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INTRODUCTION ABOUT THE PROJECT
Feed the Future Ethiopia Growth through Nutrition Activity is the U.S. Agency for International
Development’s (USAID’s) flagship multi-sectoral nutrition and WASH project. This USAID-funded
project aims to improve the nutritional status of women and young children in Ethiopia’s four
productive regions, focusing on the first 1000 days (from conception to age two). Building off of the
ENGINE project, Growth through Nutrition is working across all government and society levels to bring
multi-sectoral nutrition programming to community levels, and link development and emergency
efforts to build resiliency and sustainability.
As a sub-partner to Save the Children, Land O’Lakes International Development is focusing on
increasing access to diverse, safe and quality foods through nutrition sensitive livelihood activities.
Specifically, Land O’Lakes is supporting the production of more nutritious and productive varieties of
vegetables, fruits, legumes, bio-fortified crops and small livestock. Growth for Nutrition Activity is also
supporting more efficiency use of inputs and cultivation practices to increase market availability of
diverse foods, and addressing issues around postharvest losses of nutritious foods and relevant food
safety concerns.
This publication was made possible through support provided by Feed the Future, the U.S.
Government’s Global Hunger and Food Security Initiative, through the U.S. Agency for International
Development, under the terms of agreement No. AID-663-A-11-00017. The opinions expressed herein
are those of Save the Children and do not necessarily reflect the views of the U.S. Agency for
International Development.
About Land O’Lakes International Development
Land O’Lakes International Development is a 501(c)(3) nonprofit helping communities around the
world build economies by strengthening agriculture from farm-to-fork, helping businesses grow and
linking farmers to markets. Since our start in 1981, we have been leveraging nearly 100 years of
expertise in dairy, animal nutrition, crop inputs and agricultural insights from our affiliate, Land
O’Lakes, Inc., a farmer-owned agribusiness committed to fulfilling its purpose of feeding human
progress.
We use our practical experience and in-depth knowledge to facilitate market-driven business solutions
that generate economic growth, improve health and nutrition and alleviate poverty. We believe in the
value of people and ensuring our work is rooted in honesty, integrity and respect.
For the last 36 years, we have unlocked the potential of agriculture around the world through nearly
300 programs in more than 80 countries. Funded primarily by USAID, the United States Department
of Agriculture (USDA) and the Gates Foundation, our programs not only improve production and food
security for small farming operations, but they also foster innovation and market linkages, and
strengthen the private sector. Ultimately, they make small and growing enterprises in developing
countries more attractive for investment, and build consumer demand for agricultural products
produced by smallholders.
Content Development & Author Acknowledgements
Content for this manual was developed by Growth through Nutrition project staff, led by Land O’Lakes
International Development, in close collaboration with Save the Children. Experience and lessons
learned from this project’s predecessor, ENGINE (Empowering New Generations to Improve Nutrition
and Economic opportunities), deeply influenced the development and organization of this manual.
Appreciation and acknowledgement to the consortium that developed the manual, in particular, the
Growth through Nutrition Livelihoods Team are due.
ii

Contributors to the manual and facilitator guide include:
Content
Binyam Kassa
Stephen Harris
Jennifer Lane
Gizaw Tadesse Alemu
Yigzaw Dessalegn
Amogne Diress

Technical Oversight
Kebedde Tafesse
Amare Feleke

Editorial Support
Laura Schmidt

iii

TABLE OF CONTENTS
Introduction About The Project ................................................................................................ ii
Table of Contents .................................................................................................................... iv
Introduction .......................................................................................................................... vii
About this Manual ........................................................................................................................ vii
SECTION 1 – ANIMAL SOURCE FOODS ........................................................................................... 9
Glossary................................................................................................................................. 10
1. Overview of Postharvest Losses of Animal Source Foods in Ethiopia .................................... 11
1.1 Milk in Ethiopia....................................................................................................................... 11
1.2 Eggs in Ethiopia ...................................................................................................................... 12
1.3 Meat in Ethiopia ..................................................................................................................... 13
1.4 Fish in Ethiopia ....................................................................................................................... 13
2. Milk ................................................................................................................................... 14
2.1 Introduction............................................................................................................................ 14
2.2 What causes post-harvest milk loss? ..................................................................................... 16
2.3 Milk preservation on the farm at household level ................................................................. 18
2.4 How to make Butter, Ayib and Metata Ayib .......................................................................... 26
3.

Eggs ............................................................................................................................... 32
3.1 Introduction............................................................................................................................ 32
3.2 Egg loss and causes ................................................................................................................ 32
3.3 Egg handling ........................................................................................................................... 34
3.4 Egg storage ............................................................................................................................. 35
3.5 Egg utilization ......................................................................................................................... 36

4. Meat .................................................................................................................................. 40
4.1 Introduction............................................................................................................................ 40
4.2 What causes meat postharvest losses? ................................................................................. 41
4.3 Pre-slaughter animal handling ............................................................................................... 41
4.4 Humane Slaughter and Meat Handling .................................................................................. 46
4.5 Small scale meat preservation ............................................................................................... 52
5. Fish .................................................................................................................................... 60
5.1 What causes post-harvest fish loss? ...................................................................................... 60
5.2 Fish preservation .................................................................................................................... 68
iv

5.3 Hygiene ............................................................................................................................ 78
SECTION 2 – FRUITS, VEGETABLES AND STAPLE CROPS ............................................................... 80
6. Post-Harvest Losses of Fruits, Vegetables and Staple Crops ................................................. 81
7. How and Why Fresh Produce postharvest loss Occurs?........................................................ 82
7.1 What are the Causes of Losses? ............................................................................................. 82
7.2 What Affects the Rate of Breakdown and Loss? .................................................................... 84
7.3 Temperature Effects............................................................................................................... 84
7.4 The Effects of Injuries ............................................................................................................. 86
7.5 The Effect of Surface Water on Harvested Produce .............................................................. 88
7.6 Ripening of Fruits and the Ethylene Factor ............................................................................ 88
7.7 Pests, Diseases and Spoilage .................................................................................................. 90
7.8 Lack of market ........................................................................................................................ 91
8. How and Why Cereals and Grain Legumes postharvest loss Occurs ...................................... 91
8.1 Living Tissue............................................................................................................................ 91
8.2 Food Source for Pests............................................................................................................. 92
8.3 Importance of Producing and Maintaining High Quality Grain .............................................. 92
8.4 Factors Affecting Grain Quality and Postharvest Spoilage..................................................... 92
9. Fresh produce On-Farm postharvest loss Reduction ............................................................ 94
9.1 Pre-harvest ............................................................................................................................. 94
9.2 Maturity for Harvest............................................................................................................... 97
9.3 Managing the harvest ............................................................................................................ 98
9.4 Getting produce ready for market ....................................................................................... 102
10. Cereals & grain legumes On-farm postharvest loss reduction........................................... 103
10.1

Planning the Harvest ..................................................................................................... 103

10.2 Harvesting at the Right Time .............................................................................................. 104
10.3 Harvesting Cereals and Grain Legumes.............................................................................. 105
10.4 Getting the Crop Out of the Field....................................................................................... 106
10.5 Shelling and Threshing of Grain ......................................................................................... 106
10.6 Winnowing and Cleaning the Grain ................................................................................... 107
10.7 Drying the Grain ................................................................................................................. 107
11. Fresh produce Storage .................................................................................................... 109
11.1 The Need for Storage ......................................................................................................... 109
v

11.2 Temperature, Humidity and Commodity Considerations .................................................. 110
11.3 Basic treatments before storage and/or marketing .......................................................... 110
11.4 Curing of root crops and onions ......................................................................................... 111
11.5 Onion Stringing ................................................................................................................... 112
11.6 Onion and Potato Bagging.................................................................................................. 113
11.7 Earth Clamps for Simple On-Farm Storage ........................................................................ 114
11.8 Ventilated storage .............................................................................................................. 115
11.9 Evaporative-cooled stores.................................................................................................. 116
12. Cereal and Grain Legume Storage ................................................................................... 118
12.1 Why do you store grains?................................................................................................... 118
12.2 Where to Store? ................................................................................................................. 118
12.3 Types of grain stores .......................................................................................................... 118
12.4 Preparations to store grains ............................................................................................... 120
12.5 How to apply of pesticides ................................................................................................. 120
12.6 How to make sacks off the ground and away from walls? ................................................ 121
12.7 How to use Hermetic Bags ................................................................................................. 122
12.8 How to use Hermetic Metal Silo ........................................................................................ 125
13. Simple Processing of Fresh Produce ................................................................................ 127

vi

INTRODUCTION
Welcome to the Feed the Future Ethiopia Growth through Nutrition Activity Post Harvest Handling,
Storage and Preservation Manual. This manual is intended to be used as a resource for the training of
trainers of woreda level agricultural technical staff and project agricultural and livelihoods technical
staff. In a cascade model, these trainers will then work throughout their respective region(s) to train
agricultural development agents to provide technical advice and support to farmers on specific areas
where they can improve their post-harvest handling, storage and preservation methods of fruits,
vegetables, staple crops and animal source foods. As such, this manual provides technical information
on each subject; the accompanying Facilitator’s Guide includes training modules for the trainer on
topics to cover. Depending on the region and areas of interest or need of the local farmers, the
agricultural extension agent must use his/her discretion on which modules to cover within their
region.
The genesis of this manual arose out of Growth Through Nutrition’s precursor ENGINE, which found
major swings in dietary diversity across seasons and available food groups. Reducing post-harvest
losses and improving storage and preservation practices among vulnerable households is one strategy
to help lengthen the availability of nutritious food within a household during the year.

