chapters on specific
commodities; suffice it to say here that these techniques reflect the impor-
tance of grains as staple foods, the relative physical uniformity of specific
grains, and the relative ease of storing grain.

Grain loss estimation methodology has recently been the subject of
a manual prepared by Harris and Lindblad (1978) for the American Association
of Cereal Chemists and the League for International Food Education, supported
by funds from the Agency for International Development. The manual is
designed to be widely used in developing countries to encourage standardized
loss assessment procedures so that results from observations carried out in
different locations can be more easily compared. This valuable document has
been written in consultation with grain loss experts involved in the major
national and international programs around the world, many of whom were also
involved in the preparation of the present study. Thus, these two AID-
supported projects are complementary--the manual designed for those directly
involved in grain loss estimation, and this study designed to cover a wider

range of subject matter for a more general audience.
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A number of useful techniques and approaches have been developed
for problems of food loss estimation. These techniques can be applied
in situations ranging from a broad analysis of where losses occur and
at what rough levels of magnitude, to sampling and estimation procedures
yielding rather precise loss figures. The techniques, described in the
following paragraphs, include (a) overall assessment of the commodity

movement system, (b) field investigation of losses, and (c) loss measure-

ment (or "experimentsl estimate").

The following pages describe the major methodological aspects of
loss assessment, including the inherent problems and limitations and
future needs. Those seeking more detailed information on procedures for
grains should consult the Harris-lindblad manual directly.

Overall Assessment

Overall assessment of the commodity movement system means a search
for the points where the most acute food loss occurs; it implies study of
the whole physical and social system in which the food moves from producer
to consumer, and will identify how the commodities are handled (size,
number of steps, etc.) and the number of participating middlemen. Its
objective is to permit judgements to be made about the possibilities for _
loss reduction interventions. From the loss assessment and reduction
perspective, it may be helpful if a national policy body existed to deal
with postharvest loss problems, to coordinate the efforts of national and
international assistance agencies, and to gather and analyze loss informa-

tion. Relevant loss information can be obtained from a variety of sources:
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ministries of agriculture, central statistics organizations, university
faculties of agriculture and economics, transportation agencies, marketing

boards, commercial organizations, and farmers' cooperatives.

Locality- and commodity-specific information is needed to develop a
"commodity loss profile" describing the movement of a commodity through
the system and highlignting points of potential or actual food loss.

Figure 3:1 depicts 1in cartoon form the "food pipeline" and the
physical and biological ways in which some losses occur. It must be
emphasized, however, that the actual movement of food from harvest to consu-
mer may be simple, or may involve a much more complex system than a cartoon
can represent. Movement can be irregular or can be halted for long periods
of time; batches of a commodity can be divided and routed through the system
by very different paths and schedules; infusions of a commodity can be
made into the system from different sources.

The "pipeline" also has a number of different kinds of materials.
There are the human and the mechanical parts of the pipeline, the chain of
hands and the line of transport vehicles down which the food passes with
greater or lesser efficiency speed and ease; the food in the pipeline is
propelled by socic-economic, and political forces; regulations and other
bureaucratic procedures slow down or accelerate the food's passage from
producer to consumer.

Despite the complexities of the system of comrodity movement,
experienced professionals can make useful estimates of losses and identify
possibilities for loss reduction. Simple observation procedures, for instance,
of such visual indices as insects, mold, leaking roofs, etc., may be all that
is necessary. Further, such items as the use of pesticides or the type of

storage facility can provide a knowledgeable person with a basis for judging

wher'e and what magnitude of Jlosses occur.
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The ultimate use of a commodity also bears on loss estimation.
Harvested grain may be divided into several lots For different purposes,
with each receiving different treatment--some dried and stored for long
periods as seed, and some held only for short-term storage and consumption
or movement off the farm. Different levels of risk of loss would be
involved for the different uses; farmers frequently consume their low
quality grain first, since it is known to be subject to the most rapid loss.

These observations enable the trained observer to develop a "commodity
loss profile" for a particular commodity: such a profile would indicate
the final uses of the commodity, the channels through which the commodity
travels to final use, the points at which losses occur, and rough estimates
of the relative magnitude of the losses. It should be pointed out that
complete information on food handling frequently is not collected, but the
data is critical, i.e., the number of handling steps involved, the number of
middlemen handling the food (with inevitable losses) at each step. It is
only this kind of complete information that will enable the expert to judge
with confidence what should be investigated and where priorities are to be

assigned.

Field Investigation of losses

This kind of investigation typically results from analysis of
critical points of potential or actual loss in the commodity loss profile.

The first step is to develop methodology for the particular objec-
tives of the investigation. Loss assessment projects frequently have
suffered from poorly defined objectives and from lack of experimental

control. In addition to objectives, the project must have a pattern that
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is replicable so that loss comparisons can be made. Comparisons must be
statistically valid and must be undertaken within a logical framework of
field investigation and scientific measurement.

There are two aspects to field investigation: the survey and
sampling procedure.

First, a survey is made of farms, villages or areas to determine
the locations at which the loss assessment will take place, the parts of
the postharvest system to be investigated, and the farms or villages from
which samples will be taken. A recognized statistical procedure should be
employed for selecting farms or villages if it is intended to apply the
resultant loss data to an estimate of loss over the area as a whole.

Adams and Harman (1977), for example, recommended stratified random sam-
Pling in connection with their assessment of losses of maize in Zambia.

The method of sampling a commodity is the way in which the sample is
removed from the location under investigation, such as farm or village store.
Specifications of sampling procedures is frequently missing from the post-
harvest literature, yet is a critical dimension of loss estimation procedures.

If the purpose of sampling is to estimate the loss in all the produce
in a store at a particular time--for example, during one or two visits in
the season-~then the sampling must be carried out on all the produce in the
store. If sampling is undertaken at regular intervals over a season, on
the other hand, then each sample should be taken only from produce being
consumed between samplings; to remove other samples would disturb the
natural process of loss.

The size of a sample is limited by practical considerations,
including whether or not the sample is being removed for analysis and
returned *o the store. (With maize, for example, Adams and Harman (1977)
suggest samples of 10 cobs or 1 kg as a reasonable quantity.)



Sampling of stored grain also must take into consideration removal of the
camodity from the store for normal consumption or sale. large losses quoted in
the literacure often reflect heavy damage to a small amount of residual stored
commodity at the end of a season, while in fact total weight loss of the

original crop may be much smaller.

Estimation of Total Losses

After calculating losses in commodity samples, the investigator still
faces the problem of estimating total loss in the entire lot under scrutiny.

In making such estimates, it is important to relate losses to the pattern
of consumption. If, for example, food is left untouched throughout the

storage period and at the time of removal the estimated loss is 10 per—

cent, then this represents the total loss over that period. However,

in most cases food is removed at intervals during the storage period,

and each quantity removed will have suffered a different degree of

loss since it will have been exposed to deterioration for a different length

of time. The total loss over the season can be obtained by accurately

weighing all the grain in and out of the store and comparing the totals.

This does not, however, indicate the relationship between loss and time;that is,

whether the loss reached a peak or whether it was related to a particular
part of the season.

Clear distinction, obviously, must be drawn between observations
of loss made at different stages of the system, whether they are made on
the same lot of grain experiencing all the losses cumulatively, or on

different lots, or a mixture as grain is added or withdrawn (see Note ITI-1).
Sophisticated methods are available to deal with these kinds of loss

estimation problems (harris and Lindblad, 1978); they do not yet exist



54

for parishables. The whole area of deterioration of stored perishables
over time in developing countries, and the implications for cost of loss

reduction, needs priority attention.
Interpretation of Results

As Adams (1976) points out, it is clearly impossible to avoid
approximation in estimating storage losses of subsistence farmers unless
enumerators can be used within each village to check and weigh each re-
moval of stored grain. In most cases, provided the same method of esti-
mation and similar approximations are used for a well-selected sample,
the loss estimates will be comparable and will enable decisions about
loss-reduction activities. The pattern of loss and factors influencing
it should also be recognizable. If possible, loss-reduction activities
are to be evaluated effectively using accurate weighing of food quantities,
replication, and simulation of normal usage will be necessary. The data
for this evaluation should cover the whole storage season and can best be
obtained from the type of general loss survey described in the previous
section.

The interpretation of loss estimation results is also related to
the degree of potential effort for alleviating losses, as well as by the
relationship between the investigator and the situation being studied.

Food loss estimation in developing countries is plagued by the
inverse relationship between accuracy and extrapolation. At the one end
of the scale trained observers who have the time, experience, trust and
cooperation of the farmers whose losses are being estimated, can obtain
and report results of reasonable accuracy, but with limited extrapolat-
ability for other situations. At the other extreme, large numbers of
poorly instructed, untrained observers are likely to produce information
of little value.
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The inherent variability in postharvest food losses renders

extrapolation of estimates from one loss situation or from one time

period to another difficult if not impossible without being so misleading
as to be counterproductive. Currently available information is so limited,
even in the case of the cereal grains which have received most attention,
that experienced observers agree it will not substantiate the use of single
"average" or "representative" values for losses of food commodities at
national, regional, or world levels. The available values for losses
in particular situations should be used only where appropriate as indica-
tive of the particular kinds of losses in those particular kinds of situations.
Until nuch more research and loss assessment is undertaken by
trained observers on a plamned, systematic basis using well-conceived
standard methodologies aggrerate estimates of loss which can be substan-
tiated by statistically sound observations will not be possible. In the
interim, where these values are required for planning purposes, the con-
servative judgement of experienced observers familiar with the local
situation is the only basis for arriving at a particular figure. This
figure is apt to be meaningful to the extert that it can be related to
particular situations and backed up by experimental data. Again, it
must be emphasized that there is a great danger that these "best judge~
ment" figures will be taken out of context and quoted as authoratative,
as it has so often happened in the past.

The committee is convinced that the magnitude of losses of all
commodities justifies additional efforts to Zmprove knowledge about their
nature and extent, thus providing an information base that can lead to
improved conservation of food. This is particularly so for the perishables,
for which there is an almost total lack of reliable scientific data about

losses.
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The committee, therefore, recommends that additional resources be

allocated by developing country govermments and technical assistance

agencies to improving Jnowledge of (a) the movement of food from source

to consumer, and (b) the locus, nature, and extent of postharvest food

losses. Priorities for these efforts should be assigned in proportion

to the importance of the food in the local diet. This should not be

interpreted to mean that the committee recommends the diversion of
resources from existing efforts directed at cereal grains and legumes

to efforts concerning other crops but, rather, the committee's recom-
mendation aims at redressing the imbalance of effort that so far has been
aimed primarily at the durable crops.

The critical shortage of trained observers for identifying and
estimating food losses should be alleviated by appropriate short- and
long~term training programs. Innovative approaches, such as use of rural
high school and university students as observers under appropriate super-
vision, should be considered by the responsible national body as valuable
supplementary resources for loss estimation and reduction studies. One
source of expert skill which is sometimes to be found in a country lies
within the marketing organization for valuable export crops such as cocoa,
copra, coffee, etc. Diversion of some of these valuable skills to the
subsistence econamy should be encouraged.

Additional information on methodologies of estimating grain loss
resulting from particular causes is given in Note III-2.

Postharvest loss estimation methodology for perishables (including
fish) is much less advanced than for cereal grains and legumes. The devel-
opment of a standard methodology is complicated by a number of factors
intrinsic to the nature of the commodities. Differences such as the

following have to be taken into account:
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° The high moisture content of the harvested material makes esti-
mation of weight loss on a dry matter or defined moisture content basis
difficult, if not impossible.

° The lack of uniformity in weight and shape of individual food
items as compared with rice, wheat, or other grains and legumes.

° The potential ex.ists for partial loss. The size of the food and
its susceptibility to mechanical damage and physiological and pathological
deterioration, at different rates and in different parts, make it
possible to divide the edible parts of an individual yam or banana into
acceptable and unacceptable portions. Grains, by and large, are either
edible or not.

° The rate and consequence of spoilage, which for fish is particu-
larly rapid and potentially dangerous to the health of the consumer, is
also important in other perishables.

° There is a difference in the relative value of each food unit,
individual perishable items being much more valuable than an individual

grain. The value is not only economic, but as food, particularly in the

case of fish.

At present, all that can be reasonably recommended to bring some
order to the estimation of postharvest losses of perishables--a new
field--is that research workers be as explicit as possible when reporting
what they are measuring. For example:

°® For roots and tubers, weights should indicate whether the obser-
vations were made on fresh, cured, or aged material; whether with or
without skins; and whether vegetative reproductive parts have or have not
been removed.

° TFor fruits and vegetables, weights should specify whether obser-

vations were made on fresh whole material or whether skins, peels, and

cores, etc., were removed,
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° For fish, the situation is complicated to an extraordinary degree
by the unique characteristics of the "harvesting" process and the many
ways in which the fish harvest can be measured. The differences between
total catch live weight and landed catch on the one hand, and the weight

of edible portions of individual live, gutted and deheaded, or dried fish
on the other hand, are discussed in Chapter 6 on fisgh.

With the non-grain staples there is particular need for case studies
of different crops and situations to develop the methodology for estimating
losses of commodities on a standardized basis. Establishment of locality-
specific standards of quality for perishables is also urgently needed.
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Chapter 3

Notes

Note III-1.

For example, rice loss estimates for Southeast Asia are reported

(De Padua, 1977) as follows:

Harvesting 1 - 3 percent
Handling 2 - 7 percent
Threshing 2 - 6 percent
Drying 1 - 5 percent
Storing 2 - 6 percent
Milling 2 - 10 percent

The possible range of weights of food lost as the grain passes through
these stages is not the same as the simple sum of the percentages of loss,
since the weight of a given lot of grain is reduced at each stage.

Assuming that there is no removal of grain other than through loss and
no dilution of the lot by addition of grain, the sum of losses in the

example given above would be calculated as follews for a 100 kg lot of paddy:

Loss Grain In Grain Out
Stage Percentage (kg) (kg)

Harvesting 1-3 100 97-99

Handling 2-7 97-99 90.21-97.02
Threshing 2-6 90.21-97.02 84.80-95.08
Drying 1-5 84.80-95.08 80.56-94,13
Storing 2-6 80.56-94,13 75.73-32.25
Milling 2-10 75.73-52.25 68.16-90.41

Where there is withdrawal of grain at any of the stages, or dilution
of the original lot with added grain at any stage, appropriate adjustments

in the observations and calculations must be made.
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Note III-2.

Specific Crop Loss Assessment Considerations

The following paragraphs outline the procedures involved in the
loss assessment of different cereal and legume commodities. It should be
kept in mind that there is, here, a need to distinguish between crops which
are gathered and cultivated and those which place a major demand on
available labor, such rice, as opposed to those grown as a minor activity.
The differentiation is significant to determine the relative importance
of the crop in terms of postharvest loss reduction. The inpur labor cost
is a decisive overall factor in which, in particular, the role of wamen
on the farm is important and frequently overlooked.

On the basis of major review papers, original published material,
discussions with experts, and first-hand field and laboratory experience,
Harris and Lindblad (1978) conclude with regard to techniques for measuring
cereal grain losses:

"All of the U.S. Food and Drug Administration-generated procedures,
which are employed as standard methods of loss measurement in the USA and
other countries, are too time~-consuming, require a laboratory setting,
require judgements that are difficult to standardize, use sample sizes
that are too small, or have too variable a relationship to grain weight
loss to make them suitable for use in developing countries." This results
from the very different conditions under which losses occur, are estimated,
and corrective measures applied to the passage of food commodities through
the postharvest system in developed, as opposed to developing, countries.
The same sequence of food movement, storage and marketing occurs in both
kinds of country: the degree of loss at different stages differs markedly
and the commodity loss profiles are different.
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In the highly mechanized agricultural production typical of developed
countries, losses, generally speaking, are proportionally greater during
the harvesting process, smaller during processing, storage and handling,
and greater again during marketing; consumer preference demands variety and
high quality of products, and this, together with govermment standards ond
regulations, leads to high "shelf" losses at the market level as well as
at the table.

In developing countries, on the other hand, while many components
of the commodity loss profile are similar, losses tend to be low during
harvest, where the crop will be mainly hand-picked, high where processing
involves primitive procedures (threshing grain with animals), high during
storage, and somewhat lower after marketing.

Thus, the FPA-developed tests (and by analogy other equivalent
developed country procedures) are largely designed for completely different
conditions, are designed for monitoring large-scale modern storage rather
than for use under field conditions, ana may require expensive laboratory-
based apparatus and procedures which are time-consuming and difficult to

standardize.

Losses Due to Insects

Examinations for insects on the surface of the grain, weighing insect
frass and various procedures to detect visually damaged grains and count
or weigh them have been given field trials in developing countries. There
is a positive correlation between damage, insects, and frass with some loss
quantification possible and Harris' (1972) report to the World Bank suggests

their use in making rapid assessments. This information may be extremely
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useful in developing a commodity loss profile and in quick comparisons
to identify likely points of acute loss in the system.

Some confusion exists concerning the application of these procedures
in quantifying actual losses. Their use in test situations and positive
correlations to weight losses have been taken by some to indicate that
they can be used with some degree of precision to determine weight losses.
In fact, they cannot be used for this purpose unless the biological and
Jphysical characteristics of each estimation situation are completely

understood.

All of the procedures, however, are of value in assessing a situation
and coming to a personal judgment. Their precision ar indicators of actual
losses depends upon the expertise of the user. This is also true of the so-
called gravimetric techniques in which a comparisor is made of the actual
weight of a sample with the weight it would have rad in the absence of damage.

For reliable testing then, Harris concludes that loss in weight can
only be determined by comparison weighing such s "before" and "after,"
equal volumes "with" and "without" treatment and other methods for various
causes of loss as summarized for cereal grains by Adams and incorporated
into the manual prepared by Harris and Lindblad (1978).

However, having indicated that comparison weighing is necessary to
weight-loss estimates, it is more camplicated than simply weighing appro-
priate samples at successive intervals on a balance of appropriate accuracy
hacause the moisture content varies throughout the year. The following
paragraphs will serve to illustrate the complexity of the procedure required
to compensate for changes in moisture content, without repeating the
excellent: technical treatment which is given in the Harris-Lindblad manual.
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Losses of grain prior to secondary processing are mainly due to
insects and molds. The insects bore into the kernel and feed on the sur-
faces, removing food (sometimes selectively) permitting increased uptake
of moisture by the grain from the atmosphere and encouraging the growth of
microorganisms.

