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PREFACE

In recent decades, available resources for developing the agricultural
sectors of lesser developed economies have been concentrated in projects
designed to stimulate production and productivity. This strategy has produced
the following positive results:

- An increase in total grain yield per hectare of the order of 42% (36).
- An increase of approximately 78% in total grain production (36).
- A total rate of growth of production very similar to that of the

more developed countries (28).

Thus accordlng to some world statistics (36), we are now very close to
producing the total quantity of food theoretically necessary to supply mini-
mum nutritional needs. Nevertheless, in Caribbean and Latin American Countries
alone more than 36 million people suffer from HUNGER and/or a critical state
of malnutrition (28).

The preoccupation with the high level of post harvest food losses on a
worldwide basis culminated in September of 1975 in a resolution from the Se-
venth Special Session of the United Nations General Assembly assigning priority
to the reduction of post-harvest food losses by 50 percent by 1985. Since
that resolution, attention has been concentrated on the preparation of a manual
for estimating post-harvest grain losses (77) and the identification and im-
plementation of infrastructure projects (e.g. silos) to reduce these losses.

With the exception of selected trials and experiments with a few products,
in a few countries, very little has been done in the quantification and reduc-
tion of post-harvest losses of perishable produce such as fruits, vegetables
and root crops. This document is an attempt to help fill this vacuum, by
offering a methodology towards this end, using a systems approach and with and
orientation towards the identification of specific projects to reduce losses.

It was originally presented in Spanish at the Seminar on Reduction of
Post Harvest Food Losses in the Caribbean and Central America sponsored by
IICA and held in Santo Domingo, Dominican Republic during the period August
8-11, 1977. The principal author is Dr. Rafael Amezquita, a specialist in
food Technology with many years of experience in his home country of Colombia,
as well as the Dominican Republic, Mexico, Jamaica and other Central and South
American Countries.

The original version of this document was considered an important first
step in the preparation of a technical manual for investigating and quantify-
ing post-harvest food losses of perishable produce. It was prepared with the
hope of stimulating investigation in this important area, in countries in and
around the Caribbean, and has in fact done so in the Dominican Republic, Gu-
yana and Mexico.

Dr. Amezquita and colleagues were working on a more complete revised
version when he died suddenly in May 1978 in Mexico City, Mexico.

This one
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- Due to the considerable interest in the reduction of post-harvest
losses of perishable produce in the English speaking Caribbean, and the
scarcity of publications analyzing the problem from a systems paint of
view, IICA decided to edit this document and translate it into English.
_The translation and publication were made possible by a grant received
from the Commonwealth Secretariat.

It is hoped that this booklet will serve as a stimulus to those .
countries in and around the Caribbean to take a closer look at their post
harvest food losses and develop systematic programs for quantifying losses
and reducing them where practicable. Nothing would have pleased Rafael

Amezquita more.
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A METHODOLOGICAL APPROACH TO INDENTIFYING AND

REDUCING POST HARVEST FOOD LOSSES

I. INTRODUCTION

Since the world was created, food supply has been one of the main worries
of the human being. During all this time a continuous learning process has ta-
ken place with regard to the production, ctonservation and utilization of foods
and many remarkable advances have been attained. Mankind, however, has not yet
been able to overcome the necessary barriers to provide an adequate food supply
to the citizens of the world. (28, 36).

In our time, and especially in recent decades, the world food situation,
has gone through several stages: from the pessimism of the years 1965/66 we
moved through the green revolution optimism (1967-70) only to return to a
period of skepticism (1974 - present).

Figures 1, 2 and 3 and Tables 1 and 2 give ample testimony to the seri-
ousness of the existing situation. As can be noted, it took 50 years for
world population to grow from 2,000 to 4,000 million (1925 to 1975). The
present projections, however, indicate that the next duplication shall occur
in the following 25 years (1975 to 2000). The worlds annual population growth
rate is actually 1.97 percent (1977) and is tending to increase. In the under-
developed countries, which account for the majority of the present world pop-

ulation (2.8 billion persons), the average growth is 2.4 percent per year.



FIGURE | . WORLDWIDE POPULATION INCREASE

MILLIONS OF
PERSONS

4000

3000 o

2000 _] -

1000

| | | | 1 ' |
1600 1800 2000
YEARS

Source : TECH. FORECASTING, MEYER, 1975



(2 ‘82) vasn ‘ovd :304NOS

ollvindod . d NOILONQO¥d Q004 4 NOILVINdOd . d NOILONQO¥d @004 : 4
0.6l Ss6l 0.6l GS61

_ \ | | _ _ L |
— — 08
— —
[ [~ 00l
— — ozl

S3IMLNNOD 9NIdO13A3QA S31YLINNOD (3dO13A3Q
% %

(G961-1961 40 %)
NOILVINdOd ANV NOILONAO¥d 4004 NI 3ASV3YONI .2 34¥Nn9id



FIGURE 3. FOOD PRODUCTION
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TABLE |

VARIATION

IN THE ANNUAL RATE OF INCREASE
OF THE WORLD POPULATION.

YEAR Population n A nnual Rate ot Increase
mitllions
2000 7692 2.63
1976 4 000 1.97
1975 3922 0. 42
1600 470 0.044
-2400 30 0.022
-7000 10

Source. Based on MEYER,F.y J. VALLE, TECHNOLOGICAL STUDIES,

7,285 (1975).
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TABLE 2. PERCENTAGE OF INCREASE IN FOOD PRODUCTION IN RELATION TO THE WORLD
POPULATION AND ITS PRINCIPAL REGIONS 1952-62 AND 1962-72.

1952 - 62 1962 - 72
GEOGRAPHICAL Demogra- Food Demogra- Food
phic Production phic Production
REGIONS Increase Increase
Total| Per Total| Per
Capita Capita

Annual Percentage Increase*

Developed

Market Economies*#* 1.2 2.5 1.3 1.0 2.4 1.4
Western Europe 0.8 2.9 2.1 0.8 2.2 1.4
North America 1.8 1.9 0.1 1.2 2.4 1.2
Oceania 2.2 3.1 0.9 2.0 2.7 0.7
Eastern Europe and

U.R.S.S. 1.5 4.5 3.0 1.0 3.5 2.5
Total Developed Countries 1.3 3.1 1.8 1.0 2.7 1.7

Market Economies in

Process of Development** 2.4 3.1 0.7 2.5 2.7 0.2
Africa 2.2 2.2 - - 2.5 2.7 0.2
Far East 2.3 3.1 0.8 2.5 2.7 0.2
Latin America 2.8 3.2 0.4 2.9 3.1 0.2
Middle East 2.6 3.4 0.8 2.3 3.0 0.2
Asian Countries with

Centralized Planning 1.8 3.2 1.4 1.9 2.6 0.7
Total of Developing 2.4 3.1 0.7 2.4 2.7 0.3
Countries

Total Werld 2.0 3.1 1.1 1.9 2.7 0.8

*percentage of growth trends compounded annually.
**Includes countries from non-specified regions.

SOURCE: FAO. 1974. The Present State of World Agriculture and Nutrition.




These 2.8 billion persons produce only 40 percent of the total world food
supply.

Although the production of the total food supply increased almost at the
same proportion in the underdeveloped countries as in the developed countries
(Figures 2 and 3), the per capita production in the underdeveloped countries
only barely maintained itself in proportion with the growth of population.

Notwithstanding that the 1974 world population disposed of 20 percent
more food per capita than the 1954 population, in 34 of the underdeveloped
countries, that is almost 40 percent of the total, the food production could
not keep up with the population growth during the same period. In the 1962-
72 period the food production per capita in Latin America increased at an
average annual rate of 0.2 percent.

Due to the great progress obtained in food production in many developed
and developing countries, the malnurished proportion of their population has
decreased considerably. However, in the third world as a whole, and according
to United Nations data (28), the absolute number of hungry persons has in-
creaéed.