About this Manual
This manual and accompanying Facilitators guide are designed for a three-day training-of-trainers
course in post-harvest handling, storage and preservation techniques including: causes and extent of
on farm post-harvest losses in Ethiopia, and practices to reduce post-harvest losses, store, and
preserve fresh fruits, vegetables, staple grains and animal source foods that are relevant to rural, small
holder farmers. The material is intended for individuals that already have agricultural and livelihoods
technical expertise to train small holder farmers in updated approaches to reducing post-harvest
losses at the household/farm level.
The manual is split into separate sections – the first section addresses with animal source foods.
Because of differences in the causes and solutions for post-harvest losses with animal source foods,
this section is divided commodity (ie, dairy, meat, fish, eggs). The second section addresses fruits,
vegetables and staple crops, with similar division by commodity, where appropriate.
Depending on the context, location and training needs, trainers can pick separate sections as
necessary, rather than deliver the entire training.
In each chapter you will find:
•

Learning Objectives

•

Technical Information

•

References to additional information or resources

In the accompanying Facilitator’s Guide you will find:
•
•
•
•
•
•
•

Course Syllabus and Outline
Learning Objectives
A List of Required Materials
Suggested Teaching Plan and Activities
Accompanying Exercise Sheets for specific sub sections
Take Home Messages
References to additional information or resources
vii

Background Information
USAID – Feed the Future Growth though Nutrition Activity commenced in September 2016 and is a
direct follow-on to the previous ENGINE Project. Growth through Nutrition is focused on 100
districts (80 AGP and 20 non-AGP) across Oromia, SNNP, Amhara, and Tigray. The project promotes
the production, consumption and marketing of nutrient dense foods derived from dairy cattle,
chicken, small ruminants, fish, productive varieties of vegetables, fruits, legumes and bio-fortified
crops. The project supports better use of inputs, cultivation practices, food safety and preservation
technologies to increase availability of diverse foods, prolong the shelf-life of perishable foods and
addresses concerns related to food safety and post-harvest losses.

viii

SECTION 1 – ANIMAL SOURCE FOODS
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GLOSSARY
Abattoir: any premises that is approved and registered by the controlling authority in which animals are
slaughtered and dressed for human consumption
Airtight: When a container is described as closed airtight, the meaning is that materials used are
impermeable to oxygen and therefore suitable for extending the shelf-life of enclosed products.
Bacteria: One-celled micro-organisms present throughout the environment. Some of them cause severe
illness.
Brine: Salt solutions ranging from about 3.5% (a typical concentration of seawater, on the lower end of
solutions used for brining foods) up to about 26% (a typical saturated solution, depending on
temperature).
Carcass: refers to the body of a slaughter animal (without internal organs) consisting of meat, fats,
bones and connective tissues.
Condemned: inspected and judged as, or otherwise officially determined to be, unfit for human
consumption and requiring destruction.
Curing: Preserving by smoking, salting, drying, fermenting, acid curing or various combinations of these.
Enzymes: Proteins specialized to catalyze biological reactions, e.g. the conversion of certain organic
substances into different ones
Fat oxidation: Reaction of fat with oxygen, which leads to a rancid taste in fish and meat
Fermentation: Process by which enzymes, usually from microorganisms, cause desired changes (in taste,
smell, texture)
Lactic acid: belongs to the so called food grade acids as do citric acid and acetic acid, and are used to
lower the pH-values.
Meat: the edible part of any slaughter animal and includes edible offal
pH-value: The pH-values range from 1.0 to 14.0 with its neutral point at pH 7.0. The acidic range is
below 7.0, the alkaline range above 7.0. In meat processing, the pH-values range from 4.0 to 7.0.
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1. OVERVIEW OF POSTHARVEST LOSSES OF ANIMAL SOURCE FOODS IN
ETHIOPIA
Background Information
Growth through Nutrition project staff acknowledges the significant amount of animal source food (ASF)
loss in its operational regions of Ethiopia which impedes the project goal of meeting nutrition security
through improved dietary diversity with the inclusion of animal source food. The information and scientific
pool on postharvest handling is limited in Ethiopia, particularly for highly perishable food products (animal
source foods of milk, meat, fish and eggs). Consequently, it was imperative to review and identify
contextually feasible animal source foods postharvest handling technologies and practices available both
in-country and abroad.
This section of the manual presents information derived from a report on the assessment of ASFs
postharvest handling techniques and losses in Dejen from Amhara, Girar Jarso and Adami tulu (Ziway)
from Oromia, and Cheha, Gorche and Hawassa Zuria (Hawasa lake) from SNNP national regions of Ethiopia
with due consideration to time and other resources. Four animal derived food products, namely egg, milk
and milk products, meat and fish were the target of the assessment with the intention of identifying
causes of PHH loses, indigenous knowledge around handling, processing and storing ASF, the gap in
technical knowledge in extending the shelf life and utilizing of ASF and key challenges associated with the
processing and marketing of such products.

1.1 Milk in Ethiopia
Despite the fact that the country holds more than 10 million dairy cows, the annual production is only less
than 5 billion liters leaving the country a net dairy importer 1. Productivity of the dominant tropical cattle
breed, Zebu types, is very low in terms of lactation period and daily production, 6 months and 1.35 liters
per day, respectively. A number of factors affect this yield level; feed quality and quantity, water
availability, diseases, genetic potential and husbandry practices.
Getachew and Asfaw (2004) 2 estimated that from the total milk produced it was estimated that 68.4% of
the annual milk production is used for home consumption, mainly rural and only 14.6% is marketed
leaving 17% for calves suckling. The same report also indicated values of 44.1% of the milk produced as
home retained and 55.1% as sale from the total milk produced on the farms surveyed, the remaining 0.8%
considered as loss. These figures are dynamic and may not represent the current situation but the

1

CSA, 2015. FDRE Central Statistics Agency. Agricultural Sample Survey. Volume II. Report on Livestock and Livestock
Characteristics. Addis Ababa.

2

Getachew Feleke and Asfaw Tolosa. 2004. Assessment of the type, level and value of post-harvest milk losses in
Ethipia. Ministry of Agriculture and Rural Development/ Food and Agricultural Organization of the United
Nations.
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magnitude is worth noting. Later reports by Getachew et al. (Unpublished) 3 losses of up to 20-35% have
been reported from milking to consumption for milk and dairy products.
Rural farmers market the lowest amount and less frequent throughout the year as compared to urban
and per-urban farmers. Getachew and Asfaw (2004) stated that peri-urban dairy farmers that have
proximity advantage than rural farmers sell 61.0% to 75.2% of their milk through co-operatives and selfhelp groups. Urban dairy farmers sell 56% to 71.6% to consumers. Smallholders with indigenous stock use
most of the milk for home consumption and processing only. Road access is the key bottleneck to limited
market offtake of rural dairy farms.

1.2 Eggs in Ethiopia
The total chicken population at country level, according to CSA (2015) is estimated to be about 56.87
million 4. The national egg productivity can be described as very low; the average number of egg-laying
period per hen per year is about 4, 5 and 1 for the local, hybrid and exotic breeds, respectively (CSA, 2015).
The higher performance of hybrids than exotics and locals at smallholder farmers’ level where the
statistics is generated could be due to the better adaptation of hybrids that is inherited from their local
parent. The average length of a single egg-laying period per hen is estimated to be about 21, 31 and 129
days for local, hybrid and exotic breeds, in that order. The corresponding figures for average number of
eggs laid per hen per egg- laying period in the country is about 12, 25 and 107 eggs. The total annual egg
production is estimated, by the same source, at around 107 million, figure that puts the country as the
13th largest hen egg producers list of Africa. More than 87% of the total egg production is from local breeds
in Ethiopia. Most rural households rear chicken depending on scavenged feed 5.
Both pre- and post-harvest losses can be noted in the Ethiopian chicken production systems. Scavenging
systems poses opportunity for hens to lay eggs in the bushes that contributes to pre-harvest loss in
addition to flock losses caused by death (disease, predators, poisoning and accidents). Another important

3

Getachew Feleke, Medhin Woldearegay and Getnet Haile. Inventory of Dairy Policy-Ethiopia. SNV. Addis Ababa,
Ethiopia.

4

CSA, 2015. FDRE Central Statistics Agency. Agricultural Sample Survey. Volume II. Report on Livestock and Livestock
Characteristics. Addis Ababa.

5

Hailemichael, A., Gebremedhin, B., Gizaw, S. and Tegegne, A. 2016. Analysis of village poultry value chain in
Ethiopia: Implications for action research and development. LIVES Working Paper 10. Nairobi, Kenya:
International Livestock Research Institute (ILRI).
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source of loss is time spent by hen during hatching that takes three weeks as earlier reports 6 estimated
that the reproductive cycle of village chickens consists of a 10 days laying phase, a 21-days incubation
phase and finally a 56-day brooding phase. The notable postharvest losses include low hatching
percentage of hens and breakage. Ideally, intact eggs can keep quality up to a month depending on the
ambient air temperature and storage orientation. This is a fairly good shelf-life for smallholder farmers to
either market or consume eggs. Egg breakage is also one of the noticeable cause of postharvest loss. This
is due to poor handling as well as the predisposing factor of thin-shelled eggs.

1.3 Meat in Ethiopia
Meat is produced in Ethiopia from chicken, goats, sheep, cattle and camel. About 13.57 million chickens,
6.85 million sheep, 6.37 million cattle and about 5.35 million goats were sold nationally in 2015, according
to CSA (2016). Around 21.81 million animals (chicken, cattle, sheep, goats and camels) were slaughtered
by households from the total farm animal population in 2015/16 7. The estimated number of deaths in
the same reporting period was about 71.88 million animals and households have also offered about 1.97
million animals to their relatives or others as gifts according to the same report. The three-fold deaths
over the slaughtered animals numbers shows the pre-harvest loss in meat and other products such as
eggs and milk that would be produced for consumption. There is no published postharvest loss estimate
in the Ethiopian meat value chain, however, experts from the Ethiopian Meat Processors and Exporters
Association estimate a 3 kg per head of sheep or goat loss due to trekking animals to slaughter houses.