There are two ways in which the weight loss can be measured: by
weighing a measured volume of grain--in which case the change in weight in
successive samples tested over a period of time is a measure of their losses
(and possibly other factors--the cause has to be determined)--or by separ-
ating damaged from sound kernels in a given volume and measuring their
comparative weights calculated in terms of the whole sample.

In the first case it is necessary to express the weights of grain
in terms of a coastant moisture content--usually the dry weight. While it
is relatively simple to measure moisture content with a moisture meter, the
volume of the grain changes slightly with changes in moisture content, so
it is necessary to measure, by experiment, the weight of the standard volume
of grain at different levels of moisture. Then the weight of subsequent
samples taken at the prevailing moisture content can be corrected to the
original moisture content for weight change to be calculated independent of
moisture.

Because different varieties of grain have different characteristics,
graphs of weights of the standard volume of grain at different roisture
levels are necessary for each variety. The procedure also is based cn the
assumption that the grain is homogeneous; if it is not, as in the case of
lots of grain of mixed varieties, then a separate baseline graph is required
for each lot.

The baseline graph is prepared by taking a bulk sample of approxi-
sately 5 kg from each store under consideration (or for each variety). The

bulk sample is sieved, its moisture content measured, and it is divided into
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5 sub-samples to correspond to five points on the weight/moisture content
graph. Since the normal range of moisture content in stored grain is from,
say, 8-18 percent, it is necessary to select five points within that range.
The original 5-kg sample will have a moisture content scmewhere between
these two extremes; the other 4 sub-samples must be dried down or wetted up
to the selected percentages to complete the required range, which in itself
is a procedure requiring care and time.

Three replicate standard volumes of grain taken with a chondrometer
(the test weight container) according to the instructions provided by the
supplier are then weighed to the nearest 0.1 g and the mear weights of the
5 samples converted to dry weight plotted on a graph against moisture
content. This graph can then be used throughout the sampling period to
measure the dry weight of samples at any moisture content. The sample whose
weight is to be measured is sieved (the weight of sievings being considered
as losses if they are not used as food, or calculated back to the weight/
volume if they are), its moisture content is measured and sub-samples are
taken with the chondrometer three times. The samples are weighed, dry weight
calculated from the graph, and the weight change calculated by comparison
with the original sample at the beginning of the test period.

Error is introduced by factors affecting variation in packing and, hence,
volume of the chondrometer-sampled grain. These factors include high levels
of damage (which increases packing) and presence of insecticide dust (which
reduces packing) so that treated and untreated grain should not be compared.

The camparative weights of undamaged and damaged kernels gives per-
centage weight loss directly on the assumption that the undamaged portion
is completely undamaged. The disadvantages of this method beccme apparent
at high and low levels of damage: hidden infestation results in underesti-
mation of loss, because grains which have lost weight are included in the

undamaged group. At high levels of damage it may be difficult to identify
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and count damaged grains accurately among the debris. It also assumes that
insects choose grains at random, which for maize is not the case. Neverthe-
less, for unshelled and mold-damaged grains particularly, it provides a
useful means for estimating loss at moderate levels of infestation with a

minimun of equipment.

Other methods are variations of these procedures. The chondrometer
method is the preferred method as it has the highest accuracy when properly
carried out. It is neither simple nor rapid, however, and requires a fairly
high level of experience, if not of training, and a variety of ancillary

.-

equipment not readily assembled outside a laboratory.

Losses Caused by Fungi

The methods for estimating loss from insects are also applicable

to fungal damage. However, because of mold, a considerable proportion of
the grain rejected by the farmer is often discarded or used to feed animals,
since the presence of infected grain causes a drop in quality grading.
The impact of fungal infection on loss can be estimated by including the
separation of mpold damage from other types of damage during the analysis.
The quantification of "weight loss" when the loss is due to fungal
damage will depend on local practices in the use of the damaged material.
People accept or reject damaged kernels as local custom and hunger dictate.
It is desirable to make measurements in one country, or region of it, that
can be compared with measurements made elsewhere; in each situation
acceptance-rejection limits should be defined in terms of a widely used
language. Despite the difficulty, these limits, based on information

from interviews, must be quantified.
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L seems likely that methodology for fungal damage estimation will
need to be somewhat separate from that for insect loss, but since the two
are frequently interrelated and interacting, the degree of separation needed
is currently uriclear, and likely will be situation specific. In sampling,
allowance must be made for differences in moisture content of infected

and uninfected samples.

The hidden effects of moldy grain that may be cons'med are more dif-
ficult to assess because of the possible presence of toxins and the tendency
for repeated consumption of infected grain to cause chronic illnesses. These
will lead to a reduction in output by an affected person and may be likened
to the effects of nutritional loss.

Losses caused by fungal contamination can arise through:

1. The rejection of food because of visible fungal contamination or
fungal damage.

2. The rejection of food (which may well not be visibly contaminated
with mold) because of its mycotoxin content.

The mycotoxin contamination of food can arise from:

a. The direct fungal contamination of the food;

b. The consumption of mycotoxin contaminated feed by animals
leading to contaminated animal products (e.g., meat, milk).
Rejected food is often used as animal feed.

3. A decrease in the yield of food:

The ingestion of contaminated feed can reduce the productivity of
animals (e.g., drop in milk yield). Sufficiently high doses of mycotoxin
will often result in death.

4. Acute and chronic illness caused in humans by the ingestion of

contaminated food.
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Because of the increasing awareness of the mycotoxin (especially aflatoxin)
problem, there is a corresponding increasing likelihood of food rejection
occurring. A rapid method exists for observing aflatoxin in maize (util-
izing the BGY fluorescence) and groundnuts are routinely sorted using
electronic color sorters. Established assay procedures also exist for the
analysis of a wide range of foods and feeds for aflatoxin and other myco-
toxins.

Recent examples of food rejection, after analysis, include *%-
rejection of large quantities of corn in Zambia and of shipments of wheat
in Pakistan and Bangladesh.

In some West African countries the groundnut crop contributes
greatly to the GNP of the country and therefore food and feed losses can

represent severe economic losses.

Losses Caused by Vertebrate Pests

Losses caused by vertebrates such as rodents and birds are

difficult to assess directly, since they remove grains from the store.
The usual method of estimation is to blame vertebrate pests for all lnsses
that cannot be accounted for in any other way. It is difficult to obtain
an accurate estimate without accurate weighing of the grain throughout the
season.

Another method is based upon an estimate of the pest population,
usually by trapping methods, and consumption trials conducted with
captured animals to obtain a figure of daily food intake. However,
allowances need to be made for situations in which the store is not the
only source of food and also to account for the difference between unlimited

food supply in the consumption trial and the foraging required in the field
situation.
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Studies carried out under warehouse and village conditions have
shown that rodent populations can probably best be estimated by combining
a number of techniques, including baiting, rodent sign survey, trap-
release-trap, and consumption of poison baits. In captivity the roof rat

(Rattus rattus) has been found to consume 8-12g of food grain/day; the

house mouse (Mus musculus), 3-5g/day; and the bandicoot rat (Bandicota Spp. ),

25-30g/day. While consuming the food, the rats also contaminate an esti-
mated 10 times more food with urine, feces, hair, and saliva (Urs et al. s
1977).

These estimates are difficult to extrapolate with confidence because
they neglect the fact that rodents often hoard amounts of food many times
greater than they actually consume. Thus, predictions of losses from
rodent population estimates are likely to underestimate actual food losses
(Frantz, 1972).

Postharvest losses due to rodents have been summarized by Hopf et al.
(1976). Estimates of damage are quite variable and range from 0.5 percent
to 60 percent. Amounts ar. given in some cases, with India reporting
approximately 11 million tonnes lost annually with a value estimated at
over $1,000 million.

Postharvest losses due to birds are likely to be of relatively
minor importance compared to Preharvest losses to birds and postharvest
losses to other factars. Exceptions occur where grain is left in the field
after harvest or spread in the open to dry for long periods, or where stores
allow birds access. Other than figures of weighing before and after,
including all sources of loss, there is little information on postharvest
loss to birds per ég_. Guggenheim (1977) reports distinguiching bird damage
from insect and rodent damage in millet on the cob by observation of the

marks on the ear.
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Losses Due to Handling and Primary Processing

These are losses which may occur at the following stages of the
grain postharvest system:

° threshing

°® drying

° bagging, or placing threshed grain in other containers

° transport from field to Storage
transport to mill
milling, which may involve several processes and stages
transport from mill to storage or market

These losses should be determined by weighings before and after the
particular step, or weighing the amount of grain or grain products in food
and non-food categories. In many cases, appropriate methodology will have
to be developed to meet particular local handling procedures, as grain is
moved from field to store, mill and home by different methods. Links in
the chain are points of potential loss to be investigated.

There is very little published information on postharvest grain
losses during transportation. Yet, any transfer of grain from one stage
to another implies the possibility that loss can occur.

There are three aspects of this section of the problem:

1. Handling of crops between harvest, threshing, storage, and
milling.

2. Where transportation is a function allied to storage-~"moving
storage"-~during which loss may occur due to continued deterioration of,
for example, bagged grain in transit; or to spoilage of bagged grain which
is exposed to rain, for example, during transportation; or spillage due
to container damage, or inefficient transferrance of grain in transportation.

The use of hooks to handle sacks of grain in port facilities is a frequent
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glaring example, but the use of old sacks from which grain leaks, and which
permits pests access, is perhaps even more important.
3. Where loss is attributable to absence or inefficiency of trans-

portation facilities, and limited access to alternative market possibilities.

The limited information available about these aspects provides
little wisdom regarding food loss. As we have earlier concluded, it is
probably not productive to pursue maldistribution as a source of postharvest
loss of grain, since this involves many non-technical factors affecting
many things in addition to the postharvest enviromment. It is much more .
relevant to postharvest losses of perishables due to the overriding
importance of moving the commodity to the market as quickly as possible
after harvest.

Clearly, attention should be given to transportation problems in

the interest of overall security and efficiency of delivery of food supplies.
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Chapter 4
Cereal Grains and Grain Legumes

As noted earlier, the knowledge about the nature and extent of
postharvest losses is much more extensive for cereal grains and grain
legumes than for other commodities.

There are a number of reasons for this. In most societies, the
durable commodities are (or have been) the most important in terms of
quantity produced. They are traditionally stored, and security or survival
has depended on keen attention to this process. This has been less true
in the case of the nongrain staples. It is easier to protect dormant dried
grain from external attack by insects or rodents than it is to prevent
physiological deterioration or fungal attack of perishables. Perishables
are often seasonal crops that provide a relatively constant supply of
(different) fruits and vegetables without storage. Many grow with minimum
attention; their husbandry is therefore much less important and demanding
than that of durable staples.

The bulk of harvested cereal grain and legumes passes through a
fairly well-defined series of steps--the postharvest system. After harvest,
the crops are threshed or shelled, dried, stored, and finally processed. Each
camodity has its own variation in this process and some have additional
steps that enlarge the system (rice parboiling, for example), but there
are enough similarities in the flow of durables through the system to

enable generalization about loss problems. The first part of this chapter
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is concerned with these problems; the second part will be a discussion of

loss factors specific to the individual comnodities.
General Causes of Postharvest Grain Loss

Preharvest Fictors

The genetic characteristics of a grain variety greatly influence
the postharvest losses it may incur. Traditional varieties are generally
well adapted both to their usual environment and to postharvest handling.
The grains which survive storage and are used in subsequent seasons have
evolved characteristics that favor their survival. These may include,
for instance, lower moisture content in the ripe grain, which then dries
more readily, and thicker seed coat for repelling insects and rodents.

Introduction of varieties selected fop high yields has resulted in
greater postharvest losses where the new varieties are not as well adapted
to the postharvest conditions as traditioral varieties. This problem
should be a consideration both in selecting high-yielding varieties and
in providing for their postharvest treatment.

Damage to the growing crop may affect its postharvest characteris-
ties, as may crop protection treatment prior to harvest. In particular,
insect infestation of a maturing crop may increase its vulnerabili‘q; to
loss after harvest; however, residual insecticide may reduce the extent

of postharvest insect damage.
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Harvesting Factors

The time of harvesting has an important effect nn the subsequent
storage quality of the grain. Typically, the harvest may be begun before
the grains are fully ripe and may extend until mold and insect damage are
prevalent and shattering has occurred. Grain not fully ripened contains
a higher proportion of moisture, and will deteriorate more quickly than
mature grain, because their enzyme systems are still active. If the grain
remains in the field after maturity, repeated wetting from rain and dew
at night, along with drying by the hot sun by day, may cause grain to crack
(particularly long-grain paddy) and may increase the likelihood of insect
damage (particularly in maize, paddy, and pulses).

Crops standing in the field after maturity become more liable to
harvest losses. Ripened grain is more likely to be shattered onto the
ground during harvesting. Maize loss may result from the loosening of the
husk after it is ripe and subsequent mold infection or insect attack. The
probability of insect infestation in the field is also likely to increase
if the crop stands too long, as is loss to rodents, grain-eating birds, and

‘other vertebrates.

Threshing and Shelling

Traditional methods of threshing to separate grains from the plant,
such as use of animals to trample the sheaves on the threshing floor--or
the modern equivalent using tractor wheels--may result in loss of grain
not separated. This method also allows impurities to become mixed with

the grain, which may cause subsequent storage problems. The use of flails
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to beat the grain from the stalk may also damage the grains or kermels and
is not always effective.

Threshing and shelling will contribute to losses if carried out in
a manner that results in cracking of grains.

On the other hand, modern devices fop threshing and shelling may
be used incorrectly, or for a crop for which they were not intended, with

excessive breakage of grains.

Drying

Drying is a particularly vital operation in the chain of food
handling, since moisture may be the most inportant factop determining
whether, and to what extent, grain will be liable to deterioration during
storage.

Drying is used to inhibit germination of seeds and to reduce the
moisture content to a level that prevents the growth of fungi and bacteria;
it can also retard attacks on the grain by insects and mites.

In developing countries, the methods available to farmers for drying
Crops are often limited, usually to a combination of sun- and air-drying,
although supplemental heat is frequently employed. In many cases, seed
grain may be treated Separately from food grain and with greater care.

Drying is a complex process requiring considerable skill and effort on

the part of the farmer; the success with which the grain is preserved over
shorter or longer periods deperds to a great extent on the care and attention
given to the drying and subsequent storage. Drying is often complicated

by the introduction of high-yield varieties that mature and must be harvested

during wet seasons or by production of a second, irrigated crop ("double-
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cropping") that must also be harvested during the rains. In these cases

the grain requires artificial drying. The increased production of high-
yield varieties and their differing characteristics may also tax the
farmer's ability to handle the grain properly by traditional methods.
Consequently, a new drying and storage procedure must be adopted or the

crop must be sold undried. The alternative may be to forego the new variety.

Overdrying~-which can easily occur in arid regions or after excessive
exposure to sun or other heat--can cause breakage, damage to the seed coat,
bleaching, scorching, discoloration, loss of germinative power, and nutri-
tional changes. Too-rapid drying of crops with high moisture content alse
causes damage; for example, bursting (or "case-hardening"), which causes
the surface of the grain to dry out rapidly, sealing moisture within the
inner layers. Under-drying or slow-drying (a problem in humid regions)
results in\deterioration due to fungi and bacteria, and, in extreme cases,
leads to total loss.

Solar technology for artificial drying is receiving attention because
of its negligible costs in comparison with traditional fuels, which are
becoming not only expensive but, as in the case of firewood, are adversely
affecting the environment. However, the fundamental prcblem with solar
devices is that they do not operate effectively when they are most needed--
to dry grain which must be harvested during a wet spell or during the rainy

season.

The Peace Corps-VITA manual, Small Farm Grain Storage (Lindblad and

Druben, 1976), contains descriptions and instructions for constructing a
variety of improved grain dryers--a pit oil barrel dryer, an improved maize
drying and storage crib, a dimple batch-type rice dryer, and a number of

simple solar dryers.
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Clearly, particular methods of drying must be selected for the
particular climatic, economic, and social circumstances in which they
will be used. This is especially true where existing drying methods
have evolved over long periods of time to meet community and family sur-
vival needs. Alternative methods should not be recommended without
awareness of all rossible consequences to the farmers. Problems affecting
the selection of drying methods are discussed in the next section of this

chapter, in the context of individual commodities.

Storage losses

The extent to which deterioration and loss occur in starage depends
on physical and production factors, the storage enviromment, and biolog-
ical factors. Physical factors which contribute to storage loss have been
discussed in the previous section.

In addition, physical damage to the crop during harvest may also
affect storage. Undamaged cowpea pods, groundnut shells, and the husks of
paddy grains also afford the crop a noticeable degree of protection fram
infestation bv most insect species, though the space sccupied reduces the

volume that can be stored.
Storage Environment

Storage conditions have much to do with the rate of deterioration.
High temperature and humidity encourage mold formation and provide suitable
conditions for rapid growth of insect populations. Deterioration is

minimal in cool, dry areas; mare marked in hot, dry ones; high in cool
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and damp conditions; and very high in hot, damp climates. Climatic
conditions during and after harvest affect the ease with which natural
drying may be carried out and may dictate the need for artificial drying.
Seasonal and/or diurnal temperature differences between stored grains

and the surrounding environment can result in moisture translocation or
migration amore quantities of bulk or bag-stored grains or in condensation
of moisture on the grain. Concentration of moisture in grain can lead to
conditions favorable to the development of fungi.

Some climates lessen the residual activity of certain pesticides
and can reduce the effective life of storage containers and structures.
Different structural materials may alter the effectiveness of different
formulations of a given insecticide.

Deterioration is also related to storage method and management.

For example, cob maize stored in open-sided cribs takes up moisture more
rapidly during the rainy season than shelled maize in mud-walled cribs,

so that conditions for rapid insect development are produced earlier in
the storage season. On the other hand, properly designed open-sided cribs
will allow relatively rapid drying of unhusked ears of maize and reduce
losses due to mold. Traditional pest control methods often have an effect
on infestation levels. For example, some farmers storing pulses and
larger grains will admix a smaller seed or sand with the grains to fill
the intergranular spaces. This effectively inhibits the development of
bruchid beetles. Other farmers use a fire under their storage cribs to
repel insects, either through the effect of the smoke or by keeping the
grain dry. The admixture or overlay of ashes derived from burning various
woods or dried animal dung is another method affording protection from

insect attack.
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Biological Factors

The principal biological agents of deterioration during storage
are insects and mites, fungi, and rodents.

losses Due to Insects and Mites. Insect pests are a greater prob-
lem in regions where the relative humidity is high, but temperature is
the overriding factor that influences insect multiplication. At tempera-
tures of about 32°C, the rate of insect development is such that a monthly
campound increase of 50 times the present number is theoretically possible.
Thus, 50 insects at harvest could multiply to become more than 312 million
after four months.