Table 3 shows the daily dietetic rations recommended in accordance with
age, type and activity of persons while Table 4 shows the nutrition energetic
value and the daily protein supply in Latin American countries. Even though
Latin America in general does not offer a pessimistic panorama, there are
enbugh isolated cases of countries where the situation is near critical and
tremendous efforts will be required in order to induce recovery. According
to the information available in some countries (Tables 5 and 6) and as logic

would dictate, the population groups with the lowest income consume smaller
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TABLE 4. AVERAGE AVAILABILITY OF ENERGY AND PROTEIN BY REGION.
Energy in
Energy Protein Percentage
of Needs
GEOGRAPHICAL
REGIONS 1961 | Average |1961 |Average |1961 |Average
1969-71 1969-71 1960-71
Kilo-Calories Grams Percentage
per capita per capita of needs
Developed Market Economies 2950 3090 87.5 95.1 115 121
Western Europe 3020 3130 9.3 93.7 118 123
North America 3110 3320 92.3| 105.2 118 126
Oceania 3210 3260 92.7| 108.1 121 123
Other Developed Market
Economies 2420 2550 73.3 79.1 102 108

Eastern Burope and
U.R.S.S. 2990 3260 85.8 99.3 116 127

Total Developed
Countries 2960 3150 87.0 96.4 116 123

Market Economies in

process of Development 2130 2210 55.0 56.0 93 97
Africa 2120 2190 55.7 58.4 91 94
Far East 2050 2080 51.3 50.7 92 94
Latin America 2410 2530 63.7 65.0 100 105
Middle East 2200 2500 62.3 69.3 89 102
Asian Countries with

Centralized Planning 2020 2170 54.7 60.4 86 92
Total Developing

Countries 2100 2200 54.9 57.4 91 95
Total World 2380 2480 65.2 69.0 100 104

SOURCE: FAO. 1974. The Present State of World Agriculture and Nutrition.
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TABLE 5. ENERGY AND PROTEIN IN-TAKE OF STUDENTS AT

HYDERABAD.
Calories Proteins

Age Groups Low High Low High
Incomes Incomes Incomes Incomes

7 -8 1429 2186 37.0 678

9 -10 1411 2343 36.5 62.1

I - 12 1292 2833 34.5 72.2

13 - 14 1374 2585 355 75.5
All Groups 1376 2485 35.9 69.4

Source : DIET ATLAS OF |INDIA, NACIONAL INSTITUTE OF
NUTRITION, ICMR, INDIA.
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amounts of food and consequently have the lowest levels of caloric and pro-
teinic intake.

The situation turns even more dramatic when we consider that, when
there is insufficient food for the whole family, the working adult consumes
the greatest volume of available foods, as the inactivity of a child is not
as serious as an inactive adult for the survival of the family. This is
especially serious for children and pregnant women who have greater nutri-
tional needs.

The retardation in child development brought on by malnutrition is
often not related by the parents to nutritional deficiencies, even though
the limited physical evolution and the animic condition of the adults them-
selves is in a great measure a living demonstration of the hunger they suf-

fered when they were children.

The causes of malnutrition are many and very complex. In rural areas;
land, water, capital, technical know-how, access to information, credit, and
other farm inputs are distributed in an unequally manner. The production
patterns oriented to satisfy demands of international markets,or national
groups with sufficient purchasing capacity, do not always favor diversifica-
tion nor the total use of available resources. The inability to guarantee
proper distribution of basic food products increases the many difficulties
which aflict the small farmer and which contribute to perpetuate his poverty
situation and therefore his state of malnutrition.

Table 7 indicates the approximate number and percentage of persons in
the world who actually have a deficient protein and calory intake. In Latin
America some 13 percent fall into this category -- equivalent to approximate-

ly 36 million persons.
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TABLE 7. ESTIMATED NUMBER AND PERCENTAGE OF
PERSONS WITH PROTEIN AND CALORY IN-TAKE

BELOW LOWER LIMIT.

Percentage
. with calory | nNymber of people
Population intake below| pejow the
the. k.’wer lower limit
limit
Billions Percentage Millions
Developed Countries 1. 07 3 28
Developing Countries * .75 25 434
Latin Americo 0.28 13 36
Far East 1. 02 30 301
Middle East 0.17 I8 30
Africa 0.28 25 67
Total 2.83 16 462

¥ Excluding Asian countries with centrally planned economies.

SOURCE. FAO. 1974. Present state of World Agriculture and Nutrition.
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With respect to the demand for food in the developing countries, it
can be observed (Table 8) that for the next 15 years an annual increase is
foreseen which will vary from 2.4 percent for sugar to 6.1 percent for
poultry. For Latin America, data indicate an expected increase rate of
food demand over the next 15 years on the order to 3.6 percent per year,
while the expected annual increase in agricultural production for that same
period is projected at 2.9 percent.

These data lead us to consider another aspect of the world food situa-
tion, which if the necessary measures are taken, may help considerably to
close the breach between the real demand for food and available supply. That
to which we are referring is: THE REDUCTION OF 'POST HARVEST FOOD LOSSES.

World-wide statistics vary considerably in the estimation of food losses.
This i§ due, in part, for the lack of a standard methodology accepted by
researchers on the subject matter. Nevertheless, if we look at preliminary
estimates presented in Table 9, the figures are substanfial, in most cases
exceeding 15 percent of production and sometimes reaching as high as 80 per-
cent, The causes are also variable, with insects, fungi, rodents, climate
and improper handling practices being the most common.

In 1948, Cotton estimated, based on a survey carried out in 27 countries,
that some 65 million metric tons of food, sufficient to provide caloric needs
for more than 100 million persons (26), were lost annually,

In 1975, Pimentel and other researchers estimated that total world post-
harvest food losses where on the order of 20 percent and that in the lesser
developed economies these losses reached as high as 48 percent. FAO, at the

same time, estimated that in general, and due to diverse causes, between 20
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TABLEO . PHYSICAL LOSSES OF SOME FOOD PRODUCTS DURING THE POST HARVEST PERIOD /1

PRODUCT /2 COUNTRY OF TosoRs CAUSES

Corn (1) Colombia 20-45 Condensation, insects
diseases

Sorghum (2) Colombia 15-60 Condensation, insects
diseases

Barley (2), (3) Colombia 12-45 Diverse

Wheat (3) Mexico 12-29 Diverse

Beans (4) Colombia 15-75 Condensation, insects
diseases

Chick-pea (4) Colombia 18-60 Condensation, plagues
diseases, etc.

Vetch (4) Colombia 23-65 Condensation, plagues
diseases, etc.

Rice (5) Colombia 16-45 Condensation, plagues
diseases," etc.

Rice (6) Philipines 10-37 Condensation, plagues
diseases, etc.

Potatoes (7) Dominican Republic 12-50 Diverse

Potatoes (8) Colombia 25-48 Diverse

Tomatoes (9), (10) Colombia 35-70 Diverse

Plantain (11) Colombia 28-65 Diverse

Casava (12) Colombia 40-75 Diverse

Onion (9), (10) Colombia 15-38 Diverse

Pineapple (13) Cuba 40-50 Plagues, diseases

Oranges (15) Florida, U.S.A. 15-30 Plagues, diseases

Pineapple (15) Colombia 35-70 Diverse

Strawberries (11) California, U.S.A. 14-48 Disease

Sweet potatoes (17) Puerto Rico 50 Plagues, diseases

Mulberry (9) Colombia 35-90 Diverse

Sorghum (19) Congo (Afr) 50-70 Insects

Grains in general (20) North and South America 5-50 Diverse

Corn (21) Tanganyika 80 Insects

Corn (22) Georgia, U.S.A. 11-37 Insects

Grains (23) Peru 10-18 Diverse

Grains (24) Mexico 15 Diverse

Grains (25) Ecuador 20 Diverse

/1 In many cases reference is made to local studies and not to total losses in the
country of reference
/2 The number corresponds to the source reference
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and 33 percent of all food produced in the world is lost (28). This would
mean annual losses between 400 to 675 million metric tons of food. Y

If we restrict our analysis to Latin America and exclusively the pro-
duction of energetic foods, and of those rich in protein and vitamins (28),
total food losses would be on the order of 38 million metric tons annually.
That is to say, an amount equivalent to more than twice the volume of total
food imports by all Latin American countries in 1974 -- valued in excess
of US$5,000 million dollars. Assuming that a more or less balanced ton of
food could feed 3 persons during a year, we are theorically losing food
sufficient to feed more than 45 million persons.