1.4 Fish in Ethiopia
Fish Post harvest loss: Post-harvest fish losses can be defined as nutrient or economic losses render the
commodity unavailable or nutritionally deficient for human utilization. Losses can be categorized into
physical, quality, flavor, edibility and market force loss. Traditional processing can cause depletion in
nutrient availability, leading to nutritional loss. Fish loss can also be explained in a more pragmatic four
common categories: physical loss, quality loss, nutritional loss and market force loss. Fish losses are among
the highest in comparison with all other commodities in the entire food production system 8. Post-harvest

6

Smith, A.J. 1990. Poultry tropical agriculturist series. London, UK: CTA, Macmillan publishers, 67-68 pp.

7

CSA (Central Statistical Authority), 2016. Federal Democratic Republic of Ethiopia, Agricultural sample survey, Reports on
livestock and livestock characteristics (private peasant holdings). Statistical Bulletin No. 583, Addis Ababa, Ethiopia.

8

FAO. Reducing post-harvest losses. Rome: FAO Fisheries and Aquaculture Department; 2010
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losses in fisheries include material losses of fish due to spoilage, fragmentation, size, discards of by-catch
and operational losses 9. Both physical and quality losses are high in the fisheries sector, and these
translate into losses in the nutritional contribution of fish to the diet and health of populations. A review
of case studies on post-harvest losses in several countries in Africa indicated high levels of losses both in
quantity (material or physical losses) and in quality (mostly due to downgrading) of fishery products.
According to Teklu 10, Ethiopia loses one-third of its annual production and this was about 10,000 tons of
fish per annum among 28,000 tons of production. Factors that are associated with microbial spoilage are
method of catch, type of fish, sanitation, processing and storage conditions. Microbial spoilage is
estimated to cause physical losses amounting to about 10% of fish catches worldwide, and hence it has
impacts on the availability of nutrients from fish products. Literatures indicated several reasons that
contributed to fish postharvest losses in Ethiopia. Among these were infrastructure-related problems like
shortage of refrigerators, transport and power fluctuations. Over production, over-stuffed of refrigerators
(poor storage) and mixing of the new with the old product also cause losses. In addition, pre-harvest losses
due to the long times that the nets were set or early fish death in the net before hauling of nets causes
spoilage of fishes. This usually happens as a result of delay to haul nets, waves and sudden rises in water
level during floods. Some of the causes of fish post-harvest losses are natural, such as high temperature,
distance and geographic problems 11.

2. MILK
2.1 Introduction
In Ethiopia, milk is produced in most agricultural production systems. It is either sold fresh, consumed as
fermented milk or manufactured into products such as butter, ghee and ayib. Sour milk is the most
common product, and milk is usually soured before further processing. While there are several milk
processing plants in the country, much of the milk produced by rural smallholders is processed on-farm

9

Tesfaye and Teferi. 2017. Assessment of fish post‑harvest losses in Tekeze dam and Lake Hashenge fishery
associations: northern Ethiopia. Agric & Food Secur (2017) 6:4.
10

Teklu D. Determinant factors for wasted fish during harvesting at Amerti and Fichawa Reservoirs Oromia/Ethiopia.
J Fisheries sciences.com.2015;9(4):012–5

11

Tesfaye and Teferi. 2017. Assessment of fish post‑harvest losses in Tekeze dam and Lake Hashenge fishery
associations: northern Ethiopia. Agric & Food Secur (2017) 6:4.
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using traditional technologies which is why it is important to describe such systems. While the processes
used have not been subject to extensive scientific studies, traditional milk processing methods appear to
be effective methods of converting milk into stable marketable products and have long been used for
processing surplus milk. The following diagram presents the process flow of rural milk handling.

Figure 1

Process flow of traditional milk processing and utilization
Source: Yilm eta al (2011) 12

Milk and milk products have important contribution to the rural household. Dairying offers year round
sources of nutrition and income from milking cows from 6 – 10 months. Milk products are prone to quality
(mostly spoilage) and quantity deterioration (mostly spillage) during handling and storage (2.9%),
collection (less than 2%), transport (1.5%), reception (2-3%), processing (2.4 %) and marketing (2%)
activities. The causes of milk and milk products loss include spillage, spoilage and forced consumption.
The objective of this training manual is to highlight the most important aspects of milk production and
handling targeting the reduction of postharvest losses and improving household nutrition. Possible

12

Yilma, Z., G.B., Emannuelle and S., Ameha. 2011. A Review of the Ethiopian Dairy Sector. Ed. Rudolf Fombad,
Food and Agriculture Organization of the United Nations, Sub Regional Office for Eastern Africa (FAO/SFE), Addis
Ababa, Ethiopia, pp 81.
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sources of milk contamination, hygienic measures to tackle them and some improved methods of butter
and ayib making make the core of this training manual.

2.2 What causes post-harvest milk loss?
Personnel dealing with raw milk on a day-to-day basis knows very well how quickly milk becomes sour.
Milk gets sour when it is stored for long periods at high ambient temperatures prevalent in tropical and
subtropical countries like Ethiopia. This is because the inherent lactic acid bacteria and contaminating
microorganisms from storage vessels or the environment break down the lactose in milk into lactic acid.
When sufficient lactic acid has accumulated, the milk becomes sour and coagulates. Raw milk that
contains too much lactic acid, even if it does not appear to be curdled, will coagulate when heated. This
acidity is known as “developed acidity” and such milk is not acceptable for sale to consumers or milk
processors.
The number of spoilage bacteria in raw milk depends on the level of hygiene during milking and the
cleanliness of the vessels used for storing and transporting the milk. During the first 2–3 hours after
milking, raw milk is protected from spoilage by inherent natural antibacterial substances that inhibit the
growth of spoilage bacteria. However, if the milk is not cooled, these antibacterial substances break down
causing bacteria to multiply rapidly. Cooling milk to less than 10°C may prevent spoilage for up to three
days. High storage temperatures result in faster microbial growth and hence faster milk spoilage.
Hygienic Milk Handling
Raw milk is also known to be associated with pathogenic bacteria which cause milk-borne diseases such
as tuberculosis, brucellosis or typhoid fever, among others. Hygienic milk production, proper handling and
storage of milk, and appropriate heat treatment can reduce or eliminate pathogens in milk. In many
countries, milk processing factories are required by law to pasteurize milk before selling it to the public.
Many consumers also routinely boil milk before drinking it to protect themselves from milk-borne
diseases. Processed milk must be handled hygienically to avoid post-processing contamination. So
whether one is selling milk directly to consumers or to a processing factory, it must be handled hygienically
so that it remains fresh and capable of being heated without curdling. Hygienic milk handling includes
using clean equipment, maintaining a clean milking environment, observing good personal hygiene and
preserving the quality of milk during storage and transportation to the consumer or processing plant.
In this chapter, you will learn how to produce milk hygienically and handle it properly during storage and
transportation so that it stays clean and fresh. You will also learn how to add value to raw milk by
16

processing it into nutritious and safe dairy products. In order to ensure that small-scale milk handlers
adhere to acceptable minimum standards of quality, a section has been included on the code of hygienic
practices, dairy regulations and standards for guidance and use in the training and provision of advisory
services to farmers.
Clean milk production on the farm
Good hygienic practice is very important in the production of clean milk. Clean milk has the following
characteristics:
●

Low bacterial count

●

Pleasant creamy smell and color

●

No offensive and unpleasant odors

●

No dirt and extraneous matter

●

No residues of antibiotics, sanitizers or pesticides

Sources of milk contamination
Raw milk may be contaminated by bacteria from several sources. These include:
●

Udder and udder flanks

●

Milker

●

Milking environment

●

Milking equipment

●

Vessels used for milk storage and transportation

Conditions for clean milk production
Here are some important points to observe in order to produce clean milk:
●

Milking should be carried out in a well-ventilated barn with adequate lighting

●

The floor of the milk barn must be durable and easy to clean, preferably made of concrete. After
use, milking vessels and equipment must be cleaned with potable water, sanitized and dried in
the sun on a drying rack. Suitable disinfectants, such as hypochlorite solution, should be used at
the recommended concentrations

●

Milkers must be healthy and not suffering from contagious diseases or ulcers
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●

Only healthy cows should be milked. Cows suffering from mastitis should be milked last and their
milk discarded. Milk from cows on antibiotic treatment should not be sold until the specified drug
withdrawal period of the specific drugs used in the treatment

●

Colostrum (the milk produced in the first five days after calving) should not be mixed with normal
milk. Calves must be allowed to suckle their dams and excess colostrum may be given to other
calves or fed to pets (cats and dogs)

●

During milking, the first strips of milk (fore milk) should be milked into a separate, black-coated
cup (strip cup) to check for mastitis. The fore milk should then be discarded properly away from
the milking area, if possible in a discarding milk pit

●

Where possible, raw milk should be cooled using simple methods such as under the shade,
immersing milk cans in a trough of running cool water or evaporative cooling

●

Udder/teat sanitization after milking

2.3 Milk preservation on the farm at household level
While most smallholder farmers do not have cooling facilities, it is important to cool milk and store it at
as low a temperature as is practically possible if it cannot be delivered within 2–3 hours after milking. This
is particularly important for evening milk or where morning milk cannot be transported to the milk
collection point within 2–3 hours. Simple means of cooling, such as immersing milk cans in ice blocks or
cold water in a trough, are better than leaving the milk uncooled. Where available, domestic refrigerators
may be used but avoid freezing milk as this destabilizes the fat. Figure 2 shows the effect of temperature
on the rate of microbial multiplication along the different time period; the lower the temperature the
slower the rate of bacterial growth. Table below shows the bacteriological quality specification of raw
milk in Ethiopia.
Table 1.