The nutritive requirements of insects are much the same for insects
as for vertebrates. Crops with the highest nutritive vaiues for man are
also those most susceptible to damage by insects. In certain cases, farmers
may keep only small amounts of & rutritious Ccrop such as beans because they
believe damage and loss to be inevitable. Furthermore, insects often select
the most valuable portion of seeds. For example, four impocrtant pests of
maize attack the embryo and reject the starchy endosperm, thus removing
the most nutritive part of the grain as well as destroying the power of
germination.

Weight loss is of economic as well as nutritive importance and, in
the absence of effective control measures, insect attack on cereal grains
and beans can be so severe as to reduce the commodity to empty husks and
dust. Large numbers of insects can be expected to produce heavy weight
losses, and the resulting contamination by dead and live insgcts and their
excreta can be sufficient to make the cammodity completely unpalatable and

unacceptable in the market.
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Termites in a grain store can weaken the structure, leading to its
collapse. They will also readily attack the grain.

Table 4:1 below, prepared by entomologists of the Tropical Products
Institute, shows the main insects and mites that attack and damage stored
cereal grains and pulses.

Control measures, whether o." not insecticides are available, depend
first on storage hygiene. Storage containers must be carefully checked
and cleaned as carefully as possible. 01d stored grain should be checked
and if necessary redried and cleaned to control existing infestation. New
dry grain should be kept separate from old stored grain because of the
risk of cross-infestation. Similarly, stores should be as remote from the
field as possible to reduce the risk of infestation. In addition to store
pests, it must be assumed that new grain is infested from the field and
control must include a regular system of inspection and deterrence to
maintain storage hygiene and take measures where infestation is observed.

Traditional pest-control systems not involving insecticides are
adapted to local circumstances. Use of local herbs, mixing ash with grain,
and smoking are effective and should be encouraged. As previously stressed,
every effort should be made to build on traditional technology and innova-
tions should be undertaken with understanding of the social and economic
implications. This is particularly important in the case of insecticides
that present severe health hazards and have other environmental, ecological,
economic, and social implications (such as overoptimistic expectations
that new technologies will solve all problems and remove all need for

traditional efforts).
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STORAGE PESTS OF GRAINS AND PULSES

Order Family Name Commodities
Coleoptera Dermestidae * Tropoderna granarium Everts Cereal grains and prod.:ts
Anobiidae Lasiodermn gerricorne (F.) Cereal grains and prodicts
Bostrichidae * Rhyzojertha dominica (r.) Cereal grains and produ:ts
Trogossitidae Juphocateres pusillus (Klug) Cereal grains
Tenchroides mauritanieus (L.)  Cereal graing and prod.:ts
Nitidulidae  Carpnphilus dimidyatus (r.) Cereal grains
Cucujidae Cryptolestes ferrugineus (Steph,) Cereal grains
€. punillus (Schoen.) Cereal grains
Silvanidae Ahasverus advena (Waltl) Cereal grains
Cathartus guadricollis (Guer.) Cereal grains
9ryzaephilus mercator (Fauv.) Cercal grains
0. surimunensis (L.) Cereal grains
Mycetophagidae Typhaca ntercorea (L.) Cereal grains
Tenebrionidae Alphitobius diaperinus (Panz.) Cereal grains and products
A. laevigatus (F ) Cereal grains and produ.ts
Gnatocerus cormutus (F.) Cereal grains
G. muxidloan (F.) Cereal graina
Latheticua oryrae Waterh Cereal grains and produ.:s
Palorus ratzeburgil (Wisom,) Cereal grains and pulses
P. subdepreesug (Woll.) Coreal grains and pul_es
* Iribolium castaneum (Hbst.) Cereal grains, grain prcducts
and pulses.
* T. confusum Duv, Cereal grains, grain products
and pulses.
Bruchidae  * Acanthoscelides obtectus (Say) Pulses (esp. beans)
* Callosobruchus chinensis (L.) Pulses (esp. peas and grams)
% C. maculatua (F.) Pulaes (esp. peas and grams)
* Zabroten gubfanciatus (Doh,) Pulsen (eap. beans)
Anthribidae Araccerus fasciculatug (Deg.) Qereal grains
Curculionidae * Sitophilus granariug (L.) Cereal grains
* S. oryzae (L.) Cereal grains
* S. zeamais Motech. Cereal grains
Lepidoptera Gelechiidae * Sitotroga gerealella (01.) Cereal grains
Pyralidae * Coreyra cephalonica Staint. Cereal grains
* Ephestia cautella (Wlk.) Cereal grains and products
E. elutella (Hbn.) Cereal graina and p oductd
E. kuetniella Zell. Cereal pmducts
Plodia interpunctella (Hvn.) Cereal grains and products
Acaring Acaridae Acarus siro L. Cereal productn

* Major pest specios

Tyrophagus putrescentiae
Schrank

Cereal grains, grair
products and pulses
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Many insecticides are becoming widely available in developing
countries as their application is encouraged by suppliers and extension
services. Some are more hazardous to humans, and potentially so to the
ecology, than others, but all should be used with great care. Some can
be used in a strength on seed grain that would be impossible on food
grain.

The grain-storage insecticides are of two main types:

° Contact poisons such as dusts, dispersible powders, and emulsions.
Some insecticides, such as BHC, are quite stable and have long residual
action; others, like malathion, usually have little residual action and
are used where human consumption of the grain precludes use of longer-acting
chemicals. Some compounds may be mixed with grain at the time of storage,
while others are used for spraying storage containers or bagged grain.

The level of application and its timing in relation to expected human
consumption are major problems for extension servicec seeking to improve
insect control in rural grain storage.

© Fumigants, which are gases, can penetrate bulks of grain and kill
insects and their larvae living within grains. Their drawbacks are that
all fumigants are safe only when used by trained personnel and that they
have no residual action to protect grain from subsequent reinfestation. A
first requirement is imprcvement of the methods of application and more
careful monitoring of insecticide use to achieve maximum control of infesta-
tions. Reports of insect vesistance to chemical insecticides are increas-
ingly encountered. Awareness about the use of chemicals is also increasing
and there has been renewed interest in traditional nonchemical control

techniques and in developing alternative approaches to pest control.
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The principal methods of coping with insect infestations involve
cultural contral or manipulation of the environment to make it less favorable
to the insect; breeding resistant crop strains; using natural enemies of
insects such as parasites, Predators, and disease vectors; sterilizing
insects to interfere with normal reproduction; and using attractants and
repellants.

Cultural control and inbred resistance are not new techniques.
Traditional methods of controlling insects in storage involve mixing sand,
limestone, ash, or herbs with the grain; in addition to forming a barrier
against movement of the insects through the grain, they abrade or absorb
the wax coating of the insect's protzctive cuticle, causing a loss of
body moisture. In many areas insects (and rodents) are repelled by smoke
from small fires, used either within granaries to decontaminate them
between harvests, or under granaries constructed of permeable materials
such as woven plant fibers. The fire also assists grain drying in situ.
In other areas, stored grain is inspected frequently and redried in the
sun if insects are observed. Hermetic storage, with grain sealed in
impervious containers, is highly effective in excluding insects. However,
the system is difficult to maintain for large quantities and 1s usually
confined to relatively small amounts of seed grain. (See Note IV-1.)

Along with investigations of newer possibilities for nonchemical
biological control, traditional methods of cultural control should receive
greater attention to increase understanding of their underlying biological
basis. The knowledge gained about both approaches can form the basis of
more effective and safer methods. Since the methods are dependent on
manipulation of the ecology to the detriment of the insects, they are

highly location-specific, which increases the requirement for research
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and adaptation of techniques to local circumstances. This will require
long-term study, making it unlikely .iat there will be alternatives to
replace or greatly reduce insecticide use in the near future.

Losses Due to Fungi. Fungal attack in storage generally occurs
when drying has been inadequate, when large numbers of insects are present,
causing a temperature rise in the grain, or when the stored crop is exposed
to high humidity or actual wetting. Fungal development does not normally
take place when the moisture content of the commodity is below that moisture
content in equilibrium with a relative humidity of 70 percent. In recent
years, attention has been given to the toxic products of certain fungi,
such as aflatoxin and zearalenone, which are metabolites of the fungi

Aspergillus flavus and Fusarium moniliforme. Mycelia penetrate the endo-

sperm of grains removing nutrients. In many cases the embryo is attacked
first and eventually destroyed.

Fungal spoilage is more serious in those regions with a permanent
high relative humidity or where a season of high hunidity coincides with
the time when grain is being dried or kept in store. Microorganisms may
multiply and create heat that can increase in unventilated grain to the
point of complete destruction. However, losses due to fungi are reduced
as a result of improvements in drying and storage technology and do not
need to be treated separately.

, Losses Due to Rodents. Rodent damage to stored food can occur in
a number of ways. The animals not only consume the food (damage to maize
grains is characteristic in that the embryo is usually removed first), but
also foul a large amount with their excretions (which may carry micro-
organisms pathogenic to man), destroy containers by gnawing holes that

result in leakage and wastage of grain, and paw into and scatter grain
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while they eat. This scattered grain, along with that which leaks from
gnawed holes, is subject to contamination and admixture with Impurities.
Damage to grain stored in bulk may be much less than to grain stored on
the head or in bags because rodents are unable to burrow into the bulk.
These problems have recently been reviewed by Hopf et al. (1977)
in a report prepared by the U.K. Centre for Overseas Pest Research and
the Tropical Products Institute. This report analyzes extensive informa-
tion provided by a number of governments. It concludes that, in most
countries, very little is known about the extent of the problem, although
some countries with high losses, for instance India, have considerable
expertise in this area and allocate large resources to rodent control.

The three main species of rodent are:

° Rattus norvegicus, the Norway, common, or brown rat,

° Rattus rattus, the roof, ship, or black rat; and

® Mus musculus, the house mouse.

Other species, such as the bandicoot rat (Bandicota bengalensis) are important

pests in particular areas. Locally other species can assume greater importance.

Control of Rodents. Few techniques for rodent control are used and
include the following broad categories:

° Rodent exclusion efforts in store construction;

° Improved sanitation; removing food and harborage from the surround-
ing environment or reducing it to the minimum practical;

° Poison baiting, including use of the anticoagulants such as chloro-
phacinone, warfarin, coumarin, diphacinone, and counatetralyl, and acute
poisons such as zinc phosphide, barium carbonate, red squill, and vacor;

° Fumigation, with phosphine or other gas;



91

° Trapping and hunting;
° Use of cats and dogs, and

° Rodent repellants.

Estimates of the effectiveness of these techniques are mixed,
sometimes even contradictory within the same country. Results depend on
the thoroughness with which the control technique is applied and the
length of tiwe 1t operates. Control usually is more effective when a
combination of methods is used, particularly those that prevenrt access
to food. Yet, the persistence of the situation 1s obvious in a report
on the rodent problam in Israel, where it is fully recognized and control
is vigrrous and well organized, but where the estimated loss to orops in
the field remains at 5 percent. The problem must be approached with the
recognition that store rodents cannot be controlled unless {ield rodents
are also controlled.

Observations from the People's Republic of China indicate that
well-organized rodent exclusion, together with sanitation and field control,
may have been rather successful; no published figures are available.
Traditional and molern grararies are reported to be protected by detailed
attention to cleanliness, by physically isolating the granary and by lay-
ing concrete on the area around and underneath the granary (which introduces
aspects of behavioral control), and by providing rat barriers at points
of potential access.

New rcdent control technologies, even simple ones, may meet consider-
able resistance at the farm and village level. For instance, local accep-
tance of baffles fitted to traditional storage containers has been slow,

at best. In this and similar cases, more research may be neec~d to determine
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whether such unpopular solutions to problems are the most effective. There
are also reports that rodents are becoming resistant to rodenticides, although
there is little evidence from tropical regions and research on this aspect of

control is also indicated.

Although many countries fully recognize the seriousness of food
loss caused by rodents-~as do India, Israel, and China, as we have seen~--
the editors of the report of the Centre for Overseas Pest Resea'ch conclude
that "the one single fact which emerges most clearly from the survey is
the widespread ignorance of the magnitude of the rodent problem, and of
means to cc;nml it."

We have discussed the storage of food staples in terms of the major
causes of storage losses. However, a discussion of storage would be
incomplete without a sumary of the actual methods now in use and the ways

in which these might be improved to cut waste.
Reduction of Storage Losses

Having discussed the physical, environmental, and biological causes
of grain loss in storage, we now turn to methods of reducing storage loss.

In developing countries, storage on the farm is an important element
of the traditional farming system (the subsistence op normarket sector and
the semisubsistence or farm-to-village market sector). It is essential
both for conserving seed for the next planting and for stockpiling staples
to feed the farmer, his family, and his livestock until the next harvest.

Sound storage practice has three elements:

° Proper preparation of the grain for storage, including drying and,
where possible, separating out any infested or spoiled grain and other

impurities;
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° Sound storage structures that provide protection from moisture
(rain ind ground moistur:) or excessive drying and a barrier against
insect and rodent pests and theft; and

° An appropriate system of monitoring the quality of the stored

grain and treating and handling it while it is in the store.
Traditional Storage Practices

Traditional systems have evolved over long periods of time to
satisfy storage requirements within the limits of the local culture.

Grain for seed is frequently sealed in gourds or clay containers and kept
in the house. Larger amounts of grain for human and animal consumption
are stored in containers constructed of plant material, mud, or stones,
often raised off ths ground on platforms and protected from the weather
by roofing material. The design and materials vary according to local
situation and custom.

However, with the exception of sealed containers (including under-
ground pit stores in drier areas that control insects by limiting the
supply of oxygen), the iraditional structures provide only limited protec-
tion against insect and rodent damage, particularly in areas where the
climate is warm and humid or where grain is stored for extended periods.

These traditional grain storage systems have evolved slowly by
natural selection and provide reasonable storage security for the traditional
farmer. This dnes not mean that losses are necessarily low; it does mean
that the risk of large-scale losses is minimized under traditional decen-
tralized storage systems.

Subsistence or traditional farming systeme are being improved by

the introduction of high-yielding varieties of grain, which farmers are
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encouraged to grow. However, as a consequence of increased production
the traditional storage system is proving inadequate not only in capacity,
but also in protecting grain from damage, since the new varieties may be
more susceptible to insect attack.

There are three approaches to solving the traditional storage system
broblem:

° Improving small-scale on—farm storage;

° Centralizing grain storage with efficient collection, and drying
and large-scale stores; and

° Breeding new varieties that are less susceptible to loss in storage.

Of these approaches, the last two are important long-term possibilities with
political, social, and economic implications that are largely outside the
scope of this report. They will require expanded research efforts, particu-

larly on socioeconomic aspects of centralizing storage.
New On-Farm Starage Practices

In recent years this aspect of postharvest technology has been
receiving considerable attention. In East Africa, adaptations have been
made to the traditional design, for example, by fitting "rodent haffles"
(Kenya and Malawi) or mud-plastering cribs for the storage of shelled
grain (Zambia and Malawi).

In Guatemala, India, and Swaziland prefabricated corrugated or plain
(flat) metal tanks have been in use fop storage for &« number of years.
These tanks permit fumigation of the grain with hydrogen phosphide tablets,
reduce the probability of reinfestation by insects and rodents, and reduce
the rate of uptake of moisture. In Swaziland at least 40 percent of farmers
were using them by 1976.
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Improved grain bins have not met with the same success in Ghana
and Zamhia, where concrete stores proved unacceptable to farmers because
of rising costs, the shortage of materials, and difficulties in construction.
A more recent approach, adopted in Zambia, is to produce a cheap easy-to-
construct container, using readily available materials. The container,
known as the "ferrumbu," incorporates the features necessary for safe grain
storage and should be affordable by emergent commercial farmers.

In Southeast Asia, metal storage containers have been introduced on
a fairly wide scale. Problems have been encountered, however, with drying
rice adequately before storage and providing adequate ventilation and pre-
venting stored rice from taking up moisture from the humid atmosphere. These
problems were assigned high priority in reducing losses of stored rice
in Southeast Asia.

Small-scale on-farm grain storage technologies have been compiled by
Lindblad and Druben (1976) in a very useful compendium that has been made
widely available to developing countries through the U.S. Peace Corps and
Volunteers in Technical Assistance (VITA).

The Lindblad-Druben manual includes discussion of the advantages,
disadvantages, and construction of various grain-storage methods, including:

°® Traditional basket storage;

° Bagged storage;

° Airtight storage--underground pits, including "Thailo" (ferrocement-
lined traditional Thai grain silo), plastic sack storage, metal drums and
bins, and sheet metal silos;

° Earthen structures--mud brick silos; and

° Cement/concrete--cement stone eilos, including cooperative cement

silos.
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The selection of storage methods depends on the climate, commodity, and
social and economic characteristics of the particular situation. While
improved storage is a prerequisite for sustaining production increases
without incurring increasing postharvest losses, the improvements must be

carefully attuned to economic, social, and cultural realities.

Losses During Processing

losses during primary Processing include:

° Losses in threshing and milling;

° losses in parboiling; and

° Losses in further processing (baking, brewing, canning, packaging,
etc.) which are important but are not central to the focus of this study.

There is a tendency for processing losses to increase as larger
amounts of crop are produced and strain the capacity of the traditional
Processing system. Maize traditionally shelled by hand, for example, may
be placed in sacks and pounded with a stick to detach the grains from the
cob. Mechanical Processing is generally less efficient than manual pro-
cessing, both because it is incamplete and because of damage to grains due
to their variation in size or poor adjustment of the machinery. The manual
Processing efficiency may be used as the standard against which the effi-
ciency of machinery is measured.

Processing losses are generally specific to particular crops and
will be dealt with under each comnadity. There are, hc sever, some general
loss problems resulting fram Processing. Attitudes towards hroken grains
vary from society to society; acceptability of off-color grain due to poor
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parboiling or drying varies. In many cases, this simply means that the
poorer members of society have the broken grains and dust, or otherwise
lower quality grain, and there is little loss. In Pakistan, the Council
on Scientific and Industrial Research has experimented with reconstituting
"whole" rice grains from broken grain and rice powder with good acceptance.
In many societies central milling facilities process grain brought
in by farmers for a price determined by the initial unmilled volume or
weight, and there is thus little incentive to reduce subsequent losses due
to poorly adjusted equipment or leakage and spillage. Payment may also be
in kind, with part of the milled product or the milling by-products going
to the miller. Where the society is affluent enough that these losses are
not consumed, the loss is comparatively unimportant to the central focus

of this study.