Continuing with our analysis and reviewing once more the figures shown
in Table 7, Whiéh:indicate that there are approximately 36 million persons
in Latin America and the Caribbean with serious malnutrition problems, we
can conclude that the possibilities to resolve at least part of this food
problem may be:within our reach. And that by taking the necessary steps to

greatly reduce the nost-harvest food losses we could likewise be helping to

meet a portion of the annual increase in food demand.

II. THE ACTUAL SITUATION IN POST HARVEST FOOD SYSTEMS ANALYSIS
Figure 4 represents the post harvest system and some of the stages
through which a product moves between harvest and the final consumer. Accord-

ing to sevéraliauthors (3, 9, 40, 45) many general observations can be made

1/ Calculation based on total volume of world food production.
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here:

a) The post harvest system is a complex process made up of many variables
which affect the final result.

b) In it intervene the technical as well as social and economic aspects.

c) Those affected, either positively or negatively, include all those who
intervene in the system, and through them, the country itself.

(Figure 8).

d) Taken as a group, the food industry is the most important in the world
in terms of volume, value and number of persons employed (37).

Many authors point out that in our medium, and from the technical, social
and economical points of view, the steps in the marketing process do not hap-
pen nor succeed each other under a harmonious and ordered process, but are
interrupted and or restricted by deficiencies which often lead to negative
results (3, 7, 9, 38, 40). The final result is an inefficient use of agri-
cultural production and of considerable losses in both effort and product
(3, 33, 18). '

Some of the most common deficiencies in the marketing system are:

a) An inadequate organization of marketing channels to meet the countrys
needs.

b) A deficient use of available technology during harvest, selection,
packing, transportation, storage, conservation and distribution of
food products.

c) Lack of'knowledge (or nonexistance) in the national institutions of
research programs and poor desemination of new technologies in the

sciences associated with marketing.
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d) Lack of services, guides or information regarding prices, markets,
standards, etc.

e) Deficient, and at times nonexisting, infrastructure to carry out,
under minimum conditions and quality control, the interchange and
handling of agricultural products.

In, Figures 4 and 5 we see that concepts and technologies of diverse
sciences or disciplines intervene directly or indirectly in the marketing
process. These include: Engineering; Agronomy; Chemistry and Biochemestry;
Food Technology; Economy; Sociology; Ecology; Administration; Politics,
and others.

How and with what effectiveness have the intervention of these disci-
plines been in the marketing process, especially in efforts to reduce the
pos£ harvest food losses?.

In the United States, Canada, Europe, Australia, Japan, and other
developed countries there zre excellent teaching and research centers con-
cerned with different aspects of pést harvest problems. The results have
been highly beneficial for the respective commercial systems, however, in
Latin America the situation is very different.

a) In most of the Latin America and Caribbean countries there are very
few institutions dedicated to investigating and solving problems
related to post harvest food losses.

b) The participation of the diverse sciences mentioned above has been
in general fragmented and individualistic by discipline, specializa-
tion, or areas of interest, consequently, the problems are resolved on

a case study basis, under the misconception that partial solutions
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will resolve the faults of the overall system (41, 42).

Some disciplines participate only superficially or are not taken into
account at all, resulting in too low levels of priority assigned to
important areas, or misorientation of solutions.

Individually, by discipline, works are carried out, some of them yield-
ing excellent results. Nevertheless, and especially in the field of
research, the '"scientific hobby' and/or the ''contribution to interna-
tional science' tend to prevail over approaches towards finding real
solutions to national probliems.

Even though numerous works and technologies have been developed in
other countries, their direct application in the developing world

has met with many problems. This is often due to the fact that
technologies are often developed under special conditions or for
specific climates, ecologies, economies, ideologies, cultures, etc.

In the world in general, and especially in Latin America and the
Caribbean, human and financial resources dedicated to resolving pro-
blems of post harvest losses are very limited and at times nonexistent.
Figure 6 clearly shows the great disparity which exists between resource
allocation for crop production and for post harvest activities (crop
protection). The situation turns even more dramatic if we consider that
in the case of crop protection (4 percent of the total of invested
resources) investments made in agricultural inputs such as insecticide
and fungicide (pre harvest costs) are also included.

In Universities and intermediate educational centers, minimum emphasis

is given to post harvest activities, processing and agroindustrializa-



23

FIGURE 6. VALVE OF FARM INPUTS FOR WORLD AGRICULTURAL
PRODUCTION 1962 AND 1985.
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tion. Libraries, laboratories and information centers often lack
materials and services, which quite frequently leads to duplication
of research and investigations already carried out elsewhere.

h) Preliminary research indicates that in Central America and Caribbean
countries few national institutions consider the post harvest loss
problem from a systems point of view. On the contrary, in the best of
cases there is a tendency to concentrate on specific aspects of the
problem, which méy be neither the most limiting nor the most important
in the solution of the problem.

i) Due to the lack of an adequate conceptualization of the problem (39),
except in some individual cases, it follows that there cannot exist
adequate national policy, nor an adequate institutional strategy and
oféanization to direct remediable actions through well elaborated pro-

grams and projects.

III., A METHODOLOGY FOR THE ANALYSIS OF POST HARVEST FOOD LOSSES.

Many of the aspects which shall be mentioned in this chapter are derived
from experiences in the Dominican Republic and Colombia (4, 7, 9, 10, 33).
The general guidelines of the methodology (44) are the same as those followed
in post harvest loss studies co éucted in these countries, consequently it
can be said that a great part 6f this methodology has already been field
tested, under real world conditions and with very favorable results.

The purpose of this chapter is to clarify some basic concepts; to propose
a definite methodological approach, and to delineate the most important steps

and aspects for the implementation of diagnostic studies which will yield a
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realistic image of the amount, nature and cause of food losses. Once this
type of information is available it will then be possible to identify and
prepare specific projects to reduce the food losses. General guidelines for

identifying such projects will be discussed.

3.1 Objectives

The specific objectives of this manual are the following:

1. To provide some basic elements related to approach and criteria
so as to facilitate basic investigation and to estimulate a
better and more in-depth understanding of the post harvest loss
problem.

2. To propose a step-by-step methodological approach to identify
the most important technological deficiencies in the internal
marketing system and the different kinds of food losses.

3. To propose some criterion useful to quantify, in a realistic
form, post harvest food losses originally intended for human
consumption.

4. To suggest some important consideraticns for the identifica-
tion and preparation of development projects to reduce food

losses.

3.2 Post Harvest Life of Foods

As with all living organisms, fresh food is made up of tissues
and/or cells in which occur the physiological and pathological processes
associated with life. These cells breath through a series of complex

reactions in which essentially the fats, starches and sugars, stored
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in the tissues with the presence of oxygen, are converted to carbon
dioxide and water. The energy released from this process is used in
part for the reactions and activities related to the maintenance of
life while the other part is dissipated in the form of heat.

Up to the present time no technology has been developed which can
completely detain the deterioration process in food, whether fresh or
processed. Consequently, once food enters the post harvest state it
begins a process of continuous deterioration, and the success of
marketing depends in great part on the capacity and effectiveness of
the marketing system and the methods used to slow or reduce the speed
of the processes which cause the deterioration.

Most of the chemical reactions in fresh food products are regu-
lated by thc catalitic action of the enzynes. The activity of the
enzynes is in turn partially regulated by the temperature and tend to
increase from two to four times for each 10°C rise in the medium where
the reaction takes place.