Bacteriological specification of raw milk
Quality

Counts (per ml)

Very good

0 – 200,000

Good

200,000 – 1,000,000

Bad

1,000,000 – 2,000,000

Very bad

2,000,000 and over

Source: Ethiopian Standards: DES 13545:2008.
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Figure 2

Milk storage temperature and bacterial multiplication in time
Source: www.dairyprocessinghandbook.com

Good milking procedure
It is important to follow proper milking procedures in order to obtain milk of good and consistent quality.
A properly executed routine milking procedure is part and parcel of clean milk production.
Make sure you have clean and healthy cow:
•

Cows should always be kept clean and healthy as sick animals can transmit diseases like
tuberculosis and brucellosis to milk consumers

•

Dairy cattle should receive appropriate vaccination and get treated early

•

Milk from a cow that is being treated with antibiotics should not be consumed or sold
until the specified drug withdrawal period is over

•

The cow should be well fed with a diet well balanced with forage and concentrates to
ensure high production of good quality milk

•

Feeding very high amounts of concentrates and low amounts of forages results in milk
with low butter fat

•

Feeding too little concentrates leads to low milk yield

Clean the milking environment/milking area:
•

A milking shed (parlor) which can be permanent or movable should be constructed
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•

It should be located away from any smells; as milk has a hygroscopic nature of attracting
odors

•

The floor of shed should be clean and dry and if possible have a cement floor for ease of
cleaning.

Make sure the Milker is clean and healthy. The milker should:
•

be healthy; free of communicable diseases like TB, brucellosis, Typhoid and the likes and clean
(body and clothes)

•

Maintain short nails and hair (cover the head and mustache when milking)

•

Never smoke during milking time

•

Milk quickly and completely without interruptions

•

Wash properly before and after milking

Follow standard Milking procedure:
Milking is the most important activity in producing quality milk. Milk can be extracted either by hand or
by machine. Hand milking is an art, which can be improved with practice.
Standard milking procedure step
Milking is the most important activity in a dairy farm. Milk can be extracted either by hand or by machine.
Hand milking is an art, which can be improved with practice. Traditionally, hand milking is mostly
performed in open air and with hand and this may expose the milk to contamination. By following
standard milking procedures stipulated below we can prevent milk from contamination:
Steps in standard milking procedure (Simplified)
Step 1.
Prepare all equipment required for milking:
▪

Milking pail

▪

Milk storage can

▪

Measureing jug

▪

Towel

▪

Rope

▪

Strip cup

▪

Stool (seat)
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Figure 3.

Minimum requirements of equipment for standard milking procedure

Step 2.
Milk the cow in the following sequence:
•

Start milking with cows that give birth for the first time as far as the cows is free of
mastitis.

•

Follow with high milk yielding cows.

•

Then low milk yielding cows.

•

Finally milk cows affected by mastitis and infected teat must be milked last.

Step 3
Clean the udder:
•

Wash your hand with clean water and soup before milking.

•

Brush dirt from the cow udder, teat.

•

Wash the udder with warm water and disinfect using a clean towel. Warm water also
stimulates milk let down.
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•

Dry udder using a dry towel.

Step 4
Test for mastitis using a strip cup- strip: first few rays of milk into strip cup from each quarter; test one
quarter at a time, and observe for any abnormalities of each teat. If mastitis is detected (blood stains, pus,
clotted milk), the infected teat and cow should be milked last and treated.
Step 5
Milk the cow:
•

Milk quickly (7-10 minutes) and completely by squeezing the teat not by pulling

•

Let the cow remain in a standing position for at least one hour to ensure the teat does not
come into contact with the ground while the sphincter is still loose

•

Feeding cows during milking, especially dry concentrates, can be source of physical
contamination

Step 6
Clean and sanitizee all equipment used for milking before milking the next cow.

The standard /simplified milking procedure is the most crucial activity in a dairy farm in which smallholder
farmers should equally practice and understand for quality milk production.
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Figure 4

Standard milking procedure

Handling Milk Using Appropriate Equipment
Milk can get easily contaminated unless proper handling is not practiced. The following guidelines should
be followed by farmers to avoid milk spoilage:
●

Filter milk immediately after milking: Use a white filter cloth or strainer. Disinfect the container.

●

wash and dry the cloth/strainer after use.

●

Always handle milk in clean, preferably aluminum or stainless steel containers.

●

When transferring milk between containers, pour the milk instead of scooping since scooping may
introduce spoilage bacteria.

●

Do not handle milk if you are sick of communicable diseases. Seek medical treatment and resume
work only when the doctor says you are fit to do so.

●

Cool the milk immediately after milking. Store milk in a cool clean place preferably lockable room set
aside for milk only. If storing overnight, keep the milk in cold/ chilled water.
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●

Deliver milk to the collection center as soon as possible preferably with in two hours if you cannot
cool the milk.

One of the major sources of contamination of milk is the use of equipment and storage vessels which
cannot be easily cleaned and sanitized. These include jerry cans and buckets made of non-food-grade
plastic. Metal containers such as aluminum and stainless steel cans are recommended under the code of
hygienic practices.
Use aluminum or stainless steel milk containers Do not use used plastic jerry can or copper cans

How to clean milk handling equipment
Clean utensils immediately after milking or after emptying
milk:
Steps
1. Rinse with cold water.
2. Scrub with a brush using hot water with odorless
detergent.
3. Rinse with cold water.
4. Rinse with hot water or put it for 1 min in boiling water
(to kill bacteria).
5. Place upside down on a rack and dry in the sun.
6. Store utensils in a safe, clean and well ventilated room.

How to keep milk cool?
Milk has 36-37 ºC temperature at the time of milking; which is the most favorable temperature for
bacterial growth. Milk must be chilled to below 3–4ºC as soon as possible after milking. Cooling milk slows
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down the growth and activity of germs and hence prevents spoilage. For smallholder farmers milk can be
cooled using different techniques available at the household such as evaporative charcoal box, dipping
milk can in water or even putting the milk cans under the shade.

Figure 5.

In-can immersion cooler: Red arrow shows the cold water flow bathing the milk cans for heat transfer from milk to
water there by cooling milk.

Figure 6

Evaporative charcoal cooler
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Figure 7

Keeping under a shade

●

Dipping the containers with milk in a cold water bath, flowing stream of cooling tank, using a
charcoal cooler,

●

When cooling milk, loosen the lids of the cans to allow the air to escape, and make sure no water
gets into the milk. Cover the cooling tank with a lid to protect the milk from insects and dust.

●

Make sure that you get your milk to the collection center in the shortest time possible

For smallholder farmers without refrigeration, milk needs to be transported carefully and as soon as
possible within 2 hours after the completion of milking. Heat, light, excessive movement and time all cause
warm milk to deteriorate. Transport containers should be made of food-grade materials, which are
capable of being cleaned and sanitized properly, and able to be sealed which both smallholder farmers
understood equally.
Always remember high quality milk:
●

Earns you more money and avoid risk of discarding.

●

Has longer shelf life.

●

Nourish health and nutrition to the consumers.

2.4 How to make Butter, Ayib and Metata Ayib
The efficient way of marketing milk is when it is fresh. However, when and/or where fresh milk market is
inaccessible processing into products may be important. In rural areas milk can be processed fresh or sour.
The common marketable milk products in rural areas are butter and ayib (cottage cheese).
Traditional milk processing methods are labor intensive and consume excessively long time. The efficiency
of making butter and ayib can be improved following the following procedures:
How to make Butter from Cream?
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Butter can be made from either cream or sour milk. About 21 litres of milk is needed to produce one kg
of butter following the traditional method and the process takes churning time of more than three and
half hours (222 minutes). Butter from cream has the following advantages:
●

Yield increase: cream gives up to 49% butter yield, whereas sour milk gives 4.7% butter yield.

●

Time saved: ten times less time is required to make butter from cream than from sour milk.

●

Labor saved: with less time taken to produce a given volume of butter, women benefit from saved
energy and time.
Figure 8.

ILCA Internal Agitator – a simplified and improved butter churn

How to skim cream from whole milk?
1. Shallow pan technique: Milk is poured into a shallow pan 40 to 60 cm in diameter and about 10
cm deep. The pan should be in a cool place, preferably at or below room temperature (200C).
After 36 hours practically all of the fat capable of rising by this method will have come to the
surface, and the cream is skimmed off with a spoon or ladle.
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2. Deep setting: whole milk is poured into a deep can of small diameter such as small barrel or milk
can. The can is placed in cold water (optional) and kept as cool as possible, preferably at or below
room temperature (200C). After 24 hours the separation is usually as complete as it is possible to
secure by this method. The skim milk is removed through a tap at the bottom of the can.

The cream recovered by the above methods can be used to make butter of similar quality to the traditional
butter but with 10 times the volume. However, Cream should be churned at 10--12°C in the hot season
and at 14--17°C in the cold season. The temperature may be raised by standing the vessel containing the
cream in hot water, and lowered by standing the vessel in cold spring water for a few hours before the
cream is churned.
Using internal agitator (in Amharic is commonly called mesbekia) gives more yield and saves time than
pushing the pot back and forth (See figure below).
Skim sour milk from such cream separation can be mixed the buttermilk (Arera) from cream churning and
used to make cottage cheese
Farmers can use the following method of ayib making to improve yield and shelf life of cottage cheese.
How to make Ayib with better yield and shelf life?
Ayib is cottage type soft cheese made from sour milk. It is classified as acid coagulated soft cheese. Due
to its high water content Ayib except Metata Ayib, it has shelf-life usually less than a week in warmer
climate areas. It is made by gentle heating of sour milk so that the acid in the sour milk coagulates the
milk proteins (white part) and aggregates as curd. Here are the basic steps of making Ayib with a longer
shelf life.
•

Make sure you have sour milk or buttermilk that is sour enough as cheese milk.
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Two days old milk in the highlands and one day old milk in the lowlands give amount
of acidity for making ayib.
Put the sour milk or buttermilk in heating pot.
Use gentle heat such that charcoal embedded in ash to heat up the cheese milk to improve
texture, until the curd forms distinctly separated from the whey.
Allow the curd and whey mixture to cool down overnight for improved yield and texture.
Gently separate the mixture by pouring the whey out of the pot.
To improve the shelf life of ayib, drain as much whey out as possible by hanging in a thin.
plain-weave cotton cloth (muslin cloth) or by gently pressing the curd.
o

•
•
•
•
•

Figure 9.