Individual Crop Loss Problems

Among the hundreds of food crops grown around the world, some two
dozen of them account for approximately 90 percent of all the food produced.
Table 1:1 shows the reported production werldwide and in the developing
countries of major food crops (according to FAO figures and definitions).

The cereals and legumes, the focus of this chapter, account for more
than half the world's production of food crops and have received most of
the attention in worldwide attempts to reduce postharvest losses. In the
main, developing-country cereals are rice, maize, wheat, sorghum, millet,
and barley. In this section they will be discussed in terms of the food

losses connected with them as separate commodities.
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Rice

Loss Estimates

Losses of rice in the postharvest food system (Table 4:2) are probably
as well characterized as for any crop. Yet, thiough there are reports of
much serious work, there is still uncertainty as to the magnitude of post-
harvest losses of rice because of variation in situations being assessed
and because of differences in methodolegy and definition.

On the other hand, these estimates may be approaching the level of
accuracy with which it is possible to assess losses on a large, nonexperi-
mental scale. There is also a fair level of consistency from country to
country in rice loss figures from similar situations. These are summarized
for Southeast Asia by De Padua (1974) and are quoted widely:

Harvesting 1- 3 percent

Handling 2- 7 percent
Threshing 2- 6 percent
Drying 1- 5 percent
Storage 2- 6 percent
Milling 2-10 percent

giving a range of loss from a minimum of 10 percent to over 30 percent.
Limited observations on rice in West Africa do not yet specify
detailed loss estimates broken down by stage; lLowever, the overall figures
are consistent whith those from Asia (FAO-ECA, 1976). Table 4:2 shows rice
weight losses by percentages Sor a number of developing countries or areas.
Rice is relatively difficult to process by hand or with simple
manual equipment, and processing is widely organized on a collective or
centralized basis, unlike most other grains in developing countries.
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TABLE 4:2

REPORTED LOSSES OF RICE WITHIN THE POSTHARVEST SYSTEM
(Based on FAO, 1977b, Figures Unless Otherwise Indicated)

Reported
Region Total National
& Percent Production
Country Weight Loss ('000 Tonnes) Remarks
West Africa 6 - 24 Drying 1-2; on-farm storage 2-10;
parboiling 1-2; milling 2-10
(van Ruiten, 1977)
Sierra Leone 10 580
Uganda 11 15
Rwanda aq 5
Sudan 17 7 Central storage
Egypt 2.5 2,300 (Kamel, 1977)
Bangladesh 7 18,500
India 6 70,500 Unspecified storage
3 ~-5.5 Improved traditional storage (Boxall
and Greeley, 1978)
Indcnesia 6 - 17 22,950 Drying 2; storage 2-5
Malaysia 17 - 25 1,900 Central store 6; threshing £-13;
c.13 Drying 2; cn-farm store 5; handling
6 (Yunus, 1977)
Nepal b - 22 2,404 On-farm 3-4; on-farm store 15
central store 1-3
Pakistan 7 3,942 Unspecified storage 5
2~6 . Unspecified storage 2 (Qayyum, 1977)
5-10 Unspecified storage 5-10 (Greaves,
1977)
Philippines 9 - 34 6,439 Drying 1-5; unspecified store 2-6;
threshing 2-6
up to 30 Malaysia workshop (FAO, 1977c)
3~ 10 Handling (Toquero et al., 1977)
Sri lanka 13 - 40 1,253 Drying 1-5; central store 6.5;
threshing 2-6
6 - 18 Drying 1-3; on-farm store 2-6; milling
2-6; parboiling 1-3 (Ramalingam,
1977)
Thailand 8 -~ 1y 14,400 On-farm store 1.5-3.5; central store
1.5-3.5
12 - 25 On-farm store 2-15; handling 10
(Dhamcheree, 1977)
Belize 20 - 30 2 On-farm storage (Cal, 1977)
Bolivia 16 113 On-farm 2; drying 5; unspecified store
7
Brazil 1-30 3,560 Unspecified store 1-30
Dominican 6.5 On-farm store 3; central store 0.3

Republic
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De Padua indicates that because of the complexity of the system
reduction of losses will require a combination of increased efficiency
at each step in the postharvest system and improved drying, threshing,
and milling technology.

Rice postharvest technology is described in detail in the publica-
tion of that title (Araullo et al. » 1976) published by the International
Development Research Centre (IDRC) and widely available. Details of the
stages of processing are described in so far as they relate directly to

postharvest losses and loss reduction.
Harvesting

The bulk of rice produced in Asia and Africa is still grown on
small farms and harvested by hand. Combine harvesters of the type used in
Europe and the United States are unsuited to small farms, and even the
smaller Japanese models have not gained wide acceptance due to high cost,
exacting field requirements, and high field losses which they cause.

Some major losses are connected with the time that rice is harvested;
that is, with the maturity of the crop and the effects of a season on
harvesting decisions: for instance, postponement of the harvest under
certain dry or wet conditions.

Delay in harvesting a mature rice arop - 2ads to lower yields
because of lodging and shattering and the exposure of the ripe grain in
the field to rodents and birds. It also leads to postharvest losses by
lowering milling yields and recovery of head grains. Introduction of new
quick-maturing varieties, in major part due to the breeding and management
research carried out at the International Rice Research Institute in the

Philippines, has enabled double-cropping (two crops per year).
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The summer or dry-season rice crop does not have to be dried quickly;
if it is left in windrows after reaping in good weather, there is little
damage to the grain. However, if semi-~dried grain is remoistened by rainfall
or a heavy dew, it may crack and high milling losses will result.

The rainy-season crop creates much more difficulty. To avoid signi-
ficant loss, the wet harvest must be threshed, cleaned, and d.ried within
24 hours unless predrying facilities are available. It cannot be left in
windrows or stacked in the field since this results in mold, fermentation,
and even germination. De Padua reports some farmers in the Philippines are
becoming reluctant to plant wet-season crops because of the threshing and

drying problems (TPI, 1978).

Threshing

Traditional threshing techniques are a frequent cause of loss. They
include:

° Beating the straws against slats through which the grain falls into
tubs or buckets; and

° Threshing by trampling with feet--human or animal--and occasicnally

by using tractor wheels, or (in Thailand) with a tractor-drawn roller.

The Japanese down thresher--an adaptation of the paddle wire loop thresher--
is widely used and has been the first step toward mechanization in India,
Bangladesh, and Burma.

The dry-season crop is frequently dried in the field in windrows or
stacks (such as the large rice stack, the "mandola," used in the Philippines)
and can readily be mechanically threshed when relatively dry. A variety of

mechanical threshers and cleaners is found in developing countries, frequently
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based on adaptations of United States or Japanese model combines, especially
in Asia,

The wet-season crop chokes many conventional mechanical threshers.
Further, the wet conditions make it difficult to bring threshing machines
to the field. Development of satisfactory mechanical wet-season crop
threshing equipment is a priority IRRI research activity, and a number of
double-drum threshers have been shown to work satisfactorily and are being
introduced commercially. In many areas the capital cost of these threshers,
and the training and organization their use entails, limits their widespread
use, although Samson and Duff (1.973) demonstrated the cost effectiveness of
mechanical threshing, drying, and milling over traditional methods in the
Philippines. Rice losses due to delayed threshing are likely to be reduced

as mobile mechanical threshers become more widely available.
Drying

Rice grain at time of harvest varies in moisture conteat from low
levels to over 30 percent, depending on the season. This must be reduced
to 13-14 percent if the rice is to be stored for any length of time.
Inability to do this quickly leads to rotting of the grain and reduction
in milling quality from high breakage. It also causes discoloration and
loss in quality due to fermentation and heat damage. Mold attack, including
possible aflatoxin production, may also lead to loss in quantity and quality.
Traditional sun-drying of Spread-out grain is an effective means of
reducing moisture in the dry season. Wet-season crops require forced air
drying with heated or ambient air. The commercial driers are designed
either to dry grain in batches, in deep or shallow beds in which the grain

may be stationary op mechanically circulated, or continuously in stages as
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the grain flows through the drier. The physical design and operating
characteristics, including such factors as air volume to grain volume
ratio and air temperature, influence the rate of drying and quality of
the dried grain. These mechanical characteristics differ for different
kinds of grain, and great care must be exercized in using a drier for a
grain other than the one for which it was designed.

This 1s particularly important in the case of rice, which is much
more sensitive to thermal stress than other grains and is eaten as whole
kernels. High temperature and low air-volume movement, while rapidly
removing moisture, result in fissuring and a high proportion of broken
grains when milled. The same rate of drying may be achieved at lower
temperatures with greater air flow--the important characteristic being
the vapor pressure differential between the drying air and the grain--at
less risk of damage to the grair.

Other characteristics of drying equipment to be considered include
time required to dry grain from high moisture content and peak volumes that
must be handled during the harvest season. The strength of the construction
material is important, as paddy rice is highly abrasive and rapidly wears
through sheet metal. Some parts of rice-conveying systems in the People's
Republic of China are frequently constructed of glass, which both counters
the wear and permits visual inspection of the rice flow.

In spite of the evident need, driers have not received wide accep-
tance in Asia and Africa. Factors mitigating against them include:

© The high capital cost of both imported and locally constructed
driers because the limited market has not led to the large-scale manufacture

that would reduce unit cost;
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° Unsatisfactory performance of some models and lack of experienced
operators, which has resulted in po?r milling of dried grain;

© Unmatched drying capacity with threshing, milling, and transpor-
tation capacities (with large-capacity central driers this also involves
difficulty in catering for many different varieties and grades received); and

° Delays in harvesting, threshing and transportation that reduce the
benefit of mechanical driers, since drying spoiled grain does not pay for

the investment.

For these reasons, it is agreed that the most immediate equipment
need is for low-cost batch-type farm driers locally fabricated from locally
available materials. This simple operation, properly carried out, gives
dried grain of good milling quality with a minimum of delzy, particularly
where the drier can be moved from the storage or milling plant to the farm
to reduce the delay between harvest and drying.

In certain situations, these small batch driers can be used to
camplement large central drying plants, particularly at the peak of the
harvest season when the grain has very high levels of moisture. They can
be used to dry the grain partially to around 18 percent, at which level
the grain can be kept for several days without significant bio-deterioration
before being centrally dried to the 13-14 moisture percent required for
storage and milling. An alternative possibility is to use a preservative,
such as propionic acid, which can retard spoilage of wet paddy for several
days before central drying.

The level of sophistication of the farm-level batch driers can vary
according to need, capital resources, and construction and operating experi-
ence available. Very simple driers can be built that are also designed to

burn rice husks, thereby reducing operating expenses. Natural ventilation
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drying methods similar to those used for maize should also be investigated.
The necessary credit for the farmers to purchase the driers must be
available and the infrastructure to support their use and maintenance.
This may include pricing policies which encourage production of better
quality grain; the profit incentive will stimulate adoption of the improved
technology.
Larger driers can be purchased commercially or designed and construc-
trd with expert advice from engineers of national agencies or international
organizations such as FAO, IRRI, or the West African Rice Development

Association (WARTA).

Milling

Because rice is mainly consumed as intact grains, rice milling, in
contrast to processing of other cereals, is a complicated process; a large
number of operations are required to produce white polished rice grain
from harvest paddy. (Rice is widely called "paddy" prior to milling, and
"rice" after milling, a convention followed here to distinguish between
the two forms.) These operations are parboiling. precleaning, hulling,
husk separation, paddy separation, and whitening and nolishing.

At each stage, losses are incurred due to the inherent efficiency
limits of the process and, of course, due also to inefficient operation.
Because these losses--and the processes themselves--are reported to be
priority areas for attention ard improvement, they are described in Note

Iv-2.
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Storage

Much of the traditional rice-growing area of the world lies in the
hunid tropics, with a climate characterized by high average‘temperatures
(around 30°C) and relative humidity (around 85 percent).

Under these conditions grain (whether stored as paddy or as milled
rice) at equilibrium tends to absorb moisture from the atmosphere at the
more humid times of day. Unless the storage is adequately ventilated,
spoilage may result from increased respiration of molds in the grain,
accampanied by local heating and possibly fermentation.

In ciosed structures, there can be a problem with condensation of
moisture, which may be given up by moist grain at the hottest part of the
day and condense on the walls during the night, causing local wetting of
the grain. Aeration (forced ventilation) permits equalization of moisture
content throughout the stored grain, and alsc reduces the temperature of
the grain by evaporation. The drop in temperature also cools the grain
and tends to reduce respiration and spoilage.

Paddy is cammonly stored either in the form of bundles of panicles,
in sacks or plastic bags, or in bulk storage. The sacks or bags provide
a means of separating varieties for specific milling requirements. Hcwever,
they deteriorate with use and allow access to insects and rodents, parti-
cularly if not properly stacked and handled with hooks and if t+e store
hygiene is not adequate. Bulk storage, if properly organized, is efficient
and relatively inexpensive. However, its efficient operation requires
considerable capital investment and trained manpower, both of which may

not be available.
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Storing rice as paddy has advantages over storing milled grain,
particularly where storage facilities are less than completely adequate.
The protection afforded the kernel by the husk against insect, fungal,
and even rodent attack as well as the problems of storing poorly milled
rice accounts for the bulk of harvested dried paddy being stored in this
form before milling, although this depends to some extent on the local
economic situation and supply and demand for paddy and milled rice at

different times in the season.
Washing Losses of Rice

Rice is commonly washed prior to cooking, and in Korea, Cheigh
et al. (1977) estimate weight losses due to washing lccal varieties of
polished rice at ovar 2 percent. While it can be argued that this is not,
strictly speaking, a postharvest loss as such losses are defined in this
report, since the food is in the hands of the final consumer and loss
takes place immediately prior to consumption, it has postharvest loss
implications. The loss of nutrients accompanying the total solids loss
is similarly not a postha: vest weight loss, but 1s clearly important. The
authors suggest that improved postharvest handling that delivers sanitary
rice to the household and makes washing unnecessary could minimize these

substantial losses.
Economics of Improved Rice Processing

Studies have been made at 1RRI on the magnitude and nature of field
grain losses in paddy production. Samson and Duff (1973) indicate different
levels of loss between varieties, wet and dry seasons, and moisture content

at time of harvest. A related series of trials investigated losses
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ascribable to handling, bundling, stacking, and field drying. Total
paddy losses are given as approximately 1-3 percent for the harvest
operation and 2-7 percent for the intermediate handling steps.

A comprehensive survey of rice milling and field level operations
was undertaken in three regions of the Philippines, including 180 rice
mills and approximately 600 farmers. Based on the results, a series of
pilot trials was undertaken to assess the impact of different systems of
technology at the farm and rice mill level.

These trials compared the traditional methods commonly employed
oy farmers (threshing manually and sun-drying prior to storage and milling)
with various systems of improved technology: mechanical threshing, batch-
drying, and combinations of each with manual threshing and sun-drying.

Losses fram manual threshing were found to be three times greater
than losses from mechanical threshing. Increases in yield of about
12 percent were observed using either the drier or thresher in combination
with traditional methods, and using both in sequence gave the greatest
increase in output. A large part of this increase is ascribed to the
reduction in time between harvest and threshing.

The improved technology also increased the quality of the grain,
largely reduction in broken, Fermented, discolored, and immature grains
due to the improved drying, and the reduction in time between harvest
and drying. Total expenditure per tonne was estimated to be twice as
high for traditional as for the improved methods evidently much favored

by farmers.
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Maize

Loss Estimates

The FAO-published figures (1977b) report average maize losses
from 9.6 percent to 20.2 percent, mainly in storage (either unspecified
or on-farm as opposed to central storage) and due mainly to insect
damage, followed by fungus and rodent damage. However, the data is
markedly inadequate, and as the FAO report concludes, "the estimates of
losses of durable commodities and the methods by which they are derived
were inadequately refined." Much painstaking work on farm-level maize
storage is of limited use in determining weight losses because of the
difficulty of measuring and interpreting losses due to "insect damage"
reported as a percentage of damaged grains. Adams (1977) notes the lack
of information from Central and South America in contrast to the consider-
able attention paid to cereal losses generally in most regions of Africa.

Maize presents particular problems of loss estimation because it
can be stored either on the cob or shelled, affecting the subjective
evaluation of what is edible. Storage on the cob enables a process of
selection at the time of shelling; individually damaged grains may be
separated as the grain is shelled, or the cob may be considered so heavily
damaged that it is rejected, good kernels and all. The correlation between
visible insect damage and weight loss varies according to the type and
length of infestation. Accurate estimates of losses are impossible unless
clear definition of these factors accompanies the numerical data.

The preferred methodology for determining maize losses involves
weighing standard volumes of shelled grain. Losses would be measured on

a dry-weight basis and reported on a typical moisture content that is
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acceptable in the market place. This moisture content should ideally
become a “standard" that would be widely adopted.
Table 4:3 gives an indicative campilation of reported estimates

in different countries.
Harvesting Factors

Postharvest losses are influenced by harvesting practice and field
infestation by pests.

In many areas, standard practice includes turning down the ripe
ears on the stalk, where they are left to dry further before collection,
in traditional varieties, the corn husk campletely encloses the grain and
protects it fram insect a’ttack: The husk also protects the ear from
exposure to moisture after it is turned down.