For this reason temperature is considered the most determining
factor in the deterioration of food products and consequently in the
potential post harvest life. The second important factor, especially
in the tropics, is humidity. For example, a high humidity favors the
growth of fungi, moulds and bacteria in basic grains. On the contrary,
a low humidity, or the combination of high temperature and low humidity
in the environment, can create conditions in which fruits, vegetables,
tubers, roots, meats, etc. lose a great amount of weight due to dehy-

dration and consequently suffer in temms of quality and appearance.
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The proper temperature and humidity control, depending on the pro-
duct being handled, are the two most important factors which directly
or indirectly have the greatest influence in the post harvest life of
foods.

Other pre and post harvest factors which have considerable in-
fluence in the post harvest life of foods are discussed below. They
have some inmediate manifestations such as changes in form, color,
soluble solids, texture, etc. These manifestations are the reflections
of reactions and complex processes which are taking place in the pro-
duct and which finally accelerate the deterioration process and terminate
the post harvest life. Many of these factors are a function of conditions
occuring during the growth and development processes of the products.
Consequently it is very important to remember the strong interelationship
which exists between the three stages of: Production, Harvest and Post-
Harvest. In the vast majority of the cases, the physiological makeup
and the conservation quality of the products depend in great part on
the favorable or unfavorable conditions during the stages of growth and
development.

It can be said that once the foods are in the post harvest stage
the most to which we might aspire is to conserve their quality, not
to improve it. In some particular products such as banana, pear, to-
mato, meat, and others, conditions can be created which will transform
some chemical substances into others of greater preference to the con-
sumer. But in order to be able to do this and obtain a good quality

product, we must begin with excellent quality raw materials, as other-
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wise it is practically impossible,

3.3 Definition of Terminology and some Basic Concepts

Part of the existing confusion in the evaluation of post harvest
food losses is due to the absence of an established and accepted ter-
minology and/or well defined criteria concerning the different aspects
of this problem. To help alleviate this problem the following defini-
tions, which have proven useful elsewhere (4, 7, 9, 11, 12, 33), are
proposed.

3.3.1 Food

Any substance that serves to nourish a living being
(43, 54). In this case two types of food shall be distinguished.
a) Those destined for human consumption
b) Those destined for animal consumption
For the objectives of this document only the foods destined

for human consumption shall be considered. Those parts of food,

such as bones, peels, skins or unpalatable tissues will not be
considered as food for human consumption.
3.3.2 Production

The first stage in the cycle: Production-Harvest-Post-
Harvest includes all those activities, from the selection and pre-
paration of the genetic material, which gives origin to the new
product (seed, animal, fowls, etc.), until the final product, be
it stems, leaves, flowers, seeds, fruits, eggs, milk, meat or other,

reaches its optimum state for harvest.
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3.3.3 Harvest

Those activities or actions carried out to separate the
product from the stock, stem or whatever originated and nourished
its development (to gather the corn, wheat, vegetables, eggs, to
milk, to sacrifice the cattle, fowls, etc.).
3.3.4 Post Harvest

This is the condition in which a product finds itself and
the activities carried out with it once it has been separated from
the stock, stem or from whatever originated and nourished its
development.
3.3.5 Loss

Means any change in the chemical or physical properties
that directly or indirectly affects its quality and makes it

unusable for human consumption. Losses may occur at any of the

three points: production, harvest, post harvest.
3.3.5.1 Production (Preharvest) Losses

These include damage caused by insects, fungi,
birds, rodents, etc., curing the growth period of the pro-
duct (fruits, seeds,stems, etc.)

In the case of animals, sickness or disease pro-
blems causing death or deterioration of the product (milk,
eggs, meat, etc.) are examples.
3.3.5.2 Harvest Losses

This type loss includes physical or mechanical

camage caused to the grains, fruits, roots, stems, eggs,
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milk, meat, and others during their harvest or slaughter.
3.3.5.3 Post Harvest losses
All those losses which occur after the product
has been separated from the stock, stem or other medium
which originated and nourished its growth. Y
3.3.6 Kind of Losses
According to Bourne (34), post harvest losses in food
products can be classified as follows:
3.3.6.1 Direct Losses
Those caused by waste or consumption by non-

human agents, such as insects, rodents, birds, fungi,

bacteria, and others.

1/ 1. Fruit, vegetables, roots, tubers, grains, etc. are in the post
harvest phase once they have been separated from the mother plant
responsible for their development, with the objective to be used
for human consumption, whether on-the-farm consumption or for sale.

In all cases, the situation may exist whereby the cause of future
deterioration is present although in a latent state, thus without
visual manifestation of damage. As explained in section 3.2,

many causes of post harvest losses originate due to conditions
developed during pre harvest. In these cases the loss may be clas-
sified as ocurring in post harvest from pre harvest causes.

2. Animals, birds, etc. are in the post harvest state once they have
been slaughtered and the product enters the marketing process. As
in the preceeding case, it can occur that defects found in the
product are not identified during slaugher even though they are
a result of preslaughter conditions. In such cases the veterinarian
should decide on the classification of the loss depending on the da-
mage and its cause.

3. Milk enters the post harvest process during milking, fish upon being
caught for human consumption and eggs upon being collected.
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3.3.6.2 Indirect Losses

These refer to deterioration in quality or
acceptability of the product up to the point of complete
rejection by the consumers. For example: changes in its
appearance, texture, color, etc. caused by climate, im-
proper handling, transportation, infraestructure, or others.
3.3.6.3 Economic Losses

Those losses brought about by changes in market
conditions and expressed in economic terms. Includes
losses due to changes in supply and demand..
Cause of Losses

Although in many cases it is very difficult to determine

the exact cause or the principal agent of some types of damage,

especially that due to physiological deterioration, or that due to

a combination of causes, for the purpose of post harvest loss

analysis the following classification system is proposed:

Causes of Food Losses with Technological Origin

1) Physiological damage (41, 49, 57, 59, 60, 65, 66).

2) Damage caused by agents or chemical and biochemical
reactions (50, 51, 63, 64, 65).

3) Damage caused by biological or microbiological agents
(48, 49, 52, 56).

4) Mechanical damage (67, 71, 72, 73, 74, 75, 76).

Causes of Food Losses with Socio-economic Origin

1) Political (1, 2, 5, 6, 28).
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2) Resources (1, 2, 3, 4, 5, 8, 9, 10, 18, 23, 25, 28,
33, 37, 39, 40).

3) Education and training (1, 2, 3, 4, 5, 6,.,7, 8,:33,

40, 47).

4) Services (38, 39, 40, 47).

Figure number 7 presents the diverse causes and the
way in which they influence the respective parts of the
system. In this figure the causes with socio-economic
origin are located at the peripheria and those with
technological origin inside of the circle. Also, al-
though without the intention of identifying all of the
causes in their respective positions, after each event
(harvest, transportation, storage) the possible cause
which may be affecting said component of the system is

identified.

In Figure number 8 some of the persons and institu-
tions which intervene in diverse parts of the system
and which may be directly affected by the diverse causes

are visualized.

3.3.7.1 Causes of Food Losses with Technological Origin

Under this category we find those causes which

occur due to deficiencies in concepts, methods, applica-
tion or use of methods and lack of knowledge or non
existence of the adequate technology, even though fa-
vorable socio-economic conditions exist for their

application and execution. Some examples include the
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following:

Physiological damage

This cause of post harvest loss can be subdivided

in two classes:

1) Normal deterioration which occurs due to the
natural aging process of the products.

2) Abnormal deterioration, or that which occurs due
to adverse conditions, such as, unfavorable cli-
mate, cultural practices, inadequate storage,
handling, transportation, etc. and which lead to
an accelerated deterioration of the quality of
the product. Examples include: growth of suckers
on tubers and bulbs during storage; the black
heart of apples and potatoes caused by nutritional
deficiencies or by improper storage conditions,
and weight losses caused by dehydration and trans-
piration, notwithstanding that the phenomenom is
of a physical chemical nature.