Steps in making Ayib for improved yield and shelf life

How to make Metata Ayib?
Metat Ayib is a common practice in Gojam, North-west of Amhara national region of Ethiopia to preserve
traditional cottage cheese called 'Ayib' (defatted sour milk). Ayib and spices are the raw material used for
the production of Metata Ayib. The preparation of Metata Ayib involves production of different batches
of Ayib by slowly heating defatted sour milk and drainage of whey for three days. The different batches
of Ayib are mixed together and whey is drained for three more days. Then the curd is mixed with different
spices and the mixture is allowed to ferment naturally at ambient temperature in a tightly closed
container. Finally, the vessel is opened and Metata Ayib is ready for consumption. On average the process
may take about 15 days but vary from household to household. The product can stay for several years
and believed to have medicinal values. It is consumed by reconstituting it with milk, whey or water.
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Common spices are listed in the following table. These spices have antimicrobial activities that extend the
shelf life of the product.
No

Amharic name

Common name

Scientific name

1

Zingebile

Ginger

Zingiber officinale

2

Korerima

Korerima

Aframomum korerima

3

Netchshinkurt

Garlic

Allium sativum

4

Dimbillael

Coriander

Coriandrum sativum

5

Senafitch

Mustard

Brassica nigra

6

Basobila

Basil

Ocimum basilium

7

Tosign

Thyme

Thymus serrulatus

8

Tenadam

Rue

Ruta graveolence

9

Netch-azmud

Bishop’sweed

Trachyspermum ammi

10

Tikur-azmud

Black cumin

Nigella sativa

11

Key shinkurt

Shallot

Allium cepa

12

Abish

Fenugreek

Trigonella foenum-graecum

Source: Eyasu Seifu 2013 13.

Basic steps in making Metata Ayib:
●

Make ayib following the procedure in Figure 8.

●

Collect the curd and press it for extra removal of whey

●

Put the pressed curd in a clay pot and cover the top with clean straw or muslin cloth

●

Put the covered clay pot upside down and leave the curd for three days to drain at room
temperature. It is preferred to put the clay pot and its content at the colder side of the house.

●

Add the next batch of curd and repeat the procedure until you have the pot full

●

Further press the curd and put the spices in the list above to the taste

13

Eyasu Seifu. 2013. Chemical composition and microbiological quality of Metata Ayib: a traditional Ethiopian
fermented cottage cheese. International food research journal. 20(1): 93-97 (2013)
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●

o

Roast black cumin, korerima, cloves and fenugreek and grind together

o

Grind thyme, ginger, rue, tikur eriya and mix together

o

Mix well a glass of roasted and grinded rapeseed and coriander

o

Mix all these spices and some salt

Further draining for two weeks gives the hardest product

How to make fruit flavored whey?
Whey is a natural by-product of the cheese-making process and represents 20% of the protein found in
dairy milk. Moreover, whey contains vitamins, minerals (such as calcium, phosphorus, sodium, potassium
and chloride), lactose and fat. In most areas it is given to animals and in some areas consumed by
household members. Dairy cooperatives dispose whey more than households do. Direct consumption of
whey may not be likeable to young and adults, which is why small scale whey beverages production is
important in terms of nutritional improvement as well as income generation from the sale of whey
beverages. Table below presents sample recipe to mix fruit with whey to make whey beverages.
Nutritional profile of whey mixed with fruits varies from the ordinary whey at the fruits bring in additional
vitamins, energy, fiber, moisture, minerals and other micronutrients to the mix.
Whey-fruit mix drink recipe
Whey

75 – 90%

Mixed fruit (Orange or mango or pineapple juice)

10 – 25%

Honey

To the taste

Heat the mixture to 650C (mild heat as used in ayib making) to pasteurize for 30 minutes and allow it to
cool. Whey beverages taste better when cooled and are very nutritious for body building sportsmen,
athletes and young children.
Alternatively: whey can be used to replace water in dough for bread, Enjera and porridge. Households
can develop their own recipe by testing the replacement rate of water by whey in making these traditional
foods. A research is underway by the Ethiopian Institute of Agricultural Research to identify best ways of
utilizing whey in the making of bread and Enjera 14.
Further Reading

14

EIAR. Food Quality Research Case Team. Head Quarters Agricultural Quality Research Laboratory and Holeta
Agricultural Research Center own this research activity on whey utilization. www.eiar.gov.et
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3. EGGS
3.1 Introduction
Chicken eggs are the most popular poultry products in Ethiopia being part of a range of meals from the
simple breakfast to the high valued traditional festive dish of ‘Doro Wet’. Eggs play an important role in
the human diet and nutrition as an affordable nutrient-rich food commodity that contains highly digestible
proteins, lipids, minerals, and vitamins. Even though commercial chicken farming is starting to grow in the
country, the dominant traditional subsistent household chicken rearing stays vital to household nutrition.
It is a very well-known fact that eggs are a great source of nutrient, which is why they are recommended
for most people. An egg can be regarded as natural food. Moreover, eggs can also play a vital role in
weight management, brain function, muscle strength, proper eye functioning, and so on. Eggs are utilized
in a limited number of recipes in the Ethiopian rural households as compared to the available modes of
utilization globally. This section targets describing some nutritional differences of major egg meals.

3.2 Egg loss and causes
Egg losses are not well documented in Ethiopia. From a rapid assessment made earlier, the main causes
of egg postharvest losses are breakage and rotten eggs; both stemming from improper handling. Preharvest losses such as bush-nesting, longer brooding period and rotting are more important than
postharvest losses of eggs in the Ethiopian chicken production.
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Like any food of animal origin, eggs and egg products must be handled carefully. Safe handling of eggs
begins before the eggs are laid with maintaining a healthy flock and collecting clean eggs and then
continues throughout the whole production and distribution throughout the whole production and
distribution systems to retail.
Management Considerations to Reduce Egg Losses
The most important step in the safe handling of eggs is the production of clean eggs. Several steps can be
taken on the farm to minimize the potential contamination of eggs:
●

Make sure that there are enough suitable nests. Typically, one nest for every five hens is sufficient,
but the nest ratio can go to one nest for every eight (1:8) hens without an increase in floor eggs.
The problems arise because all the hens will try to use the same nest. It does not help if you have
five nests but all 25 hens try to lay in the same one to two nest boxes. This leads to possible
breakage as well as increased potential for fecal contamination.

●

Try to get the hens to use all of the nests. Hens prefer nests that are out of the way and a little
darker than the rest of the house. Unless you are using roll-away nests (the egg rolls out after the
hen leaves the nest), make sure that you have enough clean bedding to reduce the incidence of
enough clean bedding to reduce the incidence of breakage by cushioning the eggs and to help
keep the eggs clean.

●

Supplement or change nest litter as needed

●

Provide roosts, and make sure the roosting areas are higher than the nest boxes. Hens will
typically roost at the highest perch. This will discourage the hens from roosting in and thereby
soiling the nest boxes. Do not place the perches over the nests.

●

Collect the eggs as frequently as possible, but at least once a day. Twice a day is better.

●

Maintain a healthy flock with these practices:
•

Keep litter and nest boxes dry.

•

Use safe drinking water and keep water and drinkers clean.

•

Keep feed dry and feeders clean.

•

Control rodents, flies, and beetles.

•

Sanitize any equipment received from other farms.

Regardless of the production system, an egg that appears clean will production system, an egg that
appears clean will still have bacteria on the shell. These bacteria including many types, of which salmonella
is only one. Unwashed clean eggs were found to have substantial load of the bacteria that can be reduced
significantly after proper washing. By comparison, unwashed eggs with fecal material will have log10 9.5
colony-forming units which is reduced to only log10 4.5 with proper washing.
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For a small layer flock, egg washing does not need to be as extensive as that recommended for larger
commercial operations. The first recommendation, however, holds true for all egg operations, regardless
of size: do not use eggs that are excessively dirty. Eggs should be washed before they are put in the
refrigerator, with running water (no immersion) that is warmer than the temperature of the egg. Use a
brush if necessary. If a detergent is used, rinse the eggs. Dry the eggs completely before storing them.

3.3 Egg handling
●

Collect eggs twice a day: in the morning and afternoon.

●

Any cracked eggs should be thrown away.

●

Eggs should be cleaned before being refrigerated. If you collect eggs on a very hot day, then bring
them inside and let them sit at about 70°F for a while before washing.

●

Wash indoors using potable water from a sink. Egg washing can be done by wiping, spraying,
pouring, or dipping, but soaking eggs for even a minute is dangerous because it allows microbes
to enter the shell.

●

VERY IMPORTANT: Wash eggs with water that is about 32°C (or 5°C warmer than eggs). If eggs
are washed with water that is cooler than the eggs, it will force the egg to contract and pull water
and microbes through the shell into the egg, causing contamination.

●

A brush can be used to clean debris from eggs. The brush should be dipped in bleach water after
every batch of eggs that is cleaned.