Resistance to field infestation by insects is low in many high-
yielding varieties. Increased grain production on the cob generally
results in both more and larger grains that may be incompletely covered
by the corn husk and are more susceptible to field attack by insects and
birds. The effects of these attacks may be carried over to the storage

phase.
Shelling

Damage in shelling is proportional to the moisture content of the
grain. Maize shelling is traditionally accamplished by hand and this
method, though hard, tedious, labor-intensive work, is efficient in strip-
ping the cobs and in minimizing damage to the grains; it also permits hand
separation of damaged or infested from sound grain. Increased production

increases the amounts of grain to be shelled and this can strain the
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TABLE 4:3

REPORTED LOSSES OF MAIZE WITHIN THE POSTHARVEST SYSTEM
(Based on FAO, 1977b, Figures Unless Otherwise Indicated)

Reported
Region Total National
3 Percent Production
Country Weight Loss ('000 Tonnes) Remarks
Benin 8 - 9 221 Traditional on~farm storage; 6 months
improved silo storage (Harris §
Lindblad, 1978)
Botswana 62 Insect damage
Ghana 7 - 14 395 (Rawnsley, 1969)
15 8 months storage (Hall, 1970)
Ivory Coast 5 -10 120 12 months stored on cob (Hall, 1970)
(Van de Venne, 1978)
Kenya 10 - 23 1,360 4-6 months central storage
12 Hybrid maize, hotter regions, 6
months (De Lima, 1973)
Malawi 6 - 14 1,200 Drying 6; on-farm store 8 (TPI, 1977);
(Schulten, 1975)
min. 10 Hybrid
Nigeria 1- 5 1,050 On~-farm storage
5.5 - 170 6 months on-farm storage (FAO:ECA, 1977)
Rwanda 0 - 20 60 On-farm storage
Tanzania 20 - 100 1,619 Unspecified storage
g, 14, 67 3, 6, & 9 months (Mushi, 1978)
Togo 5-10 135 6 months central storage (Tyagil et
al., 1975)
Uganda 4 - 17 623
Zambia 9 - 21 750 On-farm storage (Adams & Harman, 1977)
India 6.5 - 7.5 6,500 Central storage, 7.5 (Agrawal, 1977)
Indonesia Yy 2,532
Pakistan 2 - 7 70
Belize 20 - 30 20 Traditional on-farm storage (Cal, 1977)
Brazil 15 - 40 17,929 Farm storage
Dominican
Republic 19 49 Farm storage, 15; processing, 1
Honduras 20 - 50 289 Traditional storage, poor facilities
(Balint, 1977)
Mexico 10 - 25 8,945
Nicaragua 15 - 30 201
Paraguay 25 290 (Martino, 1977)

Venezuela 10 - 25 532
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capacity to shell the dried cobs by hand. Methods of shelling quantities

of cobs include beating bagged cobs with a stick, which results in increased
loss due to incamplete stripping of the cobs and damage to the grain. Mechan-
ical shelling losses are relatively low when the equipment is adjusted and
operated competently and grain moisture levels are low. Wooden hand-held
maize shellers developed by the Tropical Products Institute (Pinson, 1977)
offer an efficient intermediate-level technology to increase manual shelling
capacity. The sheller is shown in use in Figure 2. The dry maize cob is

held in one hand and the sheller in the other. As the cob is pushed into

the sheller, the ridges pull out the grain.

Figure 2.
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Drying and Storage

Harvested ears of corn are normally stored and dried at the same
time and these two functions should be considered together.

In developing countries there are a number of on-farm traditional
methods for drying and storage of maize.

In Ghana, for instance, these include the Ewe barn, a raised circular
platform on which ears are built up to form a cylinder and roofed with
thatch, and the Ashanti crib, a raised rectangular structure of wood or
bamboo that is also thatched. Losses are estimated at 7-14 percent over
3-6 months (Rawnsley, 1969).

In a number of places in West Africa and elsewhere, ears are hung to
dry from horizontal poles protected from the rain or from branches of trees.

In Kenya and Tanzania, stores for shelled grain are constructed from
woven branches and the basket structure supported by a strong platform raised
on poles or stones. In humid areas the maize is stored in a special loft
or crib over the cooking fire, which deters insects and reduces humidity.

In a number of countries storage baskets may be plastered with mud.
Sometimes they are campletely sealed to exclude infestation, in which case
it is usual to open the store periodically and redry the grain in the sun.

The use of hessian sacks for storing shelled grain is widely reported.
A limitation is that the sacks are vulnerable to insect, mcld, and rodent
damage when left on the ground in the corner of a hut for extended periods,
although this may be prevented by frequent inspection.

Other containers commonly used to store small quantities include

gourds, pots, tins, and small baskets.
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In general, the traditional methods of storage work well as long as
they are in balance with the rest of the farming system. The inherent
quality of local maize varieties, such as the hardness of the endosperm
and low moisture content, and storage on the cob with husk intact, all
help to protect the grain from insect attack. A long process of natural
selection has led to the swvival of varieties that provide a reascnable
return to farmers for their farming and storing efforts. This can be
seriously disrupted by introduced changes; in addition to new crop varieties
with their different grain properties, the amount of grain to be stored
generally increases and may place a strain on the traditional storage facili-
ties or on the time available to the farmer and his family for processing it.

Improvements to Traditional Drying. Drying is often a problem, parti-
cularly when, as in West Africa, the crop matures during a period of high
humidity and the effectiveness of natural drying of large quantities of
maize is uncertain.

The African Rural Storage Center at Ibadan, Nigeria, recommends the
construction fram locally available materials of improved drying cribs
designed to make best use of free ventilation drying effects. About four
months of arib drying of dehusked maize, to which insecticides are applied
externally, is the technique recammended over field drying or the storage
of shelled grain immediately after harvest. Crib drying reduces losses due
to both fungi and insects to about 2 percent after 4 months' storage. There

no evidence to show that small-scale mechanical driers are a good answer
to drying needs, and the fuel supply fram firewood ar fossil fuels makes
this method environmentally and economically less attractive than free

venilation methods for farm and village-level drying.
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(Photo of drying crib)

Nyanteng (1372) notes the problems of organizing cooperatives to
carry out drying and storage and the difficulties of introducing "improve-
ments" through grain marketing cooperatives in Ghana. The problems stem
partly from inappropriate technology and partly from poor management.

Reduction in losses due to insects has been reported when properly
dried maize is stored shelled. This controls Sitotroga by restricting its
movement through the bulk of the grain and its opportunity to deposit eggs.
In the shelled grain, damage is confined to the exposed surfaces. Sito-
philus is readily controlled by insecticides suitable for direct application
to grain, such as malathion. Crib drying with insect control, followed by
storing shelled grain in impervious containers, has been reported as a
successful combination for reducing losses in humid regions of West Africa

and Zambia.
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Wheat

The production of wheat continues to increase in the main producing
countries--India, Mexico, Pakistan--and the problems of harvesting, thresh-
ing, transport, marketing, storage, and processing have increased propor-
tionally. However, these have been accompanied by extensive efforts to
improve the postharvest system in these countries, and research, training,
and infrastructure are relatively sophisticated campared to other cammodities

in other countries.
Loss Estimates

Of loss problems suffered among all grains, relatively few of these
are specific to wheat.

Loss reports for wheat average 10 percent, with the major causes
being insects, rodents, and mcld during storage, particularly where over-
production has strained storage facilities to their limits. Rodents are a
major problem in India (as noted earlier in this chapter).

Milling losses are not reported to be a serious problem. As with
rice, they result fram inefficient operation or maintenance of machinery,
often due to inexperienced operators or difficulty in obtaining spare parts.
The roller milling of wheat grains is a highly complex technical process
that must be carefully adjusted to achieve efficient milling of wheat grain
to flour of various qualities, plus germ and bran. It differs fraom rice
milling in that the product is ground flour rather than intact kermels and
grain breakage is not a major issue. Unlike rice processing, wheat process-
ing is not reported to be an area where substantial postharvest loss ocours

ar that requires priority research and development in developing countries.
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With wheat, the primary need is careful precleaning prior to milling
to remove all damaged, spoiled, or infested grains and dirt and debris.

This ensures high-quality flour and protects the machinery from damage.

Threshing

Threshing and winnowing are still done in open yards rather than in
combines. The grain is exposed for an extended period; considerable losses
due to birds, rodents, and spillage occur, and losses due to high moisture,
molding, and fermentation may result if it rains. Inefficient cperation of
mechanical threshers breaks the grain and makes it more susceptible to insect

attack or threshes it incompletely.

Storage Problems

Inaddition to storage problems common to all harvested grains, wheat
may be rendered unfit for malting or bread making because of spoilage during
storage, particularly due to mold. Indian government reports on storage
losses of wheat (Krishnamurthy, 1972) give figures of approximately 2.5 per-
cent loss due to rodents and a slightly higher percentage due to insects.

Small-scale farm storage losses vary, but are typically around 10 percent.

Processing Losses

Use of wheat and wheat products is increasing in developing countries
in response to the demand for bread. However, wheat flour is put to other
uses besides bread. In & number of countries, unleavened bread ('hubus,"

"chapattis," "puris," etc.) is made from a variety of grades of flour.
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TABLE 4:4

REPORTED LOSSES OF WHEAT AND BRARLEY, MILLETS, AND SORGHUM
WITHIN THE POSTHARVEST SYSTEM
(Based on FAO, 1977b, Figures Unless Otherwise Indicated)

Reported
Commodity Total National
€ Percent Production
Country Weight Loss ('000 Tonnes) Remarks
WHEAT
Pakistan 5-10 8,500 On-farm storage 5-10; milling 2;
central store 5§ (Qayyum, 1977;
Greaves, 1977; Chughtai, 1977)
12 Unspecified storage
India 8-25 24,000 (Amla, 1977; Agrawal, 1977)
2-52 Farm storage to 45; threshing 1;
central storage 8
Rhodesia 10 2,571 On-farm storage (Howden, 1977)
Sudan 6-19 880
Bolivia 16 833 Store 7; drying 3
Brazil 15-20 806 Storage 1-4
BARLEY
Pakistan 9 130 Unspecified storage 7; pProcessing 2
Bolivia 1y 80 Drying 2; unspecified store 6;
transport & distribution 4
Sudan 17 ? Central store
MILLETS
Mali 2-15 80y On-farm store 2-U4; central store
10-14 (Guggenheim, 1977)
Nigeria A-.2 3,200 On-farm storage
Rhodesia 1c-15 564 On-farm storage (Howden, 1977)
Sudan i) 450 Central store
Zambia 10 30 On-farm storage
India 7-10 9,600 Drying 2-5; farm storage 5
(Chaturvedi, 1977; Agrawal, 1977)
Pakistan 7.5 503 Storage 5; processing 2.5
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TABLE 4 :4 (continued)
Reported
Commodity Total National
€ Percent Production
Country Weight Loss ('000 Tonnes) Remarks
SORGHUM
Nigeria 0-37 3,680 On-farm over 26 months (Hall, 1970,
Rhodesia 25 716 On-farm store (Howden, 1977)
Sudan 6-20 1,800 Central storage
Zambia 0-10 46 Local varieties, negligible;
high-yielding varieties 10
(TPI, 1977)
India 7.5 5uy Unspecified storage
Indonesia 4.0 ?
Pakistan 7.0 621 Storage 5; processing 2
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While white flour technically comprises about 63-80 percent of the
whole wheat grain, practical milling considerations in current mills
require an extraction rate of about 75 percent to produce a white flour
suitable for western bread making. More widespread use of higher extraction
brown flour (such as the 95 percent "atta" in India) wculd reduce milling

losses.

Barley

Barley is produced in cool upland areas and is a major crop in Korea,
China, India, Iran, Syria, Turkey, and Ethiopia. Its processing is similar
to rice. An important use fo barley is for sprouting (malting) and fermen-
tation to produce beer and other alcoholic beverages, and considerable
quantities are imported to developing countries for this purpose.

Drying of the grain prior to malting must be done carefully to ensure
germination, and malting is not affected.

There are few reports in the literature of losses of barley in
developing countries, and it appears that there is no special problem
peculiar to barley. This may reflect, in part, the fact that it is mainly
produced in the cooler countries, the care with which the brewing industry

handles the crop, and the relatively few stages of processing it requires.

Millets and Sorghums

Millets and sorghums are grova in semiarid areas, and although their

annual reported production (approximately 20 million and 30 million tonnes

respectively, FAO, 1977a) represents only 6 percent of total cereal production,
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they are the main staple in drier regions of Africa, the Middle East,
India and Pakistan, and China.

In developing countries, most production is still at the farm and
village level, and postharvest technology is unimproved compared with that

for the major cereals.
Loss Estimates

Postharvest losses of millets and sorghums ' ve received relatively
little attention. Reported losses have often cited damage rather than
weight loss. Loss estimates have indicated relatively moderate levels
occurring during storage, 1-5 percent (Spencer et al., 1975). Other losses

occur during harvest and as the grain dries in the field.
Harvesting

Because harvesting is carried out under dry conditions, the crop is
camonly left standing in the field to dry for a period. Sorghum stalks
may be tied together at the top in threes or fours to prevent the dry stalks
fram lodging.

This field-drying period may extend for a considerable time, during
which the grain is exposed to bird and rodent and insect attack, including
termites. Although these may in many cases be considered as preharvest
problems, depending on local variations in handling, the result affects

postharvest deterioration of stored grain.

Threshing

Millet and sorghum grain is frequently stored on the head and

threshed as required, except for seed grain, vhich may be threshed and
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sealed in small containers to be kept in the house for special security.

In other cases, however, seed grain is kept unthreshed hung fram the roof.
Millet Storage

Guggenheim (1977) and Spencer et al. (1975)1descr'ibe traditional
and central warehouse storage of millets in Mali ahd Senegal and report
losses averaging 2-15 percent. Losses in traditional stores were lower
than in the central warehouses.

The difference between estimates of loss under traditional and
central storage results from a number of factors. In Mali, farmers may be
assigned a quota of grain which they must sell to the government; they are
prepaid for their quota and provided with empty sacks in which to deliver
the shelled grain, but are not paid for the transportation, and there is
thus no incentive to speed the delivery of the bagged grain to the collection
centers. The collection centers themselves have insufficient, often ill-
designed space, even specially designed stores may be poorly constructed.
The bagged grain may be left uncovered on open ground ar kept in old store-
roams or school buildings, or in the extension agent's residence together
with his animals. And since the grain that farmers sell to the government
is cammonly the oldest available, or of a quality they do not wish to store
themselves, it may not be very durable at the outset. As a result, compara-
tively high losses of 10-15 percent are encountered in the government system.

Dogon traditional granaries are built of rock, wood, and banco (clay
mixed with millet chaff) about 2.5-3.33 m high, depending on the terrain,
excluding their conical grass thatch roofs. Figure . They have
wooden foundations which 1ift the mud Structure 30 cm from the ground to
protect it fram moisture.
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Good management of granaries is fundamental to keeping postharvest
losses low. Millet heads are roughly classified during harvest: very poor
and aborted grain is not cut, poor grain is cut but kept apart, good grain
is prepared for storage. The grain to be stored is spread on the flat
terraces of the houses for drying. The very best is reserved as seed,
usually kept under the kitchen roof, protected by smoke against insect
attack. The remainder is moved to the granary 6 weeks to 3 months following
harvest, in December or Januery, by which time it is very dry--typically
below 10 percent moisture.

Rodent damage in the field and in storage is difficult to differ-
entiate, as is bird damage ir. the field and while the grain is drying on

terraces of houses. Quelea quelea (the grain-eating weaver bird) is respon-

sible for heavy losses of early maturing varieties of millet, and wild
pigeons cause major damage to grain during drying.

Fungal damage appears to be negligible when millet is stored on the
head for up to 4 years; in bulk with the addition of ash, the grain is
reported to keep up to 5-7 years. However, this grain is thought to lose
its flavor, perhaps as a result of biochemical deterioration.

Traditional methods of fumigation, such as smoking with burning
millet chaff mixed r7ith pepper, appear to be effective. Leaves of plants
such as Andropogon (grasses) and Combretum (vines), whose odor is thought
to repel both insects and rodents, are placed with the grain. More important

is the use of ash of Boscia senegalensis and millet stalks, a mixture

scattered on the floor and rubbed into the walls of the granary. It is also

mixed with the threshed grain.
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Sorghum Storage

Annual production of sorghums in developing countries was estimated
to be 31 million tonnes in 1978 (FAO, 1977a). Little investigation of losses
has been reported, and generalization from the few reports is obviously
risky.

Storage is similar to millet. Reports by Giles (1964) of storage
in northern Nigeria, Nyanteng (1972) for northern Ghana, and Spencer et al.
(1975) in Senegal indicate the existence of methods and problems similar to
those of millet in Mali.

Losses are reported to be relatively low in storage of traditional

varieties of sorghum. Insec* damage, from Sitotroga, Sitophilus, and

Rhyzopertha deminica occurs particularly in newer high-yielding varieties

in central stores. Estimates of 1-20 percent losses are reported.
Dusting the stored grain on the head with BHC is reported to have
been effective in controlling insect infestation in mud granaries for up

to 18 months (TPI, 1977).

Grain Legumes

The grain legumes or pulses occupy an important place in global food
and nutrition with a current annual production of about 50 million tonnes
(FAO, 1977a). Half of this is produced in developing countries, where they
are dispropartionately important dietary constituents of many people,
supplementing cereal diets with essential amino acids and improving nutri-

tion where animal protein is scarce.
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Substantial amounts of grain legumes are consumed, particularly in
Africa and Asia, after milling to dehusk and split live grains or some
other type of processing. Many cammercial technologies are either obsolete
or inadequate for this purpose as they cause heavy losses due to breakage
and powdering; research and development in a number of countries, particu-
larly India, has been devoted to developing improved technologies.

Grain legumes are more difficult to store than cereals and suffer
greater damage due to insects and microorganisms. Damaged grain also
suffers higher milling loss.

Yields of grain legumes are low compared with cereal grains, averag-
ing from 200 to 1,500 kg/ha, and total production has remained roughly
constant over the past 10 years. This was the subject of discussion at a
special seminar organized by the Protein Advisory Group of the United Nations
in 1972 (FAO, 1973), which emphasized the importance of developing new
varieties of grain legumes to resist pests, diseases, and drought, and of

developing improved technologies for processing and conserving them.

Nomenclature

There are some 36 major species of graim legume grown and consumed
as food. All have common or local names, some of which are given to more
than one species.

Table 4:5 1lists both common and botanical names alphabetically.



Common Name

Arhar
Bambara groundrut

Beans, dry
Bengal gram

Black gram
Black-eyed cowpea
Broad beans
Chick peas

Congo pea
Cowpeas, dry

Feijao
Garbanzos
Golden gram
Green gram

Groundnut
Haricot bean
Harse gram

Kidney bean

Lentils
Lima beans

Lupins
Masur dhal
Ming beans

Mungo bean
Peanut

Peas, dry
Pigeon peas
Pinto bean
Redagram

Snap bean
Soybeans, soja
Urd

Velvet bean

Vetch
Windsar bean
Winged bean

Yam beans
Yellow dhal

Botanical Name
Cajanus cajan
Voandzeia subterranea

Phaseclus subterranea

Cicer Spp-

Phaseolus mungo
Vigna unguiculata
Vicaa faba

Cicer spp.

Cajanus indica
Vigna ,ugggiculata, V.

V. sinensis
Phaseolus spp.
Crcer spp.
Vigna radiata; V. aureus
Phaseolus aureus

Arachis hypogaea
Phaseolus wulgaris
Dolichos baflarus

Phaseolus vulgarys
Ervum lens , Lens spp.