Chemical deterioration

This is damage caused by chemical or biochemical
agents or reactions. This refers to those chemical
reactions whose intermediate or final products are
undesirable components or associated with significant
losses in nutritional value. Examples include rancid-
ity in fats and oils and the Maillard reaction of

sugars.



The contamination by noxious substances, such as
presticides or other chemical compounds, which are un-
desirable or hammful to the product or the consumer
are also included in this category.

Damage caused by biological or microbiological agents.

This includes losses due to such causes as insects,
arachnidian, fungi, bacteria, moulds, virus, rodents,
and other larger animals.

Mechanical damage

Mechanical damage can be caused by improper harvest
methods, poor packing and transportation, resulting
in cuts, abrasions, bruises, breakage, leakage, or
other damage.
On occasions several different causes may act to-
gether to damage the product. For example, the dam-
age caused by microorganisms is nearly always pre-
ceded by mechanical, chemical or physical damage
which weakens the products natural defenses and thus
facilitates attacks by fungi, bacteria or moulds.
3.3.7.2 Causes of Food Losses with Socio-economic Origin
In this case we have those causes which directly
or indirectly lead to conditions in which a technological
solution is difficult or inapropriate to apply. They are
usually the result of nonexistant, inadequate, ignored or

improperly handled conditions. Examples in this case in-
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clude the following:
Policies
Lack of an adequate and properly oriented policy to
facilitate, utilize and administer resources (human,
economical, scientific, technical, etc.) to prevent
product damage.
Resources
Lack of the adequate resources (human, economical,
technical) to develop remediable programs and projects
tending to reduce post harvest losses.

Education and training

Ignorance of scientific and technological techniques
associated with the conservation, processing, packing,
transportation and distribution of food products.
Services

Inéfficient organization of marketing channels and
marketing in general. Absence of, or inefficient,
governmental services for production and marketing.
Lack of credit in accordance with the needs of the
country and the participants in the production-mar-

keting system.

3.4 Methodological Approach

. In reviewing studies in relation to marketing problems in Latin
America one can conclude in general that:

1. There exists an advanced lack of coordination between the
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different steps of the marketing system and between the diverse
participants in the system (40, 47).

2. The technical aspects of post harvest product management are
very deficient in respect-to handling, storage,‘paéking: trans-
portation and distribution of the product (9, 11, 40, 47).

3. There is a high degree of individualism in the approachu and in
the participation of the diverse disciplines in the few works
oriented towards the solution of post harvest problems (39, 45).

4. There exists a distinct lack oflnationél policies to carry out
programS and projects to reduce post harvest losses (9, 39).

In Figure 9 we can once again visualize the complexity and the
interrelationships between the cifferent components of the '"Production-
Marketing'" system, with special enfasis given to the technical aspects
of post harvest, as well as in the diverse institutional, social, po-
litical, economical and other aspects which inflﬁence its behaviour. Said
components or post harvest stages or processes can be categorized either
as technical, (those whose variables are decided or measured on the
basis of mechanical, physiological, physical, economic and even electro-
nic concepts) or those related with social, cultural, institutional and
political aspects'of each society.

All of those steps or processes to which a product is submitted
from the time and place of its collection up to the time and place of its
consumption are considered components of the post harvest process. The
sum of the components make ﬁﬁ the post harvest system. This combination

of steps should ideally occur within a harmonious process in which the
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product losses are minimized and the efficiency and benefit for the
participating parties are maximized.

Up to this point we have tried to pqint out that post harvest
activities should be considered as a complete system made up of diverse
steps or components which are strongly interrelated.

The systems approach to understand, analize and to try to improve
the deficiencies of the diverse components has the great advantage of
permiting either global or paftial‘analysis of the respective contribu-
tion, behavior and efficiency of each of thg systems parts. The systems
approach also permits on orderly and logical analysis of alternative
remediable programs or projects so as to define priorities. Otherwise,
and as commonly occurs in many Latin American and Caribbean countries,
well intentioned programs'and projects are carried out with less-than-
desired results because of the fact that decisions are taken under
isolated conditions to resolve problems which are felt to be the cause
of the problem but which in fact are not. Unfortunately, and after
valuable national resources have been wasted, experience often shows us
that a ﬁore efficient method is one of analyzing the post harvest loss
problems using an approach which considers all the variables (or as
many as possible) and their interrelations.

The systems approach has been proven time and time again as a use-
ful and practical approach by countless medium and large private firms
around the world, and more noteworthy, as an important component cf the
United States space program. |

The systems approach is feasible whenever a model of the system can
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be defined and its components can be described in quantitative temms
which allow the formation of criteria concerning behavior and efficiency.
Such is the case of the post harvest system. In the following section
the methodological techniques for carrying out such an analysis of the

post harvest system will be considered in more detail.

3.5 Mechanics of the Investigation
| 3.5.1 Definition of the Terms of Reference

The objective of research in the area of post harvest
losses is to identify priority areas where: the reduction of
losses is feasible and projects and programs can be developed to
reduce such losses. Prior to investigation and/or any attempt to
introduce new projects and programs it is necessary to analyze
national govermmental agricultural policies so as to define precise
terms of reference which will serve as a guide in the realization
of the studies. the analysis of the results and the definition of
alternative solutions.

The criteria for such an analysis will vary with the
country, local circumstances, ideology, orientation of local institu-
tions and others but may include some of the following:

a) Agrarian policy; for example:
- self sufficiency vis a vis food imports.
- agrarian reform.
- increased productivity.

- increased production (new areas)
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b) Special emphasis on crops;
-traditional vs. non traditional
-grains vs. fruits vs. vegetables vs.

roots/tubers

-internal consumption vs. exports
- importance in terms of value or volume

c) Type of producers;
-commercial agriculture vs. agriculture

for autoconsumption

-small farmers vs. large farmers
-organized producers vs. non organized

d) Geographical origin of the production;
-availability of basic infrastructure
-distance from urban areas

e) Other socio-economic aspects;
-human resources
-financial resources
-institutional capacity and interest

With the terms of reference established it is then pos-
sible to define such aspects as:

-what products to study?
-what volume to include in the sample?
-which geographical areas to consider?
-with what type of producer to conduct the study?
-who should participate in the investigation?

-what resources are available?
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3.5.2 Steps to be Taken

The balance of this document is concerned with the general
steps to be taken in the implementation of efforts to diagnose and
analyze post harvest losses of food products and to propose reme-
diable projects to that respect. This is a general guideline to
which the necessary adjustments must be made according to the

country, product, region, available resources, etc. Nevertheless,

it must not be forgotten that with this methodology a systematic
Hanalysis of the problem area is to be made in such a way that at
a given time a model of the system can be constructed in which it
vmay be possible to observe in a quantitative and qualitative
manner the magnitude of the losses and their causes. Therefore,
it can be said that one of‘the important objectives of the diagno-
ses is to obtain sufficient data so as to construct a model which,
much like an X-Ray.scxeen, will allow us to observe the whole system
" and how it functions. This same model will at a later point, after
enrichment and development, permit an evaluation of the efficiency
of\the remediable programs and projects beiﬁg implemented. In this
way it will be possible to develop a useful tool to facilitate
decision making with a higher probability margin for success than
under traditional approaches.

The methodological approach presented here can be divided
into 13 steps. ,ihese 13 steps with their respective objectives |

are sumarized below:
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STEP 1: ORGANIZATION OF INTERDISCIPLINARY TEAM

OBJECTIVE: To assure the participation of the diverse disci-
plines in the diagnosis of the problem area as
well as in the analysis of the system and the
definition of alternative solutions so as to
avoid over-emphasis in specific disciplines and
under emphasis in others. '

Because of the diverse areas which intervene in the Post |

harvest system (Figure 5), it is advisable to initiate the investigation
with the formation of an interdisciplinary team.