●

If detergents are used, then rinsing is necessary; rinse water temperature should be a few degrees
higher than wash water. Distilled white vinegar, diluted in half with water, may also be used as a
cleaner and/or sanitizer for eggs. If cleaning, wipe each dirty egg with a new paper towel dipped
in the vinegar solution.

●

Eggs may be dried with paper towels (not cloth), or left on drying racks in the refrigerator to dry.
Do not put wet eggs in cartons.

●

Eggs should be placed small end down into cartons/flats.

●

Cartons should not be reused, especially not cardboard cartons that can easily absorb
contaminants.
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●

Eggs should be stored at 7°C, with humidity at 70%.

●

Don’t store eggs with materials that have an odor (onions, fish, potatoes, etc.) or they will take
on that odor. Never smoke in the same room as eggs are stored-the eggs will take on the taste of
smoke.

●

Thoroughly inspect eggs for cracks before using or giving away.

3.4 Egg storage
Egg storage containers should be labeled with date collected, and used or given away within a week. This
recommendation is based on the following:
●

Eggs lose quality quickly once washed, especially if they are held at too high or too low a humidity
level.

●

If eggs have been held on your farm for a few weeks, shelf life is decreased already. If eggs are
given to friends, friends may store them for a few weeks. Risk of contamination increases the
longer eggs are stored.

●

Once washed, farm eggs do not usually have sanitizers or oil applied as commercially produced
eggs do, and therefore may not have as long of a shelf life.

●

Shelf life for eggs should be considered to be five weeks.
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3.5 Egg utilization
Healthier ways of cooking eggs
There are many methods for cooking eggs.
Poached Eggs
Poaching is often considered the healthiest way to eat eggs. It limits the fat and calories compared with
scrambling, baking or frying. Poaching also requires less heat, reducing the amount of inflammatory toxins
and lowering the risk of conditions such as diabetes and heart disease.

Figure 1

Poached eggs

How to Cook
●

Always select fresh eggs. To check, place each one in a bowl of water. If it’s fresh, it will sink; if it’s
past its best, it will float or bob.

●

Put water in a wide shallow pan so it’s 2/3 full. Crack open an egg into a cup and gently slide it
into the water.

●

Slowly simmer the eggs for 3-5 minutes without boiling, as high temperature can destroy the egg
white. To help set the white and give extra color to the eggs, add 1-2 tablespoons of vinegar to
the water.

●

When the eggs are cooked, remove them with a slotted spoon. Dry the bottom of the spoon
before plating.

Boiled Eggs
Boiling is a great way of preserving all the nutrients in the egg yolk and may be the healthiest way to eat
eggs. The yolk is protected from oxidation by the water, shell and egg white. What’s more, boiling is
perhaps the quickest and easiest method of cooking eggs.
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Figure 2

Boiled Eggs

How to Cook
●

Place your eggs in a large saucepan and cover with an inch of cold water.

●

Using a medium heat, gradually bring the water to the boil.

●

When boiled, take the pan off the heat. How long you leave the eggs will depend on your personal
taste:
•

Very firm hard-boiled – 15 minutes

•

Firm but creamy hard-boiled – 10 minutes

•

Custardy but firm soft-boiled – 6 minutes

•

Slightly runny soft-boiled – 4 minutes

•

Runny soft-boiled – 3 minutes

Tips to Eat Eggs Healthily
●

When ready, place your eggs in a sieve, then run under water to halt the cooking process. Peel
and serve immediately.

●

Look for cooking methods that use less fat to get the vitamins, minerals and protein without the
extra fat or calories.

●

Eat your eggs plain, or add flavor with herbs, spices or tomato salsa.

●

For meals, serve eggs with other nutritious ingredients, such as whole-grain cereals and
vegetables.
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●

Although egg whites have less fat and fewer calories, egg yolks contain many of the vitamins and
minerals.

Nutritional facts about egg meals
One egg contains varying amounts of 13 essential nutrients, some of which include protein of high quality,
iron, choline, zinc and folate. Eggs provide almost all the essential amino acids that the human body
requires in a particular pattern that is close to perfect. However, there are also many people, especially
those that are elderly, who are asked to refrain from eating egg on a regular basis, mainly because it is
quite high in cholesterol. The amount of calories present in one raw egg is around 70 or so. Out of these
70 calories, the egg white calories are approximately 15, whereas the number of calories present in the
egg yolk is around 55.
Along with 1 egg calories, the amount of protein that is found in one egg is 6 grams or 12% of the daily
recommended value. Because eggs are high in quality protein, they allow a person to remain full for a
longer period of time and it also keeps people energized. Therefore, eggs can actually contribute towards
the maintenance of a healthy weight range. Health experts advise parents to make sure that their children
eat one, or up to two eggs each day. Middle aged adults can also prevent muscle loss, by the consumption
of eggs.
There are two different types of eggs, i.e., the white ones and the brown ones, but there are no nutritional
deficiencies between both types. Therefore the egg calories in the white eggs are the same as the brown
egg calories. The sizes of eggs may also vary and therefore, the number of calories may vary based on the
size. For example, large egg calories could be around 75 to 80 calories or so, which is a bit higher, as
compared to the regular or medium sized egg calories. However, the manner in which the egg is prepared
could influence the egg calories to a great extent. If the amount of fat or oil used in the preparation of an
egg dish is high, then the number of calories in that dish is also bound to be considerably higher.
Soft boiled egg calories
A soft boiled egg is prepared by boiling a raw egg in water for a very short period of time. The egg is boiled
just long enough to kill the harmful bacteria that are present in it. The white gets cooked to some extent,
but the yolk remains mostly runny. Hence people use an egg cup, to avoid making a mess, while eating
soft boiled eggs. Many children and some adults too begin their day with a soft boiled egg. Several
dieticians and health experts also advise people to do that, as the nutrition factors within a soft boiled egg
are usually intact. However, the number of calories present in a soft boiled egg may vary, based on how
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it is prepared. Nevertheless, the calories present in soft boiled eggs are a lot less, as compared to other
egg preparations. Given below are the nutritional facts for one large soft boiled egg:
Hard-boiled egg calories
Hard boiled eggs are a favorite of those people who are into fitness and work out on a regular basis, with
the purpose of building their muscle mass. In this method of cooking, the egg is boiled in water for a longer
period of time, so that the yolk becomes firm and solidifies. Given below are the nutritional facts for one
medium sized hard-boiled egg:
Scrambled egg calories
Several people fix a quick breakfast of scrambled eggs in the morning, not just because they are easy to
prepare, but also because they are quite tasty. Moreover, people can use a variety of ingredients, to add
different flavors to their eggs. Most people prepare scrambled eggs using milk, onions, mushrooms and
at times bacon too. Therefore, the number of calories in a scrambled egg depends completely, on the
ingredients that are used in the preparation. However, in case the egg is prepared with skim milk, salt and
a small amount of oil or butter, then the number of calories in 1 large scrambled egg should be around
100.
Fried egg calories
Sunny side up or full fried eggs are a favorite with many children, as well as adults. Eggs that are cooked
on a pan or skillet with a little bit of fat like oil or butter are fried eggs. One fried egg usually contains
around 92 calories, if it is cooked with a minimal amount of fat or butter.
In spite of the fact that the egg calories count in relatively lower as compared to other high protein foods,
it is important to ensure that eggs are consumed in moderation, as an excess of any kind of food can be
harmful. Therefore, it is best to ask a well-qualified nutritionist or a dietician, for the daily recommended
doses, which may vary from one individual to the other, based on age and levels of physical fitness.
Table 2.

Nutritional comparison of soft and hard boiled eggs
Nutrient

Soft boiled eggs

Hard boiled eggs

Calories

80

70
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Calories from fat

50

45

Protein

7.0 g

6g

Iron

6%

2%

Calcium

3%

2%

Vitamin A

5%

5%
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4. MEAT
4.1 Introduction
Meat is animal flesh that is eaten as food. Generally, this means the skeletal muscle and associated fat
and other tissues, but it may also describe other edible tissues such as offals (heart, kidney, liver, pancreas,
lunge, intestine, tongue, tripe, etc.). Source of meat in Ethiopia are domesticated animal species, including
cattle, chicken, sheep, goat, and a lesser extent pigs.
Loss of the final harvest depends on the efforts of everyone involved in the complex chain of animal
production, processing, transportation, storage and consumption. Each stage involves completely
different technical operations which must not be viewed as separate but independent processes.
Shortcomings at one stage can have a serious negative impact on the product or process in a subsequent
stage and influence technological, biochemical or microbiological aspects. Poor carcass handlings result
in high levels of microbial contamination, thus reducing the shelf-life and adversely affecting the sensory
properties. Hence, to reduce postharvest loss by improving safety, quality and nutrition of meat, all the
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stakeholders in meat production, processor, retailers and consumers must be informed or trained about
the proper handling of livestock and meat.

4.2 What causes meat postharvest losses?
The transformation of animals into meat involves several operations and poor operational techniques and
facilities in any of these operations will result in unnecessary suffering and injuries to animals which can
lead to meat loss in the form of reduced, quantity, quality and spoilage. Different technical operations are
also involved in slaughtering and inadequacy at one stage will result in a rigorous negative impact on the
product and/or process in the following stage. After few hours of slaughtering of animals, muscles become
firm and rigid, a condition known as rigormortis (body stiffness after death). The process of rigormortis
depends on the stress induced on the animals during the slaughtering process. Raw meat quality is
reported to be severely affected by the stress conditions during slaughtering process and the slaughtering
methods.
The considerable loss of meat in the quality and quantity may be in the form of:
●

Carcass and meat condemnations due to pre-slaughter handlings: bruising, injuries and deaths;

●

Loss of meat quality;

●

Spoilage of meat due to both pre and post-slaughter handlings;

Lipid oxidation, protein degradation and the loss of other valuable molecules are the consequence of meat
spoilage process. Proteins and lipids can break down resulting in the production of new compounds
causing changes in meat flavor, tenderness, juiciness, odor and texture. Hygienic slaughtering and clean
handling of the carcass can extend storage time of meat and meat products.