Phaseolus lunatus

Luparus spp.
lens cpp.; Ervum lens

Vagna radiata; V. aureus;
Phaseolus aureus; P.
radiatus

Phaseolus mungo
Arachis hypogaea
Pisum spp.
Cajanus spp.
Phaseolus wulgaris
Caianus cajan
Phaseolus vulgaris
Glycine spn.
Phaseolus mungo
Mucuna pruriens;
Stozolobaum spp.
Vicia sativa

Faba vulgaris

Psorﬁhoc: M&s .,t_e_ﬁ‘yém
tropics);

Tetragonolobus purpureus
(European)

Sphenostylis stenocarpa
Cajamus andicus

TABLE 4-5
NOMENCLATURE OF THE GRAIN LEGUMES

Botanical Name

Arachis hypogaea
Cajamus cajan
Cajanus indicus
cicer arietinum,
€. motinum
Dolichos biflorus
Eevum vulgars
Faba vulgaris

Glycipe max; G. hispada;
G. soja

lathyrus sativus
Lens esculenta; L. culinaris

Lupinus spp.
fuzuna pruriens
Phaseolus angularis
" aureus
" lunatus
" mungo
" radiatus
" vulgaris

Pisum angularis, P. arvense,
B. sativum

Psophocarpus tetragonolobus

Sphenostylis stenocarpa
Stizolobium spp.
Tetragonolubus purpureus

Trigonella foemm graecum
Vicia faba

Vicia sativa

Vigna ayreus, Y. radiata
Vagna sinensis

Vigna unguiculata
Yoandzeia subterranea

Common Name
Grourdnut, peanut
Pigeon pea, Arhar,

Redagram

Pigeon pea, Congo
pea, Yellow dhal

Chickpeas, Bengal
gram; Garbanzos

Harse gram

Lentils, masur dhal
Windsor bean
Soybeans, Soja

lentils, masur dhal

Lupins
Velvet bean
Dry bean

Ming bean, Green gram,
Golden gram

Lima bean
Mung bean, Mungo bean

Mung bean, Green gram,
Golden gram

Haricot, Kidney, Navy,
Pinto or Snap bean,
Feijao

Dry peas

Winged bean (humd
tropics)

Yam beans
Velvet beans
Winged bean (Europe)

Broad beans

Vetch

Mung beans

Dry cowpeas
Black-eyed cowpeas
Bambara groundrut
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Loss Assessment

Most grain legumes are harvested after a preharvest period of
field drying. During this drying period, the pods and grains are exposed
to attack by birds, rodents, and insects, and preharvest losses result
not only from the food they consume but also because they cause shattering
of the seeds.

The barvested legumes may carry a field infestation, mainly by
bruchid beetle species, which lay their eggs on the maturing pods (Prevett,
1961). Although the infestation at harvest may be as low as 2 percent
(Booker, 1967), this may provide a nucleus sufficiently dangerous to cause
serious losses after several months of storage.

Taylor (1977) reports that in Nigeria field infestation often causes
farmers to dispose of a crop as soon as possible after harvest. Although
this passes the storage problem to middlemen, it also imposes on the farmer
the necessity of buying back needed legumes later in the season when the
price has increased and the quality decreased. Grains may change hands
many times before consumption, making loss assessment and control more
difficult.

Studies have been directed mainly to assessing losses in storage
and processing. The loss assessment problems of cereal grains also apply
to legume losses and are compounded by the large variety of legume species
and their traditional production as supplements to, or in rotation with,
cereal grains. The fact that they are produced and stored in comparatively
small quantities has increased the difficulty of loss estimation. High
variability is shown by the reported figures, attributed to the variety

of storage systems and containers and the progressive consumption during
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the season, leading to high proportion of damage and loss in the residue
at the end of the season. Losses are reported fram 2 to 3 percent to as
much as 50 percent; many of the reports give damage assessments rather
than weight losses. Representative figures are given in Table 4:6, but
the degree of variability makes it impossible to arrive at an average
figure. Experienced observers agree that losses are normally samewhat

greater than for cereal grains.

Preharvest Loss Control

The extent of field infestation by insects has led to preharvest
prophylaxis in legumes to reduce storage loss. In food for human consump-
tion, prevention is clearly preferable to postharvest control measures.
Effective preharvest control involves making the grain inhospitable to
the insects. This may be achieved, to same extent, by breeding resistant

varieties and by treating the crops with insecticides before harvest.

Harvesting

Harvesting problems arise where the crop does not mature evenly
or where harvesting must be done when rain prevents satisfactory drying
of the crop on the mature plant. Uneven maturing is less of a problem
on small farms, where mature dry legumes can be picked over a prolonged
period. Larger plantings that have to be harvested at a particular time
may contain pods with more than 13-1% percent moisture and will need to be
dried before or during storage to prevent molding and discourage insect

attack.
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TABLE 4:6

REPORTED LOSSES OF LEGUMES WITHIN THE POSTHARVEST SYSTEM®
(Based on FAO, 1977b, Figures Unless Otherwise Indicated)

Reported
Total National
Percent Production
Country Weight Loss ('000 Tonnes) Remarks
Ghana 7-45 11 Shelled beans, 1-5 months; unshelled
beans, 22 (Rawnsley, 1969)
Nigeria 5.4 932 Cowpeas (Caswell, 1968)
1- 2 Cowpeas stored 3 months in shell
(Boshoff, 1975)
4.5 350 Groundnuts (Howe, 1977)
Kenya 30 280 On-farm storage ( Lima, 1973)
Rhodesia 5 706 On-farm storage (Howden, 1977)
groundnuts
Sudan 427 980 Groundnuts, central store
Swaziland 5 ? Groundnuts, insects and mold
Uganda 9-18.5 220 Groundnuts, mainly insects and mold
Zambia 40 600 Cowpeas (TPI, 1977)
India 8.5 12,956 Pulses, central storage
Indonesia 5 300 Unspecified storage (Sumartono, 1977)
Pakistan 5-10 785 Pulses (Chughtai, 1977)
Thailand 10-30 1,008 Soybeans, drying 15-17; farm store
12-15; handling 10 (Dhamcharee,
1977)
.25~-68 Soybeans, central storage
.25-16 1,347 Groundnuts, central storage
Belize 20-50 1 Kidney beans, on-farm storage
(Cal, 1877)
Brazil 15-25 1,923 Drybeans
Costa Rica 24 Drybeans (GIDA, 1977)
Honduras 20-50 ug Drybeans, on-farm storage (Balint,
1977)
Nicaragua 10-35 54
Paraguay 15 8 Soybeans (Martino, 1977)
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Losses can be minimized by good hygiene of stored legumes, by stcring
only whole pods and shelling the rest for sale or immediate use, by attention
to drying the crop properly, and by carefully excluding insects and rodents
in the transition between field and store.

Storage

Major losses of grain legumes occur during storage.

The bruchids breed rapidly in stored legumes, preferring relatively °
high temperatures and humidity. Most have preference for particular
legumes and will not necessarily thrive on any variety of pulse.

Dehusked and split stored pulses may be infested by insects from

other stored product. as Rhyzopertha, Trogoderma, and Tribolium SPp.
In addition to physical ge, contamination by insect excreta and fragments

are extensive--guanine and uric acid are the most abundant substances. They

are founi in greater abundance in legumes than in cereals.

Treatment of Harvested Grain Legumes

Because legumes are so prone to insect damage, special measures are

often taken to protect them after they are harvested.
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Physical Treatment

Farmers in many areas spread grains in the sun to disinfect Crops,
possibly the only econamical treatment currently available to farmers in
developing countries, although experimental uses of cold, heat, and radia-
tion have been tried.

Blockage of intragranular spaces using smaller grain such as millet

(Eleusine coracana) or other inert material restricts movement of bruchids

through stared grain and limits ovipositing. Steaming and parboiling, which
cause hardening and gelatinization of the grain starch, have also been tried.
As in the case of cereal grains, the use of inert materials to abrade and
absorb cuticle wax and dehydrate insects is reported to be very effective.
Lemon oil has been shown to be effective in controlling cowpea
weevils in black-eyed peas (Su et al., 1972), and a number of other oils
and terpenes have insecticidal properties. Recently, work at IITA (1976)
showed that groundnut oil added to cowpeas at 0.5-1.0 percent prevented
insect attack for over 6 months. Castor, nustard, coconut, and sesame oils

also are reported to be effective (CFTRI, 1977).
Biological Control

Various predators and parasites have been recorded attacking and

killing storage insect pests. A predacious mite (Pyemotes [Pediculoides] spp.)

has been observed to attack and kill eggs, pupae, and adults of Acanthosce-

lides obtectus and Callosobruchus maculatus. Adults and larvae of the

hymenopteran Pteromalus schwenkii feed on the larvae of C. chinesis, the

bean weevil that attacks the mung bean. Dinarmus laticeps is a very common

parasite of bruchids. However, though predators may locally reduce popula-

tions of pests, they cannot be considered an effective method of contrel.
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Juvenile hormone analogs have been reported to block embryonic
development of the cowpea weevil C. maculatus (El-Tantawi et al., 1976).
A new pheramone which can act as an inhibitor of oviposition is reported

by Yamamoto (1973). These methods are still only experimental.
Chemical Control

Malathion is a contact insecticide camonly applied to pulses that
appear to give satisfactory control of store pests for extended periois.

Because of the infestation of storage facilities by infested crops
brought fram the field, f;'mnigation of harvested crops has been widely
employed. Fumigants have included carbon disulfide, ethylene di-bramide
(EDB), methyl bramide, and aluminum phosphide. Aluminum phosphide proved
better than EDB because of better penetrglion; however, excellent control of
bruchids was accomplished with EDB-absarbed in chalk tablets used to fumigate
small quantities of pulses in air-tight containers. Some eggs and larvae are
tolerant to phosphine and require increased concentration of fumigant or
fumigation time (Muthu, 1973).

From reports it appears that the pulses are more difficult to store
at the farm level than cereal grains and that the structures and treatments
for legumes are better at trading and government warehouses than on farms.
Several factors may enter into this, including greater field, and hence
farm, infestation; greater difficulty in controlling infestation in the
larger grains without chemical insecticides or fumigants; and the fact that
legumes may receive more attention in commercial or government storage

because of their higher unit value.
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Processing

Dried food legumes go through a variety of primary processing steps
before the final consumer can prepare food fram them. These procedures
include dehusking, puffing, grinding, splitting, and sprouting.

They are practiced at different levels of sophistication in different
countries and regions, from hand-operated farm and home methods to small-
scale cottage industry to major industrial processing similar to that of the
rice and wheat industries in India and Southeast Asia.

Dehusking. Dehusking or hulling is the removal of the fibrous seed
coat of the legume, the husk. This improves the quality of the grain by
improving its appearance, texture, palatability, and cooking properties
as well as digestion and absorption of nutrients after it is eaten. The
simplest methods involve grinding the heated or sun-dried grain in a mortar
and winnowaing of f the husks. The husk may also be loosened by soaking the
grain, then removed by wet-grinding stones. In large-scale operations,
husks may be removed by either wet or dry methods or a combination of them.
In the wet method, the grain is soaked and sun dried, or mixed with small
amounts of water to the appropriate emount. In the dry method, the grain
is sun dried after application of small amounts of oil, moisture, or both.
In some cases, simple sun drying may be sufficient.

In removing the husk care must be taken to remove as little of the
edible kernel as possible. Several factors must be considered: variety
of legume, which influences thickness of husk; thickness of the gum layer
binding the seed-coat to the kermel; shape, size, and uniformity of the
grains; hardness of the grains; texture and waxiness of the seed-coat; and

age of the grain. Because of the variation in hulling characteristics
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uependent on these factors, there is no standard procedure for hulling a
given variety, and different combinations of methods are empirically
employed.

Removal of the husk is cammonly done in small machines, including
both hand- and power-operated under-run disc-shellers, or blunt-plate mills.
In many cases, hulling is accompanied by splitting the cotyledon; the husks
are removed by aspiration while unhulled grains are easily separated from
the split cotyledons by sieving. Roller mills are also used, but cause
loss of kernel by scouring of the surface of the dehusked grain, which also
leads to loss of surface proteins. These losses are particularly high if
the grains are not well graded by size.

Moisture affects hulling and splitting of the grains: lower moisture
helps the dehusking process, while higher moisture assists in splitting.
Losses are reduced if these operations are done separately.

Splitting also causes loss of the embryo (amounting to 2-5 percent
of grain weight) and breakage of the edges of the cotyledons. No widely
used method satisfactorily permits dehusking without splitting and loss of
the embryo; this is an area where opportunity exists for technology to
improve the processing yield of edible grain, and to make an important
contribution to nutrition. Improved milling technologies are being developed
at the Central Food Technological Research Institute, Mysore, India. Separate
methods are used to loosen the husk by heated air followed by tempering and
husk removal by abrasion in a pearling machine, with each method adjusted
for the particular legume. These cambinations are reported to give impres-
sive experimental yields of over 95 bercent dehusked grain in a single
operation. They are being introduced for commercial operation, and three

autamatic plants of between 0.5 and ? tonnes per hour capacity are in



135

production. Other existing mills are being converted to the new technology.
The process has been standardized for pigeonpeas, chickpeas, mung beans,
black gram, lentils, cowpeas, soybean, forse gram, and kidney beans (Kurien,
1977).

These methods are suitable only for improving large-scale commercial
milling. Nevertheless, they offer possibilities of conserving considerable
amounts of legume yield, and thus of high-quality protein. Kurien estimates
that possible additional yields of at least 8 percent could Le achieved by
adopting improved technology, which would amount to 800,000 tonnes additional
milled pulses per annum, containing approximately 240,000 tonnes crude pro-
tein (flour from the peripheral layers of seeds contains about 30 percent
crude protein) and costing approximately US$290 million. He indicates
that further improvements are needed, including:

© Increased milling efficiency of the dehuskers;

° Adjustment of machines to the needs of individual legume varieties;

© Better separation of husks from unhusked grain;

° More detailed knowledge about the nature of gums and mucilages and
their influence on grain milling;

¢ Improved efficiency in splitting pearled grains under all conditions
with minimum losses; and

© Improved recovery of edible portions of byproducts.

Larger varieties of legume are easier to mill, give higher yields,
and are preferred by millers, while the smaller varieties, like pigeonpeas,
black gram, and mung beans require repeated and severe premilling treatments
that are associated with high scouring and splitting losses. In wet milling

methods, water-soluble nutrients are lost. The development of milling
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technologies that reduce these losses can therefore make possible additional
yields of protein.

Puffing. Legumes may be puffed by sujecting them to high tempera-
tures for a short duration. At the farm and hame level, this may be done
by gentle heating to around 80°C, followed by moistening with 2 percent
water, which is absorbed overnight. The following day the grain is toasted
with hot sand at 250°-300°C, at which point the cotyledons puff and split
the husk, which is removed by gentle absrasion. At the cottage industry
level, puffing is accomplished with husk-fired furnaces and large toasting
pans operated by a number of people. More recently, fully autamated contin-
uous oil-fired or electric toasting or parching machines have been introduced.
Chickpeas are the most common puffed legume, although puffed peas and cowpeas
are also found in many countries. Puffing expansion is low--1.5 campared to
the 8-10 times expansion of puffed cereals. Losses are not mentioned in the
literature, and presumably are relatively low, in view of the simple proces-
sing technique.

Grinding. In a number of countries, whole legumes or dehulled splits
are ground dry ar wet into flour or batter; this is used for a number of
sweet or savory preparations, either alone or in cambination with cereal
grains or oilseeds. The quality of these products depends on the camposition
of the flour, fineness of grinding, relative propartion of ground particles
of different mesh grades, and method of preparation. Chickpeas, peas, black
gram, and cowpeas are the most commonly ground pulses. The grinding may be
done in mortar or stone grinders, with or without sifting, or in plate or
hamer mills. Although the dry flour is easier to handle, in some countries
wet-grounc preparations are preferred to dry-ground flour mixed with water.
Mechanized mortars are available for this purpose where larger quantities
are handled.
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Cooking. Legume seeds, either whole or split, are commonly cooked
in the traditional way: for extended periods of 1-4 hours following over-
night soaking. This is necessary to produce a tender, edible product and
to extract (if soak water is discarded) or inactivate antinutritional
factors such as antitrypsin and hemagglutinins. As in the case of rice,
the precooking washing and soaking, as well as the prolonged boiling, lead
to losses of total solids and other nutrients. While these are not defined
as postharvest losses in the strict sense, only postharvest technology
prior to cocking that reduced the need for these severe treatments would
constitute, in effect, a loss reduction.

A variety of these processes has been developed. Precooked, quick-
preparation legumes have been developed, using flaked splits, pressure-
cooked and dehydrated beans, and beans that have been socaked in solutions
of inorganic salts and subjected to vacuum infiltration (the "Hydravac"
process, Rockland et al., 1977). These techniques require careful quality
control to retain the appropriate flavor and texture of the end product.
While these technologies are somewhat remote frcm the main focus of post-
harvest loss reduction in this study, they have the potential for increas-
ingly important savings of food as more centralized storage and processing
becomes feasible for a greater proportion of the harvested crop. Research
and development in this area is encouraged.

The loss of cooking properties of legumes after storage is an
important problem; some legumes become tough and do not become tender
regardless of the amount of cooking, a result of as yet unknown changes

occurring during storage.
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Notes

Note IV-1, Considerable research is in progress on the use of controlled
atmosphere (inert gas) storage, but its application to date has been limited

to a few installations in developed coutnries.

Note IV-2. The following pages describe the various stages of parboiling

and processing paddy to produce white milled rice grains.

Parboiling. Rice milling involves the removal from paddy of the
hull germ and bran (a mixture of pericarp, ceedcoat and part of the aleurone
layer of the grain), with the intention of leaving as much of the kernel as
possible in its original shape. Some varieties of rice do not yield much
head rice (defined as a "grain" of rice, with at least 75 percent of the
length of the original unbroken kernel). Even under eptimum processing
circumstances, certain varieties of paddy produce a low head rice yield be-
cause of poor milling characteristics inherent in the genetic composition.
To counteract this problem, premilling treatments have been developed in
a number of countries.

Since early times, particularly in India, paddy has been soaked
for varying lengths of time in hot or cold water and dried before being
milled. This may have originated as a method of cleaning the threshed
grain, but its effect on the hardness of the grain and improved milling
qualities must have become apparent, and it is now widely practiced.

The changes occurring with parboiling result from tis effect on
the structure of the paddy grain kernel, in which the endosperm is composed
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of loosely packed polygonal starch granules and intergranular spaces
filled with air or moisture. The spaces, together with any cracks or fis-
sures that may have resulted from handling, are the source of weakness from
which broken grains result during milling. By soaking the paddy in water,
the starch granules swell and absorb moisture, particularly if heat is
applied. In this case, some of the granule structure may be weakened, per-
mitting more moisture to penetrate, and irreversible swelling, known as
gelatinization, to take place. At the end of this process, the paddy may
have 45-50 percent moisture and must be dried before further processing.
Gelatinization takes place at or above a critical temperature specific for
each variety of rice. It may be achieved either by soaking in hot water
at or above the gelatinization temperature or by soaking in water below
the gelatinization temperature and then heating to expand and fuse the
starch granules irreversibly. The most convenient heat source for this pur-
pose, since it must be moist head, is steam.