’ihe specialties of the participants will vary with the circum-

stances but should include a nucleus of the following personnel:

Agricultural engineer or agronomist

Economist or agricultural economist

Food technologist and

- Sociologist or anthropologist

It might be necessary on occassions to include specialists in
other fields, such as: Civil engineering, industrial engineering, phyto-
pathology, entomology, pesticides, etc. Since the problems to be solvéd
are often intricate, and of an interdisciplinary nature, it is unlikely

that satisfactory results will be obtained without the proper staff.

STEP 2: PROBLEM DEFINITION

OBJECTIVE: To establish in the clearest and most concise
form possible the basic problem to be considered.
This will require basic research including a re-
view of national and international literature and
interviews and discussions with persons having
experiences and expertise in the area of concern.
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The first step to be taken in the solution of a problem is to
clearly and concisely establish the terms defining it. If ‘the problem
cannot be clearly defined, the chances are very slim that it may some

day be resolved.

STEP 3: DEFINITION OF TERMS OF REFERENCE

OBJECTIVE: To establish a clear understanding of what is

to be done, when and where.

As this kind of work may influence political, socio-economical
and technical decisions, it is very important to establish clear terms
of reference in accordance with the ideology and philosophy of the
country, institutional needs, government strategies and policies, etc.

(see 3.5.1).

STEP 4: DEFINITION OF OBJECTIVES AND GOALS

OBJECTIVE: To effectively plan the work procedure to be
followed.

The objectives may be of several different types, including:

Economic (maximize output)

Social (favor marginal groups)

Technological (investigation so as to develop

new and better methods or systems, etc.) and

Political
When establishing the objectives vague statements or ambiguity
should be avoided. Objectives should be as precise as possible, and

each should have specific goals. Each goal should be defined with even
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greater accuracy, including time periods for completion. Estimates
should be realistic and based on existing capacities and human and fi-
nancial resources. Once the poals have all been reached the objective

will have been achieved.

STEP 5:  CRITICAL ANALYSIS OF THE PROBLEMS AND GOALS

OBJECTIVE: To verify the rationality and utility of the
proposed goals.,

Before initiating the field work one should analyze the goals
in detail, asking the question whether they are feasible and sufficient

to achieve the objectives and if the available resources are sufficient.

STEP 6: CHOICE OF PRODUCT(S) AND GEOGRAPHICAL AREA

OBJECTIVE: To make a preliminary evaluation of the material
needs and the magnitude of the work to be

carried out.

Based on established criteria, Government policy, objectives,
goals and available resources (human, economic, available time, tech-
nology, information, etc.) the products to be studied must be selected,
as well as the geographical areas to be covered. This step will be
made easier by reviewing the literature and studying documents or re-
sults of surveys related to the products or geographical regions of
concern. It is recommendable, at least at the beginning and while
gaining experience, to work with only a few products and small geograph-
ical areas, however, they must be representative of the regions, pro-

ducers, products and marketing systems to be studied.
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STEP 7: - GENERAL STUDY OF THE MARKETING SYSTEM

SUB STEPS

a) Visits to wholesale and retail
markets

b) Preliminary determination of
product flow; Consumer to
Producer

c) Preliminary preparation of forms
to be used.

d) Pre-test of forms at wholesale
and retail level.

e) First visits to production area

f) Preliminary study of the product
as it passes thru the diverse steps
between harvest and final distribu-
tion.

OBJECTIVES

Detect visible problems, defects, damages,
physical conditions, infrastructure, pack-
aging material, transportation, and handling
methods. Converse with participants in the
system and obtain their impression on how

it functions.

To initiate the preliminary version of the
flow diagram and plan the activities of
the field work.

i) Determine the information to be obtained.
ii) Define areas of investigation.

iii) Determine the way and methods to obtain
data in accordance with available re-
sources (time, personnel, equipment,
budget, etc).

i) Verify applicability, difficulties and
make necessary changes.

ii) Verify levels, authenticy, the ease of
obtention of the information and test
the methods for data analysis.

i) Direct observation of operations
including: cultural practices, harvest-
ing techniquecs, selection and classifi-
cation methods, product packaging,
handling and transportation.

ii) Test forms and make necessary contacts
and arrangements.

iii) Identify the principal steps in the
product flow diagram.

iv) Detect the possible points for analysis
of post harvest losses.

i) Preliminary analysis of the different
steps (transportation, packaging,
storage, handling, etc.)in the post-
harvest system and the effects on the
presevation of product life and quality.

ii) Continue in the identification of
specific steps in the product flow
diagram.
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iii) Identify areas and steps with specific
problems and the possibilities for
measuring losses.

iv) Determine with a certain degree of pre-
cision the points and methods for loss

measurement.
g) Tabulation of data and primary i) Verify if the choice of methods t¢
information. obtain information is satisfactory.

ii) Confirm and define problems and work areas.
iii) Qualitative and quantitative analysis
of the different data and circumstances
under which it was obtained.
iv) Preliminary estimation of losses.

h) Analysis of primary information i) Based on the preliminary experience of the
and decision making related to pre-test, which has been carried out and
final work. verified, define the final study design,

units and methodology to be applied.
ii) Define sample size
iii) Define resources
iv) Define work plan
This is the first step in the identification and analysis of
the diverse components of the marketing system and the steps, actions,
activities and circumstances which occur at and between the components.
As the main objective is to obtain a general but complete understanding
of the marketing system it is suggested that the marketing system be
studied in two directions: ‘
- From the Retailer to the Producer, and
- From the Producer to the Consumer
It is suggested that the study begin in the direction from the
retailer to the producer since at the retail and wholesale level one
may observe, as though it were a photograph, the history of the handling
that a product has received since it was harvested. Appearance, touch,
taste and smell of the product at the retail level will provide, even to
the inexperienced investigator, substantial knowledge as to the state of

deterioration in which it arrives at the retail level and even a prelimi-

nary idea may be had of the causes of such damage. When carrying out
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this overall reconnaisance of the marketing system, it is advisable to
take into consideration the general technical éspects presented in
Table 10 as they might help identify problems or causes of specific
problems leading to product deterioration.

In Table 11 some of the potential problems are presented ac-
cording to type of product and the point in the marketing system where
they may occur. During this preliminary stage of investigation it is
important to ask as many questions as possible concerning product origin,
harvest season, on-the-farm storage, transportation and other situations
which might help explain the condition of the product. One should not
leave the wholesale/retail level without hearing the opinions of the
intermediaries, businessmen. shipping agents, and others as to the main
causes of the problems, suggested solutions, strengths and weaknesses of
the system etc. As each new participant in the marketing chain is iden-
tified, key questions should be raised and discussed until his role in
the post harvest system is understood.

This reconnaisance stage is very important, even for those with
considerable marketing expertise, since the marketing systems can vary
considerably from country to country and between regions, due to climatic,
technological and social differences, as well as differences between pro-
ducts. It is therefore risky to generalize in this area.

Another important objective of this Step is to identify where,
how and with whom the final study will be made. Without this information
it will be impossible to go on to Step 8.