4.3 Pre-slaughter animal handling
General principles of handling meat animal
The first principle of animal handling is to avoid getting the animal excited. It takes up to 30 minutes for
an animal to calm down and its heart rate to return to be normal after rough handling. Calm animals move
more easily and are less likely to bunch and be difficult to remove from a pen. Handlers should move with
slow, deliberate movements and refrain from shout loudly .Animals may become agitated when they are
isolated from others. If an isolated animal becomes agitated, other animals should be put in with it.
Handlers must also be careful not to force animals to move by using crowd gates. Animals should walk up
the race without being forcibly pushed. If they are pushed up too tightly with a crowding gate, handling
becomes more difficult.
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Flight zone and point of balance
An animal’s flight zone is the animal’s safety zone and handlers should work on the edge of the flight zone.
If an animal turns and faces a person, the person is outside the flight zone. When a person enters the
flight zone, an animal will turn away. If an animal in a pen or race becomes agitated when a person stands
too close to them, this indicates that the person is in the flight zone and should move backwards away
from them. The flight zone size depends on how wild or docile (tame) the animal is. Animals with a flighty
temperament will have a larger flight zone. Animals that live in close contact with people have a smaller
flight zone than animals that seldom seepeople. An excited animal will have a larger flight zone than a
calmone. A completely docile animal has no flight zone and may bedifficult to drive.

Figure 1.

Flight zone and point of balance

To make an animal move forward, the handler must be behind the point of balance at the shoulder. To
get the animal to move backwards, the handler must stand in front of the point ofbalance.
Animal stress during slaughter and its effect on meat quality and safety
Scientific research has shown that warm-blooded animals (this includes livestock) feel pain and the
emotion of fear. In particular mammals, including food animals of this group, have brain structures that
enable them to feel fear and suffering from pain, and it is likely that they suffer pain in the same way as
humans. Fear and pain are very strong causes of stress in livestock and stress affects the quality of meat
obtained from this livestock. Pain is usually the effect of injury and suffering, which also affects the quality
and value of meat from affected animals. Efficient, experienced and quiet handling of livestock, using
recommended techniques and facilities, as well as taking measures to eliminate pain and accidental injury,
will reduce stress in the animals and prevent quality deficiencies in meat and by-products.
Animal stress and meat quality
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The energy required for muscle activity in the live animal is obtained from sugars (glycogen) in the muscle.
In the healthy and well-rested animal, the glycogen content of the muscle is high. After the animal has
been slaughtered, the glycogen in the muscle is converted into lactic acid, and the muscle and carcass
becomes firm (rigor mortis). This lactic acid is necessary to produce meat, which is tasteful and tender, of
good keeping quality and good color. If the animal is stressed before and during slaughter, the glycogen
is used up, and the lactic acid level that develops in the meat after slaughter is reduced. This will have
serious adverse effects on meat quality.
It is necessary for animals to be stress and injury free during operations prior to slaughter, so as not to
unnecessarily deplete muscle glycogen reserves. It is also important for animals to be well rested during
the 24-hour period before slaughter. This is in order to allow for muscle glycogen to be replaced by the
body as much as possible (the exception being pigs, which should travel and be slaughtered as stress free
as possible but not rested for a prolonged period prior to slaughter). It is important that the glycogen
levels in the muscles of the slaughtered carcass are as high as possible, to develop the maximum level of
lactic acid in the meat. This acid gives meat an ideal pH level, measured after 24 hours after slaughter, of
6.2 or lower. The 24h (or ultimate) pH higher than 6.2 indicates that the animal was stressed, injured or
diseased prior to slaughter.
Animal stress and meat safety
Lactic acid in the muscle has the effect of retarding the growth of bacteria that have contaminated the
carcass during slaughter and dressing. These bacteria cause spoilage of the meat during storage,
particularly in warmer environments, and the meat develops off-smells, color changes, rancidity and
slime. This is spoilage, and these processes decrease the shelf-life of meat, thus causing wastage of
valuable food. If the contaminating bacteria are those of the food poisoning type, the consumers of the
meat become sick, resulting in costly treatment and loss of manpower to the national economies. Thus,
meat from animals, which have suffered from stress or injuries during handling, transport and slaughter,
is likely to have a shorter shelf life due to spoilage. This is perhaps the biggest cause for meat wastage
during the production processes.
Bruising and injury
Bruising is the escape of blood from damaged blood vessels into the surrounding muscle tissue. This is
caused by a physical blow by a stick or stone, animal horn, metal projection or animal fall and can happen
anytime during handling, transport, penning or stunning. Meat that is bruised is wasted as it is not suitable
for use as food because:
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●

It is not acceptable to the consumer;

●

It cannot be used for processing or manufacture;

●

It decomposes and spoils rapidly, as the bloody meat is an ideal medium for growth of
contaminating bacteria;

●

It must be, for the above reasons, condemned at meat inspection;

Bruising is a common cause of meat wastage and can be significantly reduced by following the
recommended correct techniques of handling, transport and slaughter.
Transport of food animals
Transport of livestock is undoubtedly the most stressful and injurious stage in the chain of operations
between farm and slaughterhouse and contributes significantly to poor animal welfare and loss of
production. Livestock should be transported in a manner that avoids injury and minimizes stress
throughout the journey. Poor transportation can have serious effects on the welfare of animals and it can
lead to significant loss of meat quality and production. Some of the effects of improper transportation of
animals include stress (which lead to poor color and taste of meat), bruising (which is the most serious
and significant production waste), dehydration and exhaustion (as a result of long distance travel without
proper watering and feeding) and injuries (such as broken legs, horns, etc).
Methods of Transportation
The most appropriate methods of moving meat animals are on hoof, by road motor vehicle and rail. Well
equipped road motor transport is by far the most versatile, the method of first choice and the most user
friendly type of transportation in general. However, such trucks are not available in the country at small
scale level, and not described in detail here. Moving cattle on the hoof (trekking) is preferable only where
road and rail infrastructure does not exist, or when distances from farm to destination are short. This
method is slow and fraught with risks to the welfare and value of the animals. Of the food animals sheep
and goats are the easiest to transport and generally travel well on hoof, rail or road. Broilers are best
transported by road. Flocks of birds should be subdivided in small numbers in crates. Recommended are
plastic crates, which can be stacked on top of each other on a vehicle and which can easily be washed
after use. The lid of the crates is for loading and the opening at the side for removal of the birds.
A number of factors must be taken into account during the journey in order that the animals do not suffer,
become injured or die. During trekking, cattle, sheep and goats can be successfully moved on hoof, and
here certain risks are involved.
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Key considerations while trekking livestock for slaughter:
●

The journey should be planned, payingattention to the distance to be travelled, opportunities for
grazing, watering and overnight rest.

●

Animals should be walked during the cooler times of the dayand, if moving some distance to a
railhead, they should arrive with sufficient time to be rested and watered before loading.

●

The animals should not go so distant. Themaximum distances that theseanimals should be trekked
depend on various factorssuch as weather, species, body condition, age etc.

Lairaging
Lairaging serves as a collection point for different animals just before slaughter. The lairage is also used
to provide animals with some amount of recovery from stress during transport. Animals should be given
adequate amount of suitable feed and water if they will be kept in the lairage longer than expected.
Although lairaging is to enable animals to rest and to recover from transportation stress, it can be a major
source of meat quality problems. Animals may suffer from different degree of bruising and injury as a
result of fighting or overcrowding. Lairage can also act as reservoirs of infection by pathogenic bacteria
and there is evidence that longer holding times increase the risk of carcass contamination. Lairages should
be designed and constructed to hold appropriate number of animals without compromising their welfare.
Therefore, lairages should fulfill the following requirements.
•

Lairages should have sufficient room for each animal to stand up, lie down and turn around.

•

Drinking water should always be available to animals in lairages.

•

Fasting before slaughter reduces the volume of gut contents and hence bacteria and therefore
reduces the risk of contamination of the carcass during dressing. It is usually sufficient for the
animals to receive their last feed on the day before slaughter.

•

Troughs should be designed and installed in such a way as to minimize the risk of fecal
contamination and bruising and injury of animals. In addition, they should not hinder movement
of animals.

•

Feed troughs should be sufficient in number and should have adequate feeding spaces for all
animals to feed.

•

There should be a waiting pen, preferably circular, between the holding pens and the race leading
to the point of stunning or slaughter.

•

Lairages should be constructed and maintained so as there should be no sharp edges or
protuberances which may injure animals.

•

Lairages should be adequately ventilated.

•

Floors should be well drained and not slippery and should not cause injury to the feet of animals.
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•

The condition and state of health of animals in a lairage should be inspected at least every
morning and evening by a veterinarian or, under the latter’s responsibility, by another competent
person. Animals which are sick, weak, injured or showing visible signs of distress should be
separated, and treated or humanely killed immediately.

•

Aggressive animals with horns capable of injuring other animals should be penned separately.

Pre-slaughter penning
At the time of slaughter, animals should be healthy and physiologically normal. All species of animals
become agitated when they are isolated from their groups. Calm animals move more easily and they
areless likely to bunch together and be difficult to remove them from a pen.
•

Slaughter animals should be adequately rested, preferably overnight, particularly if they have
traveled for some times over long distances. The holding period allows for injured, victimized and
sick animals to be identified and isolated.

•

When ready for slaughter, animals should be driven to the stunning without undue fuss and noise.

•

Animals should never be beaten nor have their tails twisted. Animals should be led in single file
into the stunning area where they can be held in appropriate restraining device(s) before
stunning.