Ancther reason for parboiling rice is to avoid loss of nutrients
which, other than carbohydrate, are mainly found in the outer layers of
the rice kernel. ™ese are losc during milling, but water-soluble nutrients
may be absorbed to some extent into the kermel during the parboiling pro-
cess. \

Parboiling generally conveys the rfollowing advantages to the paddy:

° Hulling of paddy is easier because the husk is split during
parboiling;

° The gelatinization of the starch helps to reduce grain breakage
during milling;

° A higher proportion of amino-acids, vitamins, and minerals

is retained than in the same variety of raw milled rice;
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° Because the grain is harder, it is muye vesistant to insect
attack during storage;

®  On cooking, there is less loss of solids to the cooking
water, and overcooked rice suffers less damage than the same variety of
raw rice;

© The parboiled rice bran contains up to 10 percent more oil
than raw rice bran, and the quality is higher because the heat treatment
destroys the rice limase which hydrolyses the oil.

Parboiling also has certain disadvantages:

© Parboiled rice does not store as well. Heat treatment destroys
natural antioxidants, and parboiled rice develops rancidity more rapidly
in storage than white rice;

®  Parboiled rice may have taste, texture, flavor, colar, or odor
which does not satisfy local preferences;

® Under the moist conditions molds may develop and produce

harmful mycotoxins;

® Parboiled rice must be dried from a moisture content of 45-50
percent, as opposed to 25-28 percent of paddy, which adds to fuel costs;

©  Parboiled rice is more difficult to polish because it is harder,
which reduces milling capacity and increases cost;

® The higher oil content of parboiled rice bran may cause it
to clog the polisher screen; and

©  Parboiling requires additicnal capital expenditure.

In spite of these disadvantages, when parboiling is properly
carried out, the higher efficiency of milling and 1-2 percent greater yield
of total rice and head rice increases the total value of product to a point
where it is reported to be possible to produce parboiled rice cheaper than
white rice (Kisan Krishi Yantra Udyog, 1972).
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Drying parboiled rice differs from drying paddy. If it is
dried slowly to remove the large amount o° moisture, microorganisms grow
and may spoil the rice to some extent. If it is dried quickly, on the
other hand, cracks may develop and the milling quality will be low. The
rate of drying is the main factor controlling the breakage. Research
(Bhattacharya and Indudharaswamy, 1967) indicated that breakage does not
occur equally throughout the drying process: drying can take place quickly
down to 18 percent, but the moisture content must be reduced slowly from
above 18 percent to below 18 percent to avoid breakage. As the grain is
dried, a moisture gradient develops between the center and surface of the
kernel, which stresses the kernel and at a certain stage causes cracking.
The cracks appear two hours after the drying is completed.

Sun-drying and hot-air-drying are the two most common drying
methods. In India, the parboiled paddy is dried in the sun for 4-5 hours,
with continual stirring and turning. This reduces the moisture content to
18-20 percert, after which the rice is heaped and covered with mats or
straw and tempered for 2-3 hours, to allow moisture in the kernels to
migrate. It is then spread and dried for a further 1-2 hours to complete
the drying to 14-16 percent moisture. Average milling yields of sun-dried
paddy are 72.5 percent. Average losses due to birds, insects, and rodents
during the drying process are estimated to be 0.2 percent in calculating
the drying cost (Bal et al., 1974).

Simplified machine-drying technology using a louisiana State
University (LSU) continuous-flow drier fueled by rice husks has been
successfully used to generate steam both for the parboiling and the heat-

exchanger hot-air generation. The drying is carried out in two passes
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with a tempering period of 8-10 hours, which seems to produce good
milling yields. Drying may also be carried out in the paddy heating
vessel by applied vacuum, stirring, and indirect heat (Gariboldi, 1974).

Traditional parboiling methods give rise to a variety of problems.
Most of these result fram fermentation due to prolonged soaking or delayed
drying, with concurrent development of fungus and mycotoxins and discolora-
tion to the grains, which acquire an unpleasant odor and flavor. Handling
and drying conditions are often unhygienic, and losses to birds, rodents,
and insects may be high. Some research has been carried out on improving
the traditional methods by such steps as adding sodium chromate to the soak
water to retard fermentation.

The International Rice Research Institute has recently conducted
successful research cn a "dry" parboiling process in which the threshed paddy
is dried at high temperature by being mixed with sand at 200°C. This process
evidently causes gelatinization of the kernel starch with the moisture in
the kernel as it is being dried, without the need for prior soaking or
steaming and without excessive breakage. If such parboiling proves economic,
it may offer an attractive alternative method of handling wet paddy.

Precleaning. Prior to the actual milling, it is necessary to clean
the paddy received from the farmer of large and small impurities so as to
protect the milling equipment and improve the quality of the milled grain.
Cleaning is normally done in large mills by sieving to remove impurities
of different size from paddy grains. Dust is usually removed by aspiration.

Hulling. The hulling process removes the outer husk fraom the grain,
and the objective of the hulling process is to do this with minimum damage
to the bran layer and without breaking the brown rice grain. The process

requires that a certain amount of friction be applied to the grain surface
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to remove the husk, and a certain amount of damage and broken grain is
unavoidable. As we have already seen, this is particularly high when the
drying grain has been exposed to moisture and has cracked. The amount of
damage also depends on the design and construction of the huller, the skill
with which 1t is adjusted, operated, and maintained, and the uniformity of
the grain being milled. For example, one of the most cammon types of huller,
the under-runner disc huller, consists of two horizontal cast-iron discs,
partially coated with an abrasive layer. The grain is fed centrally down a
sleeve through the top disc, which is fixed between it and the rotating
lower disc, and the clearance between them determines the efficiency with
which the grain is hulled and not Iroken. The quality of the abrasive coat-
ing, and the accuracy with which the discs are "dressed" or kept flat and
level, is also important. As hulling continues, the discs become worn and
periodic redressing is required. Because there is no flexibility in the
discs and the gap between them is fixed, the machine is sensitive to the

size of the grain. Proper operation should include provision for pre-grading
to minimize both breakage of the outer layers and the proportion of small,
unhulled grains.

Another type of huller is the rubber roll huller, in which two rubber-
covered rollers, mounted horizontally and parallel with clearance between
them smaller than the thickness of paddy grains, rotate in opposite direc-
tions at slightly different speeds. The grains, fed onto the rollers fram
above, are caught between the rollers, and because of the difference in
speed, the husk is stripped off. Wear on the roller is considerable, reduc-
ing its diameter and thereby the speed of the surfaces, which in turn reduces
the efficiency of hulling. Although the dehusking performance of roller

hullers is superior to disc hullers, the efficiency of the rubber rolls in
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tropical countries is not good for a number of reasons: the rollers wear
quickly because of the high temperature and humidity; they are expensive

to replace; and the design of the machinery (usually Japanese) is for short-
grain varjeties of rice, whereas in tropical countries the grain is often
long or medium and wear is greater.

Husk Separation. The output from the huller is a mixture of brown
hulled rice, paddy, husks, bran, dust, broken grain, and immature grain.

It is necessary to separate the husks from this mixture before it passes to
the paddy separator. The dust and bran can either be carried off with the
husks or separately aspirated. There are many designs of separator; some
operate fram hullers, others incorporate into the huller. All of them
operate by aspiration of the mixture, and their efficiency depends upon the
experience of the operator and adjustment and maintenance of the equipment.
When a machine is not operating correctly, it is possible that some broken
and immature grains will be lost with the husks. Such grains are a poten-
tially avoidable loss.

Paddy Separation. Following separation of hulls, broken and immature
grains, bran, and dust from the hulled brown rice and unhulled paddy, the
rice and paddy can be separated. The amount of paddy varies according to
the efficiency of the huller, normally between 80 and 95 percent. If the
efficiency of the huller is 80 percent, 20 percent of paddy will remain
unhulled, ard 80 percent will be hulled, yielding 64 percent brown rice
and 16 percent hulls. The output of the huller (without the hulls) requiring
separation will therefore be a paddy/hulled rice mixture containing 24 per-
cent paddy. With typical minimum efficiency hulling, therefore, separators
muist be capable of separating a maximm of 25 percent of paddy from the
input feed.
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This paddy is then returned to the huller or a special "returns
huller." This final separation is accomplished by taking advantage of the
different physical characteristics of the paddy and brown rice kernels.

The weight of a given volume of paddy on average is less than that of the
same volure of brown rice; paddy grains are more bouyant, longer, wider,

and thicker than brown rice. Separation is carried out on oscillating trays
vith indentations the size of brwon rice which retard their passage, while
permitting the pada, to flow across.

Problems are encountered with this type of separation when the grain
is not of the length for which the trays were designed or when wet or dirty
grains are processed.

Whitening and Polishing. The whitening process removes the silver
skin and bran layers and, in most cases, the germ, while the polishing
process imparts a slight polish to the whitened rice grain.

There are three kinds of whitening machine. The vertical whitening

cone is a cast-iron, cone-shaped cylinder with an abrasive coating that

rotates inside a wire mesh screen. The mesh of the screen and the distance
between the cone and screen are selected according to the size of the rice.
The screen is divided at intervals into segments by adjustable rubber brakes.
The brown rice is fed into the center of the machine and distributed over
the surface of the cone; the rubber brakes impede its flow and press the
grains against the abrasive coating and the wire screen, and the friction
removes the bran coating, which then passes through the screen. The partly

whitened rice falls out at the bottom of the cone and passes onto the next

processing stage.
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Adjustment of the distance between cone and screen, usually at around
10 mm, and periodic replacement of the rubber brakes and worn sections of
Screen are necessary to ensure good operation and avoid excessive grain
breakage. Regular maintenance of the equipment is also necessary to ensure
that it runs without vibration, which also causes breakage. The effective~
ness of the whitening process depends on the friction between the grains
themseleves, the cone, and screen. If too much heat is generated during
this process, there will be excessive broken grains. For this reason grain
whitening is increasingly accamplished by passing it through several times,
a process known as "multipass whitening" in which the bran is removed more
gently, the grain spends less time in the machine, and the clearance between
cone and screen is increased, so that less heat is generated.

This does not require much additional investment, because the capacity
of a single~-pass whitening cone is much lower than a multipass system. The
multipass system can be camposed of several smaller cones with equivalent
capacity to one large single~pass cone.

The Japanese horizontal abrasive whitener consists of a cylindrical

abrasive roll that rotates at high speed in a cylindrical whitening chamber
perforated with slots. Rice is fed in between the roller and slotted
cylinder and held by an adjustable valve in the outlet so that slight
pressure is built up and the grains forced against the abrasive drum. As
it circulates, adjustable steel brakes along the length of the cylinder
wall control the orientation of the rice grains and the efficiency of the
whitening process. The adjustment of these brakes depends on the variety
of rice being whitened, and breakage losses depend on the experience of the
operator. The rolls wear out and have to be replaced, which creates a

supply problem. Another disadvantage is that the clearance cannot be adjusted.
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The horizontal friction whitening machine, which is often used for

the final separation of bran from grain, consists of a horizontal, partly
hollow, perforated shaft on which a cast steel rotor with friction ridges
is clamped. Perforated screens surround the rotor and rice is fed into

the gap between the rotor ana the screen, while a strong, adjustable stream
of air is blown through the shaft and the rotor and then into the rice.

The air cools the grains, separates the loosened bran from the rice, and
blows it out of the machine. The friction in the gap imparts a slight polish
to the grain, and the air keeps the grain cool. The machine is designed
mainly for short grain varieties; with medium and long varieties, there is
considerable breakage of grains and wear on the screens and cylinder, which
are expensive to replace.

The vertical polishing cone is similar in construction to the vertical

whitening cone, however, the cone itself 1s made of wood on which leather
strips are neiled and there are no rubber brakes. As the rice is fed into
the machine, 17 is gripped by the leather strips and rolled against other
grains and the screen. The remaining bran particles are removed, and the

rice becomes more shiny and translucent. The horizontal polisher or refiner

works on the same principle. Both of these simple machines need little
adjustment, operate without significant breakage, and the leather strips can

be readi'y made locally and replaced as required.
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Chapter 5

Perishables

The main perishable staples are cassava, yam, sweet potato, white
potato, taro, bananz and plantain, and breadfruit. In the developing
countries these staples and the major vegetables and fruits comprise over
39 percent of food crops consumed (see Table 2:1). However, their impor-
tance in the diets of many peoples is disproportionally greater than this
because they are the major source of carbohydrate ard energy or supplement
otherwise monotonous cereal-based diets with vitamins and minerals.

For the perspective of postharvest losses, the perishable staples
present a very different set of problems from the durable commodities, the
cereal grains and grain legumes. They have relatively high moisture con-
tent--from 50 percent upwards--and are difficult and expensive to dry and
herice to store as dry products. Furthermore, the dried product is very
different from the fresh and is often less acceptable. Lacking the hard
texture of cereal grains, the perishables bruise easily. Although they are
storage and reproductive parts of plants, even those that are organs of dor-
mancy (such as yams) are metabolically much more active than the seeds of
durable staples and seldom have prolonged dormant periods. Roots and tu-
bers continue to respire and metabolize, albeit at a low level compared
with the growing plant but at a much faster rate than in cereals, as they

158
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maintain the life of the plant through the non-growing season. This fact
limits their extended storage possibilities.

The edible parts of most fruits and vegetables are not the seeds,
which are often discarded, but fleshy tissues whose natural function is to
support the germination and growth of the seed where it falls or to attract
birds or other agents by which the seeds could be spread. The edible tis-
sue is meant to perform these functions when it is ripe, not to serve as a
food store in the dry condition, and its storage life may be only days.

The high moisture content seriously affects loss estimation, since
it is difficult to express weight loss on a constant moisture basis, and
loss of moisture over short periods may be taken to be loss of nutrients.
As noted earlier, reports of loss assessment must be meticulous as to the

age and state of the commodity.

Estimates of Loss

There are few accurate figures available for losses of perishables
measured by a described methodology. Even those loss figures that have
been obtained by direct measurements are of limited value because they cover
the loss for one specific commodity, in one location and for one specific
set of conditions, and the extent of loss in perishable products can vary
greatly within a short time.

Table 5:1 (from FAO and other sources) lists figures for losses in
horticultural produce. The very wide range of loss cited and, in a few
cases, the improbably precise narrow range of loss given in this table re-
veal the inadequacy of data on losses of perishable products. Neverthe-

less, the opinions of a group of professionals (NAS, 1978) with long exper-
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ience with some of the commodities in developing countries produced the
following figures as being typical of the normal ranges of loss experi-

enced under usual marketing conditions:

White potatoes in Chile, Peru and Venezuela 25 to 30 percent
Cassava in Venezuela, Colambia, Ecuador, Do-

minican Republic, and Central America 15 to 25 percent
Tomatoes for fresh market in most developing

countries 50 percent
Yam in Nigeria and Ghana 10 to 20 percent

Although specific examples of loss can be found that lie above or be-
low the ranges cited above, the experienced professionals who provided these
figures believe that they represent a fair overall :.ssessment of current
losses in the commodities named and are sufficiently realistic to be used
as a basis for future planning. They nevertheless consider it worth fur-
ther effort to obtainmore and better figures in orier to identify the speci~-
fic areas where loss reduction activities would b¢ most effective. There is

unanimous opinion that these levels of loss warrant substantial intervention.

Preservation, Storage, and Conservation

Preservation and conservation of nongrain staples is very different
from drying and storage of the durables. In many developing countries there
has been no need (because of abundant cheap supply) or no policy (because
of predominant interest in export, commercial crops, or grain or legumes) for
trying to reduce these losses.

The commodities cover a wide range of roots, tubers, fruits, and ve-
getables, with possibly more differences than similarities between them.

Their storage life ray be as little as a day or two or as long as several



TABLE 5:1

NONGRAIN STAPLES, VEGETABLES AND FRUITS

Losses Reported by Region and Country

(Fram FAO, 1977b Unless Otherwise Indicated)

Poots/Tubers Fruits/Veg.
Region/Country Percent loss Percent Joss  Remarks
AFRICA
Ghana 10 - 20 30 - 35
Nigeria 15 - 60 Yams, Olorunda (1977)
10 - 50 10 - 50
Rwanda 5 - 40 5~ 40
Sudan 50 Lack of transport to
market
ASTA/FAR EAST
Sri lanka 20 - 40
Thailand 23 - 28
Indonesia 10 25; cassava
15 - 25
Philippines 10 - 50
Malavsia 20
India 20 - 30
Jordan 2 - 3 Lack of cold storage
5-10
Iran 5 - 100 Frost in potatoes, Steppe {1976)
14 - 28 Subtropical fruits
LATIN AMERICA
Dominican Republic 24 - 26 25 Except plantain--10;
tomatoes--13; green beans--12
17 cassava, Tejada (1977)
Chile 30 30 potatoes
Brazil 5~ 30 8 - 10 Cassava--10; potatoes--
5 - 30; pineapple--8;
banana, tomatoes, orange--
10
Bolivia 24 17 - 30 potatoes citrus--27;
tamatoes--30; pineapple--
17
Peru 20 - 50 Potatoes, Werge (1977)
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TABLE 5:2

NONGRAIN STAPLES, VEGETABLES AND FRUITS
Postharvest Food Losses by Cammodity

Production Estimated

in LDCs Loss
Commodity (FAO, 1977) Percent Remarks
.000 tonnes
ROOTS/TUBERS
Carrot 557 4y Thompson, in Coursey (1971)
Potatoes 26,909 5 -40 8% in cold store; 20 - u0%
on farm: FAO (1977)
Sweet Potatoes 17,630 35 - 95 Thompson, in Coursey (1971)
Hall (1970)
Yams c. 20,000 10 - 60 FAD (1977) Olorunda (1977)
Cassava 103,486 10 Indonesia, Brazil, FAO (1977)
15 - 25 (see text)
VEGETABLES
Onion 6,474 16 - 35 Thompson (1971); Steppe (1976)
Tomatoes 12,755 20 - 50 Thompson (1971); Steppe (1976)
Olorunda (1977)
5-16 In transport only, Rawnsley (1969)
Plantain 18,301 35 - 100 Olorurda (1977)
Cabbage 3,036 37 Thompson (1971)
Cauliflower 916 49 Thompson (1971)
Lettuce 62 Thampson (1971)
FRUITS
Banana 36,898 20 -~ 80 Olorunda (1977)
Papaya 931 40 - 100 Olorunda (1977)
Mango 12,556 16 Singh (1960)
Avocado 1,020 43 Thompson (1371)
Peaches, apricots,
nectarines 1,831 28 Steppe (1976)
Citrus 22,040 23 - 33 Steppe, Iran (1976)
20 - 95 Olorunda, Nigeria (1977)
Grapes 12,720 27 Steppe (1976)
Raisins 475 20 - 95 Steppe (1976)

Apples 3,677 1y Steppe (1976)



163

months. There are a number of common storage problems that will be outlined

briefly before individual categories of perishables are discussed.