Once the investigator has reached the farm level (in his trek
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TABLE 11 GENERAL PRE AND POST-HARVEST TECHNICAL PROBLEMS DIFFERENTIATED BY PRODUCT GROUP AND BY THE STAGE IN WHICH THEY OCCUR
OR ARE MANIFESTED
TECHNICAL PROBLEMS
“TYPE OF POST-HARVEST
PRODUCE ~ PRE-HARVEST HARVEST CLASSIFICATION PACKAGING TRANSPORT STORAGE LESALE AND
RETAIL DISTRIBUTION
FRUITS Cultural practices State of ripeness. Physiological damage. Over packaging. Mechanical dama- Chemical chan- Over ripeness.
and effects of the ge due to: ges brought
climate. Mechanical damages. Physical damage. Inappropriate con- -inappropriate con-  about by: Tuming black.
tainer. tainer -inappropiate
Nutritional pro- Damage due to Micro- inappropriate carte temperature Wrinkling.
blems. organism and insects. Mechanical damages ing. -improper re-
due to poor han- lative humid- Micro-organism
Method of graft- Damages caused by dling or inappro-  Inappropriate temper- ity damages .
ing. roedents. priate container ature. -inadequate
and poor handling aeration
Use of chemicals Damages caused by Inappropriate han-
chemical products. dling.
Mixing of diverse
sizes.
ROOTS Effects of the Excessive humidity. Inadequate Germination.
climate. curing.
State of ripeness. Physiological
Cultural pract- IDEM IDEM IDEM Germination. damage.
ices.
Micro-organism
Control of plagues damage.
and diseases. ge
TUBER- Effects of cli- Mechanical damages Inadequate Germination.
QULERS mate curing
State of ripeness. Infection.
Cultural pract- Greening
ices: Wrinkling caused
-system of ir- IDEM IDEM IDEM Germination by dehydration.
rigation.
-frequency, etc. Mechanical damage.
Effects of va-
riety.
LEAVES Effects of cli- Wilting. Wilting under Excessive cuts.
mate. low level of
Infection caused relative humid- Excessive wilting
Cultural prac- by excessive IDEM IDEM IDEM ity.
tices. humidity. Infections.
Insufficient
Nutritional pro- humidity.
blems.
STEMS Effects of cli- Inadequate harvest Growing Wrinkling.
mate. methods.
Fiber develop- Other physiolo-
Cultural prac- Mechanical damage’ ment. gical damage
tices ITEM IDEM IDEM caused by micro-
organisms
t of
water and nutri- Mechanical damage
tional problems.
BULBS Effects of cli- Ripeness. Germination Wrinkling
mate.
Mechanical damage Damage by mi- Germination
Cultural prac- cmogzanisns.
tices X Loss of color
IDEM IDEM IDEM Mechanical da-
Seed management mage. Microorganism
damage
Temperature and
relative humid- Mechanical damage
ity during
storage.
GRAINS Ripeness. State of ripeness  Mechanical damage Mechanical damage Mechanical damage Chemical chan- Damage caused
S . biological
Cultural prac- Mechanical damage Damage due to Physiological Physiological & zents. £
tices X X microorganisms. damage damage. Physiological
o Excessive humid- deterioration Lost of viability
Irrigation ity. Damage by roe- Damage due to: Inappropriate
dents and in- -Microorganisms handling. Damage caused Chemical changes
Effects of sects. -roedents by Biological
climate -insects agents. Contamination
-poor handling
Inappropriate Deterioration
management of of containers.
facilities and
structures.

Weight losses.

Contamination.
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from retailer to producer) and has gained a clear understariding of the
mechanics of the system, it is then possible to carry out a prelimi-

nary study of post harvest losses, based on a small sample of the pro-
duct of interest, from the farm gate to the retail level. Such sampling
will require materials and special instruments Y that should be obtained
before the field work begins.

During the study itself, and so as to record each one of the
steps taken, actions or situations to which the studied produét is sub-
mitted, from harvest to retailer, or final consumer, it is suggested
that the format shown in Figure 10 be followed. This flow diagram method-
ology has often been applied in industrial engineering studies with con-
siderable success. The example shown in Figure 10 is taken from the
study of post harvest losses of tomatoes in the Dominican Republic (33).

The caompletion of the flow chart results in a process diagram
which is the graphical representation (Figure 10) of the successive
steps in the post harvest process, including: operations, transport, in-
spections, delays, and storage that occur during a process or procedure.

Information considered convenient for the analysis, such as temperature

-
~

[

. 3-5 Watch thermometers (metal and long bulb) to measure temperatures
between 20°C and 50°C
Rotating sicrometer to measure relative humidity.
. Scale with capacity of 0-5 Kgs. and accuracy to 10 grams.
Scale with capacity of 0-25 Kgs. and accuracy to 25 grams.
. Magnifying glass
Tape measure
Color cards to determine different shades
. Razor
Plastic bags for samples
Plastic mesh bags for samples and measuring weight loss.

VWO JOUVTAWUDN =
L] L] L] L] .



53

FIGURE 10 FLOW DIAGRAM
RESUMEN PRODUCT : Tomatoes
FUNCTION No TIME ORIGIN Bani
Operation 5 DATE May 2, 1977
Transport 3
Classification |
De 3
lays c o
o °
Storage c o« <« N
o - 8 L °
< 8 ¢ o Sl° o OBSERVATION
o @ @ > o : S| o
o c W E — a 2
a 2 ° o 2/E| w| E
DETAILS OF FUNCTION © OO0 0|p ol -
Pick tomato from plant (P A O DA
Tomato placed in 5 galon tin Tomato thrown
can A)\A O D 2 in bucket
Tomato remains in can until 5 Approximately
container filled O A D A min |5 minute delay
Container carried to packin Usually located
orea ' ! P 9 O O DA 50M| 5 |under tree near
min | fields
domped n pile 2
Container emptied umped in pile
A O DA feet high
. From |5 minutes
Tomato awaits packing O A D A |85° to 3 hours
Tomatoes selected and packed 5 Small, deformed
in home-made wooden containers and damaged
80-90 Ibs O A D A& min : gre removed
— ey
Full crates carried to waiting O ; Shaded areas,
X O DA 30M| 2 | crates covered
point for truck min | with grass
. 10 ! From afternoon
Wait for truck O A O N hourg] to late night
|
Load - ’ ;
oaded on truck (‘j D o !
Transported to Capital O O D A|9e0°f40| !
Km |hour
Un loaded at market place ({ ° 15
A O D & |90 min




54

in fahrenheit or centigrade, necessary time required at any one point
and the distance traveled, etc. may also be included.
According to the procedure of diagrams the activities are iden-

tified in the following manner:

OPERATION:
Those eventualities which a product undergoes and which prepares
it for a following step, for example the act of harvesting a product,

washing it, packing it, etc.

TRANSPORT :
Transport takes place when a product is moved fram one place to
another, except when such movement forms part of an Operation or is

caused by the operator at the site during an Operation or an Inspection.

INSPECTION OR CLASSIFICATION:
This occurs when a product is examined to verify its quality,
quantity or other characteristic. Also when the products are regrouped

into different categories or classes.

DELAY OR WAITING:

This occurs when conditions do not permit or don't require the
immediate execution of the following step. If there is an intentional
delay so as to change the characteristics of the product then it would

be classified as an Operation,

STORAGE:

This takes place when the product remains intentionally in a
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specific location so as to protect the product from adverse conditions

or while waiting for sale.

COMBINED ACTIVITIES:

When it is desired to show more than one activity executed by
one or‘ various operators at the same work site. An example of a com-
bined activity is as follows: ''The packers seated on the floor place
the prodhct inside of a container while at the same time observing the
product to determine whether it is of the desired quality". Thus we
have a combined activity of Operation and Inspection.

| With the preliminary data which have now been obtained (Steps
1 thru 7) it is possible to have an idea of the magnitude of the problem
which is to be analyzed and of the steps, arrangements, preparations, re-
sources, etc. that will be required to carry out the analysis. Once
these decisions have been taken and the work plan has been defined one

can move on to Step 8.

STEP 8. CARRYING QUT THE FINAL DIAGNOSIS

| OB.IECI‘IVE: Obtain data for a complete and systematic analysis
: of post-harvest losses.
leen the complexity and the natural difficulties that will arise
in undertakmg some of the observations it is recommended that the following
concepts be kept in mind.
N Coiicept of Quality
It is very important before undertaking any evaluation to

defme the concept of quality existing in the geographical region
where the study is to be carried out and between the different

participants in the production-marketing system.
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It is common to find diverse concepts, for example:

a) That of the producer, whose principal interest is to sell
the largest possible quantity of his product, even though
the quality of said product is questionable.

b) That of the intermediary, whose interest is to buy products
of excellent quality but at the moment of purchase attempts
to stress the cefects of the product offered by the farmer.

c) That of the housewife, who at the end of the marketing chain
Hcoks for quality and prices to meet her budget.

d) That of the investigator or professional, who with experience
in evaluation and quality control, takes a more scientific
approach to quality.

Generally the concept of the investigator or professional is
more detailed and complete, nevertheless, given the state of the
art in which agricultural products are marketed in most countries,
and where for diverse circumstances it would be very difficult to
apply strict criteria, it is preferable and perhaps more realistic,
for the objectives of this work, to apply a more general criteria
of quality as visualized by those who participate in the real life
marketing system.

In the case of those products whose deterioration and damage
makes them completely useless for human consumption, there is
little doubt about whether they should be classified as losses or
not. However, the problem is not so simple with those products
which are found at an intermediate stage and whose defects or dete-

rioration have not reached the point where they can be classified
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or quantified as losses. What should be done in these cases? Per-
haps a general sample of participants in the commerce of the product
of interest, with observations concerning opinions and concepts of
quality and rejects, in periods of abundance as well as in periods
of scarcities, would yield the necessary insights.

It should be noted that in those cases of chemical and biolog-
ical contamination, or those yielding harmful wastes; the concept
of the investigator or official charged with quality control should
be the norm that determines the final classification of the product.

B) How to Measure Losses

Considering the definition of ''losses'" (see section 3.3), it is
possible to think of innumerable variables and factors that affect
the quality of the products and that could serve as parameters to
measure the grade or intensity of the deterioration of the product
and thus qualify the possible losses. In reality, numerous and ex-
cellent methods (41, 42, 46, 50, 51, 52, 53, 56, 57, 58, 59, 60,
61, 63, 64, 65, 66, 68, 69, 70) have been developed for these pur-
poses, mainly by scientists and specialized technicians, to iden-
tify and solve specific probiems within their respective disciplines.
Some examples are the following:

a) Evaluation of the losses caused by (x) insects, microorgan-

isms, rodents, etc. in a specific product (48, 49, 52, 56).

b) Physiological deterioration of (xj product during (y) time

or (z) storage conditions (41, 49, 52, 57, 58, 59, 60, 61,
66) .



c) Chemical changes (protein degradation, synthesis of sugar,
acids, etc.) during (x) handling conditions, etc. (50, 51,
63, 64, 65).

d) Method for determining the microorganism causing (x) chem-
ical changes in (y) product, etc. (49, 50, 51, 52, 68, 69,
70).

As to the terminology to be used in reporting the post harvest
losses? In reality the technical and scientific literature abound
with diverse units of measurement, including pounds, tons, kilo-
grams, gallons, boxes, percentages, units of nutritive value, etc.,
which vary with the type, level and geographical location of the
study. In fact, this diversity of terminology is undoubtedly one
of the reasons for the existing confusion as to the real value or
volume of post harvest losses.

Consequently, it is suggested that even though the inicial
studies are made using the local terminology, the final report,
whatever the cause of the losses, be prepared expressing the losses
in one of the units of the metric decimal system (grams, kilograms,
metric tons, etc.).

It is also recommended that whenever possible, and so as to have
a more precise idea as to the magnitudeof the losses, that the values
be reported in percentage terms of the total amount produced or har-
vested in the zone, region, country, etc.

So as to have a greater level of accuracy in the quantification

of the losses it is suggested that the specialist responsible for
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determining the cause of the loss (entomologist, pathologist, agri-
cultural engineer, veterinarian or other) make an evaluation as to
the degree or intensity of the damage and with his (their) assist-
‘ance determine in terms of weight and percentage the quantity lost.

Considering our definition of 'food losses'" (see 3.3) and the
type of losses being evaluated in this type of study (food for
human consumption), those foods which are determined unfit for hu-
man consumption, no matter what the cause of the loss, must be
quantified as 100 percent losses even though the remainder may be
usable as animal feed.

The basic reasons for this are:

a) The produce was originally destined for human consumption.

b) Although the product in a state of deterioration can be
utilized as animal feed, the conversion rate for the
majority of the animals is so low (generally less than 10
percent) that final results are not affected greatly by
estimating it as 100 percent loss.

C) Taking the Sample

Considering the difficulties and high costs involved in eval-
uating losses by taking-large samples, such as a full truck load,
plus the additional inconveniences of getting the intermediaries to
treat large samples as they would under normal circumstances, it is
preferable to follow the examples set in the Jominican Republic and
Colombia (7, 33, 44) of purchasing representative samples by random,

and based on recommendations of statisticians. These samples (boxes,
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crates, sacks) are purchased and evaluated at the farm gate under
traditional conditions. Immediately thereafter the produce is intro-
duced into the diverse marketing channels where it is periodically
checked and evaluated as to losses and condition at predetermined
points. Each individual sample should be handled in a random fashion,
although care should be taken to assure that the produce is distri-
buted throughout the carrier or warehouse or other point in such a way
as to be affected by the traditional methods of handling and storage
in a representative manner. It should be kept in mind that at any
one point or step in the post-harvest system variable handling con-
ditions for a product can exist. For example:
a) The container may vary in size, quality, cleanliness or
other.
b) During transport, boxes or sacks at the bottom of the load
receive different treatment from those towards the center
or on top. Those on top will be affected more by rain and
sun and those at the bottom by weight.
c) During storage the effects will vary depending upon:
- The amount of sun vs. shade
- Rapid vs. slow cooling
- Protected by plastic vs. not protected
- High relative lhumidity and low temperature vs. the
inverse, etc. etc.
d) During wholesale/retail distribution the effects on the

product will differ depending on:
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- Rapid vs. slow turnover of inventories

- Satisfactory sanitary conditions vs. conditions
facilitating contamination.

- Frequent vs. infrequent handling

- Adequate vs. inadequate infrastructure, etc., etc.

Due to the wide number of possitilities, it is easy to appre-
ciate the large number of details to which attention must be given
when evaluating losses. So as to avoid unnecessary complications and
studies which are very difficult to terminate, it is recommendable
to reduce the number of variables, at least at the beginning. So as
to facilitate sample taking and to obtain more accurate results, it
is a good rule of thumb to look for the avezage/ggtuation and condi-
tions representing the majority and apply the analysis to these and
not the extreme circumstances.

Those points most convenient for making evaluations of losses are
those points as shown in Figure 10 where:

a) There are drastic changes in activity (one activity ends

and another begins).

b) There are delays or at least sufficient time under the

normal marketing process to evaluate, count, take notes, etc.

c) Special situations exist, after which it is considered

prudent to evaluate the effect on the product (for @kample,
after a certain time of exposure to existing adverse condi-
tions such as sun, water, highway or transport over bad

roads, by animal, truck, etc.).
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In the product flow diagram presented in Figure 11, four points
are identified with double asterisks showing where evaluations should
be made. These are:
a) During the harvest
b) At the selection/classification point on the farm
c) While at the wholesale market

d) During the process of retail sales

At all of these points the investigator must exercise his ability
of analysis to detect the type and intensity of damage and determine
the technological cause of it.

The analysis in the wholesale and retail markets are extremely
valuable as here it is possible to visualize the history of the
post harvest handling of the product.

Since many of the visual manifestations of product deterioration,
or physical, physiological or mechanical damage are often delayed
several days, it is quite frequent for the product to arrive in the
wholesale or retail markets before the damage becomes obvious. Con-
sequently, it is at this phase of the investigation that a more pre-
cise judgement can be made as to the treatment received and effect-
iveness of each one of the steps or phases through which the product

passes from the harvest to the final sale to the consumer.

STEP 9: TABULATION AND ANALYSIS OF DATA

OBJECTIVE: Analysis of quantitative and qualitative interpre-
tation of post harvest losses and the determination
of the causes. -

To facilitate the analysis of the data it should be organized and
presented in tables, graphs, matrices or other forms which summarize the

general conditions of the overall system as well as each one of the -
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individual steps or phases thru which the product moves. The data should
be analyzed along the lines originally planned for and in light of the
conditions existing at the time that the evaluations were realized. It
should be remembered at this point that, as obse<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>