Storage Problems

Storage deterioration is brought ar by endogenous physiological
processes or by attack of pathogens (fungi and bacteria) both of which may
be aggravated by physical damage to the crop.

Insect damage is usually a relatively minor problem of perishables
stored fresh. It most frequently occurs while the root is still in the ground
or the fruit or vegetable still attached to the plant, and ie rvlevant mainly
in that it aggravates fungal problems by providing additional points of entry
to the crep. Fungal damage is also influenced by the lack of rigidity of
perishable crops, as, compared with grains, and the ease with which they
are damaged during harvest or handling. A third major source of storage loss
in roots and tubers is sprouting at the end of the natural period of dormancy.

In general, losses due to physical, Physiological, and pathological
damage are minimized by care in harvesting and appropriate storage treatments
and conditions. In many cases, however, harvest lesions caused by separation
of the organ from the plant are unavoidable. Roots and tubers can be "cured"
to reduce the effects of minor harvesting damage by being kept at high am-
bient temperature (35-40°C) and relative humidity (85 percent) for a few
days. Under these conditions suberization occurs, a healing process in which
a callus is formed over the damaged areas, minimizing the risk of fungal
infection. Lowered temperature generally prolongs storage life, although
it is characteristic of many typical crops to suffer low-temperature or

"chilling" damage when subjected to temperatures below about 10°C.
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Apart frem the curing situation, high storage temperatures are detri-
mental and measures to prevent the produce from being exposed to heat are
of considerable importance,

With fruits and vegetables, low temperature and modified-atmosphere
storage will often provide adequate conservation for those commodities of
sufficient value to justify capital and running costs; however, in many
situations these technologies are not yet economic, particularly in those
which are the principal focus of this study. Simple, inexpensive alterna-
tives are available to make minor storage improvements, but extensive im-
provements will depend as much on administrative and managerial factors as
on technology. These factors include: improved packaging, marketing, and
transport arrangements to move the fruits and vegetables rapidly and with-
out damage between production and consumption, (which can be as simple as
protection from the sun, or as complicated as refrigeration); improved ex-
tension systems to provide better information and inputs (seed, fungicides,
etc.) to farmers; and improved processing facilities and quality control
for local canning, drying, bottling and pickling, where there is sufficient
market for these products. Choice of planting variety for good posthar-
vest quality and storage life, or breeding programs aimed at developing
these qualities, are also important, But it is low-cost cooling systems
that offer the greatest possibility for extending the life of perishables
and radically changing traditional handling limitations. Even relatively
low reductions in temperature could have an enormous impact, making this

a priority area for research.
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Individual Perishable Crops

The remainder of this chapter deals with the major nongrain staples.

Roots and Tubers

Roots and tubers provide the staple food for an estimated 400-500
million people in the tropical world, and of the estimated 1976 world pro-
duction of 558 million metric tomnes, 177 million were preduced in tropical
and semitropical regions (FAO, 1977a). Table 5:3 shows estimated production
of the main species by region in 1975 (the last year FAO production estimates
were so reported). Cassava production in developing countries (105 million
tonnes in 1976) made it the second most important crop after rice (Table
2:1, Chapter 2).

Coursey and Booth (1972, 1975) estimate that 23 percent of the total
production of root crops is lost due to an inadequate understanding of
storage needs. Most storage problems are related to the physical character-
istics of the stored root crop. Roots and tubers are living, actively meta-
bolizing organs that continue to respire and transpire at much higher rates
than the dry, dormant grains of durable crop products after harvest. Un-~
like the food grains, they are high in moisture content and are essentially
perishable commodities susceptible to mechariical damage, physiological
breakdown, and attack by fungi and bacteria.

This fact has long been recognized in developing countries, where

cassava is usually left in the ground until needed; once harvested, the roots
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TABLE 5:3

orld (m1lion metric tono) efter FAO (19752)

|

?
Sweot r&iscenanooui
Casnava Potato Yam Potato Taro Root Cropso Total

Africa 42,844 2,039 19.279 5.539 3.569 10446 744716
Latin America 32,201 8.951 0.291 3.379 - 0.811 45.633
Near Esst 1.128 44706 0.260 0.094 0,059 - 5747
Far East | 27,643 8.445 0.030 8.764 0.090 1.674 46,645
Othor 0.221 0,006 0,700 0.560 0,262 0.390 1.639 '

I
Developing ’ ,
Horld Totel 104, 037 23,647 20,060 18,336 3.980 4.321 | 174. 381 '

*Inoludes Xanthosona, arrowroot, arracacha, yam beans, oca and olluco
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are either used immediately or processed into dried products with longer

storage life. Occasionally, yams are also left in the ground until need-
ed, but usually they are stored hanging on supports, stacked on racks, or
kept in boxes that allow the air circulation necessary to the metabolism

of the detached tuber.

The traditional system allows cassava to be harvested over a long
period, but Ingram and Humphries (1972) estimate that the practice of leav-
ing cassava in the ground until required unnecessarily occupies 750,000
ha of agricultural land. In addition, losses due to pathogens can increase
when the roots remain too long in the ground. Further, although the roots
may continue to grow with the plant they become more fibrous and woody, with
a decrease in both nutritional value and extractable starch content.

Investigations at the Centro Internacional de Agricultura Tropical
(CIAT) (1973, 1974; Booth, 1973, 1976, 1977) identify two types of post-
harvest deterioration, termed primary and secondary.

° Primary deterioration usually makes the roots unacceptable for
consumption and is initially manifested by blue-black streaks in the vascu-
lar tissue.

° It is generally associated with mechanical damage, expecially a
harvest lesion where the roots are separated from the plant. The possible
role of microorganisms at this stage has not yet been clarified. The dig-
coloration spreads and causes a more general, brown discoloration of the
root tissue.

© Secondary deterioration involves a widespread invasion of the tis-

sues by any of a number of destructive fungi, which are not, however, pri-

mary pathogens.
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Factors responsible for storage losses in root crops have been re-
viewed by Coursey and Booth (1972) and Booth (1874). Five principal fac-
tors operate to bring about the deterioration:

1. Physical processes. Purely mechanical damage to the produce, such

as lesions produced at harvesting, crushing or breakage, and spillage or
loss from faulty containers is common. Such damage causes further storage
problems by enabling penetration by pathogens and stimulating physiological
changes.

2. Autolytic processes. Chemical or biochemical changes in the pro-

duce may arise as a result of reactions in the produce that are purely in-
ternal or that occur between it and its environment.

3. Insect attack. Durable produce in store often become infested

with insects or other arthropods, causing both actual loss of the produce
and partial or complete spoilage of what remains. With most root Crops,
these are usually of only minor importance, except with roots stored in
dried form, which then behave like durable crops.

4. Microbiological attack. Many species of fungi and bacteria, whose

initial invasion may occur either pre- or postharvest, have a deleterious
effect on stored root crops, and in some cases--especially in tropical cli-
mates-- can cause serious losses.

5. Rodent attack. The damage done to stored crops by rodents and

occassionally by other vertebrates is well known. Conventional control

leasures, as developed for grain storage situations, can be applied.
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Cassava (Manihot Esculenta)

The role that cassava can play in industrial development has
been inhibited by storage problems; substantial deterioration can occur
even during the few days that buffer stocks of fresh roots are being
held at the factory to await processing. Where the crop is marketed
as a fresh vegetable, considerable losses ocour at all stages in the mar-
keting chain, especially where the market is some distance from the farm.
Booth and Coursey (1975) speculate that cassava may differ from other
root crops such as yams, potatoes, and sweet potatoes as a result of its
evoluticn, and suggest that "the swollen edible roots developed as an
articfact of domestication by man in the comparatively recent past rather
than as a response to any climatic stimulus.”" The cassava root thus
appears not to be an organ of dormancy, which may explain its inherently
poor storage qualities.

The rate at which deterioration occurs appears to differ con-
siderably between cultivars (Montaldo, 1973; Booth, 1976), beginning
from 0-7 days after harvest. This rate may also be related to the
differences that exist between cultivars in ease of harvesting, with
resultant differences in amounts of mechanical damage. Selection of
cultivars for good storage and handling properties is being undertaken
at a number of centers, particularly CIAT and IITA. Recent studies have
suggested that plant growth regulator systems are involved, and that
deterioration may be inherently associated with detachment of the root
from the plant.

Curing. Curing has been widely used for enhancing the storage

life of a number of root crops such as potatoes, yams, and sweet potatoes pyt



170

not so far for cassava. At relatively high temperatures and humidities,
wounds are healed and subsequent deterioration delayed or limited. Booth
(1873, 1976) reports that at a relative humidity of 80-85 percent and tem-
peratures between 25-40°C suberization occurs in cassava in 1-4 days and
a new cork layer forms around wounds 3-5 days later. At 40°C and above,
primary deterioration usually takes place before the wound can heal. Cur-
ing delays the onget of primey deterioration and reduces both secondary
deterioration and moisture loss. Curing arrests only previously acquired
damage, and if the produce is handled again recuring is required to inhibit
further deterioration; thus, the number of times roots are handled should
be minimized.

Storage Techniques. Traditional techniques exist for storing small
amounts of fresh roots that are successful for several days or even weeks
using either reburial, coating with mud, placing under water, or piling in
heaps and giving a thorough daily watering. Ingram and Humphries (1972) cite
several cases of successful storage of larger quantities of fresh cassava
roots for longer periods using various simple techniques such as burying,
with success considered due to curing of the roots. Successful trials of
curing followed by storage achieved in simple field clamps or in boxes
packed with moist material have been carried out at CIAT (Booth 1973; Booth
and Cousey, 1974; Booth, 1977)., The experience indicated that successful
clamp storage of quantities up to 500 kg/clamp can be achieved for periods
up to 3 months under relatively cool, moist conditions, whereas during hot,
dry conditions, almost complete loss of roots occurred after one month.
This may result from rapid deterioration inside the clamp where the temper-
ature has exceeded 40°C, and appropriate ventilation should be included
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where this is likely to occur. Although excess moisture should also be
avoided to prevent rotting, small amounts of moisture help to keep the
clamp cool. Clamp design therefore tends to be highly Jocation specific.

Packing freshly harvested cassava roots in moist sawdust in boxes is
also reported to be very effective in storing them for 1-2 months. Moisture
content and temperature appear to be critical; if conditions are too dry,
curing does not occur and primary deterioration results; if too wet, second-
ary root development and rotting occur. Local ambient temperature under
shade (around 26°C) appeared most satisfactory. This method, which also
provides a simple and relatively inexpensive means of transporting and
marketing the roots without further handling, appears particularly suited
for farmers producing for commercial markets some distance from the farm.

Waxing cassava is reported (IIT, 1973) to extend life of cassava to
30 days by reducing the rate of gas transfer between tissues and the atmos-
phere; this approach should be pursued further,

These techniques appear to be a major contribution toward solving the
problem of longer-term storage of fresh cassava, offering simplicity for both
curing and storage in a single operation, and an acceptable weight of usable
produce after storage periods of weeks or even months. However, the factors
involved are not fully understood, and storage is not always successful.
Further location-specific, adaptative research appears to be needed.

Storage of Dried Cassava Products. A variety of dried cassava products
is prepared in Africa, Asia, and Latin America according to local needs, tra-
ditions, and tastes. There has been comparatively little research into the
storage of these products, perhaps because they are of relatively low commer-

cial value and improved storage technology may be considered uneconomic.
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The problems of dried cassava storage are similar to those of
grains. Drying below a critical moisture content of 12-13 percent is
the first essential for successful storage, and insect attack, rather
than endogenous or pathological processes, is a major cause of
storage loss. The principal losses in storage resulting from the the
activities of insect pests are tabulated by Ingram and Humphries (1972).

The main products of dried cassava are chips, flour (ground
from the chips), and several kinds of granular meal.

Cassava Chips

To make chips, roots are washed, peeled, and chipped or sliced
into suitable sizes, then dried. Sundrying, usually the only process
that is economic, takes 3-10 days depending on the weather. When the
moisture content is reduced to 12-13 percent, the chips have good storage
qualities, but if stored too long they are subject to insect attack,
atmospheric moisture absorption leading to mold and souring. If properly
dried, chips will usually keep from 3 to 6 months before becoming exces-
sively infested; if necessary, they can be redried in wet weather. Chips
made from bitter cultivars are said to store best. Delayed drying after
harvest affects storage qualities of the chips adversely.

When properly prepared the chips are crisp and white and break
easily without crumbling. They have a comparatively low density, which
means they require relatively large storage facilities.

Parboiled chips, commonly made in India, are reported to have
a longer storage life than ordinary chips; however, this may reflect
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greater care in storage rather than inherent properties. Bags lined with
polythene reduce moisture uptake and insect infestation. Chips are readily
attached by insects, and losses in exports from Tanzania some years ago
were reported to amount to10-12 percent. Conventional insect control using
a variety of chemical sprays and fumigants, combined with careful disinfes-
tation of warehouses before storage, is generally effective.

Any fungal infection of chips usually begins during the drying
period, particularly if this is extended on account of wet weather. It
can be controlled to some extent by steeping the chips in sulfurous acid

(Ingram and Humphries, 1972).

Cassava Flour

Grinding or pounding the chips produces cassava flour or meal.
This presents a different set of storage problems, and it is recognized
to be more difficult to store in bulk. Fortunately, some insects that
attack chips do not thrive in flour, suitable bags can provide a barrier
to those that do. Flour also takes "p moisture and becomes sour more

readily than chips.

Cassava Granules: Gari and Farwnha de Mandioca

Two important dried cassava products are the West African gari
and the similar Brazilian farinha da mandioca. Well-prepared gari will

keep for several months, but it is subject to fungal attack if not properly
dried: moisture levels of 12-13 percent are the maximum for safe storage.
Gari is normally consumed soon after production and is not stored fop long,

as it takes up atmospheric moisture rapidly and molds easily.
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Yams (Dioscorea Spp.)

Yams, like most staple food crops, are not all consumed immediately
after harvesting; they are a highly seasonal crop and the tubers must be
stored at least for several months, from the end of one harvest to the begin-
ning of the next. This is possible because the tubers have inherently long-
er storage life, being organs of dormancy, than most perishable foods.

Storage Practice. Being largely crops of farmers with small
holdings, yams are generally stored in limited quantities, rarely more than
a few tons and often less. Storage in markets is usually of short duration
as stocks are turned over rapidly, with reserves of yams being held by
the farmers and sold off gradually throughout the year. A substantial
proportion of the yam crop is used for subsistence and never even appeart
in local trade.

Yams are sometimes simply left in the ground until they are

required for food or sale, especially in some of the remoter parts of

West Africa, but better storage methods are used in most districts.
After lifting, they may be simply piled into gmall heaps of only a few
dozen tubers, sheltered from sun or flooding in such places as crevices
in outcrops of rock or between the buttresses of large trees. Alterna-
tively, yams may be stored without any special arrangements or precau-
tions in ordinary storerocoms or in sheds or huts, either not in use or
specially constructed for this purpose. Small thatched mud-block or
wattle-and-daub huts are sometimes built for yams, or the space under
houses or piles or stilts can be utilized. The importance of good ven-

tilation in such stores, even under the subtropical conditions of the
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southern United States, has been emphasized by Young (1923), and the
need for shade has been emphasized by Coursey and Nwanko (1968).
Throughout most of West Africa, the world's largest yam-growing
area, the usual type of store is the "yam barn" (Plate ). Yam barns
vary considerably in design and construction between regions, but all
consist, in principle, of an approximately vertical wooden framework ?2
meters or more high to which the yam tubers are individually tied. The
length of the frames depends on the amount of material to be stored. The
vertical poles of the frame are frequently of timbers which will take root

and sprout when set in the ground, e.g., Dracaena, Gliricidia, Ximenia, or

Gmelina. This reduces the danger of termite attack or decay and, after
the poles have sprouted, they provide some of the shade necessary for
successful storage. The cross-members of the frame may be of lighter timber,
bamboo, or palm leaf midribs. A palm thatch roof may be provided, and
two or more frames are often erected alongside each other and the whole
barn surrounded by a fence or hedge for Ssecurity.

In practice, these structures are highly effective. The tubers
receive adequate ventilation and are protected from termite attack and
danger of flooding. The construction materials cost little, or are often
cut as required from the forest for nothing.

Rather similar structures ("huttes-greniers") are used in parts

of Oceania, consisting of platforms of light poles supported above ground

level or vertical poles that also carry a roof of straw or thatch. The



176

yams are stacked vertically on this platform, and further horizontal
poles fixed around the platform to prevent them from falling off (Figure
.

Evperiments in Nigeria on storing yams in "clamps" like those
used for potatoes in Europe (Waitt, 1961) gave somewhat variable results,
some cultivars stering better in clamps than in barns, while for others
the reverse was true. Clamp storage has not been adopted in practice
although further investigation would be of interest.

Experiments on the storage of yams in underground pits have
also been undertaken but have not proved very successful, since the
fundamental requirement of yam storage--ready availability of air--was
not satisfied. Similarly, storage in hermetically sealed containers
or silos, which has proven very satisfactory for grain and legume crops,
has not worked well with yams.

Storage Loss Estimates. The opinion has become widespread
among agriculturalists that "yams store well, " probably arising from
the fact that storage deterioration of yams usually manifests no
immediately obvious defects. There is no doutt that compared with most
nongrain staples yams have an inherently long storage life. There are
great variations of storage suitability between species and cultivars,
or even within cultivars, influenced by such factors as conditiors of
growth, time of harvest, and fertilizer treatment. Gooding (1960)
quotes loss after 4 months' storage as between 7 and 23 percent in

different Dioscorae alata cultivars. Farmers are usually well acquainted

with variations in storage quality between forms grown in their area.
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FlgLre . "Huttes-greniers" used for stori
ams
in Oceania (after Barrau). i

Yam tubers are sometimes suspended individually on strings from
horizontal poles, themselves supported above ground level on forked sticks
set in the ground. This has 