•

When droving animals, handlers should move with slow deliberate movement and refrain from
yelling. Handlers must also be careful not to force animals with crowd gates. If a system is
designed and operated correctly, animals will walk up the race without being forcibly pushed.

Stunning
Stunning makes animals temporarily unconscious so that they will not feel pain during sticking. It reduces
struggling, eases slaughtering operations and promotes effective bleeding. Stunning in particular has been
embrace by the animal activist as a way of promoting animal welfare, while some religious bodies (e.g.
Muslims and Jews) disagree with stunning on religious grounds.
Slaughter routine in many parts of the world is sometimes dictated by religious beliefs and local customs.
Similarly, many meat handlers and consumers in Ethiopia have not much knowledge about the stunning
of animals and the benefits on the quality and shelf life of meat. Some also believe that stunning animals
before slaughter is against their religion and slaughter requirements.

4.4 Humane Slaughter and Meat Handling
The obligation in the conversion of food animals into edible products and useful by-products is to
slaughter the animal in a humane manner and to process the carcass in a hygienic and efficient way.
Sticking
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Bleeding is the part of the slaughter process where the main blood vessels of the neck are severed in order
to allow blood to drain from the carcass, resulting in the death of the animal. The sticking knife should
continuously be sharpened. A blunt knife will prolong the incision and the cut ends of the blood vessels
will be damaged. This may cause premature clotting and blockage of the vessels, delaying bleeding out
and prolonging the onset of unconsciousness and insensitivity.
It is expected that as much blood as possible (up to ½ of total amount) is removed from the stunned
animal after the bleeding process. The efficiency of bleeding has a bearing to the keeping quality of meat.
Blood is a good medium for growth of microorganisms and hence its presence in the carcass will accelerate
(hasten) spoilage/deterioration of meat. A carcass that is not well bled looks dark and muscles produces
blood when cut. Blood vessels (especially subcteaneous and intercostal vessels appear injected with blood
while visceral organs (lungs, heart, liver and lymph nodes) contain excessive blood, are flafy and waterly.
Carcasses that are not properly bled are expected to be condemned during meat inspection.
Flaying
Flayingis the removal of the hides and skin. It should be done carefully to preserve the wholeness of the
hides and skins. They should not be punctured during flaying. Stomach contents and soils are the major
sources of microbial contamination of carcasses and the soil adhrering to the animal is carried to the
slaughter area on the hair, hide and hooves and tail of the animal. Efforts should be made to wash and
dry the animals before they slaughter. In addition, tails need be covered until hide is removed which is
then kept separate from carcasses.
Evisceration
Eviscerationis the removal of internal organs such as stomach, liver, spleen, intestines and lungs. This
operation should be done carefully to avoid puncturing of the stomach and spillage of its contents which
can contaminate the carcass. Stomach contents contain a lot of disease agents that cause food poisoning
to consumers. After evisceration, the carcass needs to be washed with water to remove any surface
contamination with blood and intestinal contents.
Carcass splitting
Carcasses are split carefully through the backbone into two equal portions. The splitting can be
accomplished manually or by use of an electrical power saw. Contaminated and unaesthetic parts of the
carcass have to be trimmed to enhance the aesthetic value of the carcass.
Offal
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By-products of a meat may be everything from the abattoir or butchers shop that is not sold directly as
food. Products other than carcass meat may be considered as byproducts. Offal are categorized as edible
by-products and are parts of an animal not considered as good as carcass flesh. They include livers, kidney,
thymus gland, stomachs and intestines, pancreas, blood and edible trimmings. Efficient methods of
handling offal will result in a larger amount of edible products of high quality. The need for efficient
treatment of these products is based on the necessity for their rapid hygienic disposal to avoid
contamination of fresh meat, decomposition and formation of obnoxious odors. Research has shown that
the nutritive value of edible offal component items is comparable or even superior to that of the carcass.
It is common to find dishes exclusively made from these items (dulet, milasina-senber, tripa) in the
majority of the restaurants in big towns of the country.
Handling of Edible Offal
Offal can be handled and stored based on their color classification:
•

Red offal: liver, kidney and heart,

•

Grey offal: stomach, intestine, lungs and spleen and-----

•

Dark offal: head and feet.

The red offal can be given the same cooling treatment as the carcass, but the others should be sold quickly.
If storage is desired the grey and dark offal should be held in a separate chamber and spread out to allow
for more effective cold action. Grey offal which include the stomach and intestines must be moved to an
area provided for this purpose and they should be emptied of their contents then flushed with water. The
dark offalshould be roasted, scraped and washed outside the premises. The dark and grey offals are
utilized as byproducts and should therefore be disposed of as soon as possible or be refrigerated.
Meat hygiene
Meat hygiene refers to all efforts applied along the entire meat production, processing, and distribution
chain. Foods of animal origin including meat and meat products have high nutrient content and provide
the ideal growth media for pathogenic microorganism so they present high risks of microorganisms or
food borne disease or intoxication if not correctly handled or prepared. The meat and meat products
should not carry pathogenic microorganisms that might cause disease in man, nor shall they contain
microbial toxins or chemical residues that might affect public health. Thus good hygienic practices must
be applied across the food chain from primary production to consumption in order to ensure consumer
protection.
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Smallholder farmers produce the majority of animal-source foods in sub-Saharan Africa and these foods
are an important cause of food-borne disease. Meat production is usually confronted with problems of
inappropriate pre-slaughter handling of animals, slaughtering process and unhygienic meat handling. Such
practices include the use of unsterilized and improperly cleaned knives and equipments, dressing of
carcass on filthy slaughter floor, and hanging of meat in open places overnight; and thus meat produced
can be contaminated before getting into the food chain. Eating raw meat or offal, eating sick animals, and
potential cross-contamination during food preparation are among the risky meat-handling practices at
consumer level. Contamination after a preservation treatment has been carried out is especially
dangerous. An example of this is the contamination of cooked meat by placing it on the same plate on
which raw meat was kept.
The general safety recommendation in handling meat can include:
•

Ensure good personal hygiene. Wash hands thoroughly with hot water and soap after using the toilet,
handling cuts, cleaning infections and doing dirty work, and before touching meat.

•

Change towels and wash clothes regularly.

•

Keep meat on smooth surfaces which can be and are washed well (e.g. stainless steel kitchen block, tiles,
stone).

•

Keep the places where meat is stored clean by regularly washing.

•

Wash all tools used for meat regularly.

•

Cover all foods well.

•

Try to keep all pests away from the places where foods are kept.

•

Never store leftovers at room temperature.

•

Ensure proper hygiene when animals are slaughtered.

•

Use clean water. If necessary, boil the water before use.

Possible ways of contamination and necessary precautions
Food can be contaminated with pathogenic microorganisms that result from poor production and storage
environments, as well as unhygienic handling practices. Unless otherwise infected, the meat of freshly
slaughtered animals is basically sterile. The presence of micro-organisms on post-slaughter carcasses is
thus due to cross-contamination occurring immediately before, during and after slaughter. Pathogenic
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microorganism may reach food either directly at slaughter from animal or human excreta, or transferred
to food through contaminated hands, utensils, equipments and by flies.
The major sources of cross-contamination can be categorized as:
 The animal itself,
 Tools and equipment used during slaughter,
 The workers and the slaughter environment itself
The following are some precautions that must be taken in slaughtering:


Sticking: Contaminated knives can transmit bacteria into the animal tissues during the early stages
of bleeding when the pumping action of the heart is strongest, if this should happen, deterioration
in deep tissues can result. The knife should be cleaned and rinsed in hot water



Skinning: Uncontrolled knife skinning introduce spoilage organisms onto the surface of the
carcass.



Evisceration: Care should be exercised not to puncture the intestines. The butcher should follow
the procedure by first tying the bung (rectal end of the intestine) and the cut end of the esophagus
before removing the intestine and stomach then the trachea, heart, lungs, etc. These organs
should be hung on a hook while the stomach and intestines should be dropped in a container
designated for this purpose. The stomach and intestines should not be opened while carcass
dressing is in operation as this can cause cross-contamination of the meat.



Trimming: This is meant to remove blood stained meat, bruises, contaminated and unaesthetic
parts of the carcass. The aim is to enhance the quality, safety and aesthetic value of the carcass.



Washing: Carcasses should be washed with clean potable water under slight pressure if possible.
The primary objective of carcass washing is to remove visible soiling and bloodstains and to
improve appearance. Washing is no substitute for good hygiene practice during slaughter and
dressing because it is likely to spread bacteria rather than reduce total numbers. A wet surface
favors bacterial growth so the water should be allowed to drain from the carcass

Personal Hygiene
Slaughter and handling of meat, presents many opportunities for cross-contamination and personal
hygiene is a very important factor. Contamination of the meat can be caused both by human element as
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well as from the tools used. Persons who come into direct or indirect contact with edible parts of animals
or meat in the course of their work should maintain appropriate personal cleanliness and behavior. There
should also be a health certificate for not to be clinically affected by communicable diseases likely to be
transmitted by meat.
Hand washing
Cross contamination due to the transfer of bacteria from the food handler to product can occur in many
ways, but dirty hands is the main cause. Hands should be kept clean, and fingernails short and hand
washing at the following stage is highly recommended. Wash hands:
1. Before the slaughter of animals;
2. After using the toilet;
3. After coughing, sneezing or touching the face or hair;
4. After handling any waste or contaminated material. Even if gloves are to be worn, the hands must
be kept clean and the gloves washed as for hands or changed.
Hands should be washed with a hand sanitizer and warm running water and must be dried thoroughly
with a single use towel or in a way that is unlikely to transfer bacteria onto the hands.
Steps for proper hand washing:
1) Wet hands thoroughly under warm running water and apply soap to them.
2) Rub hands together to make a lather and spread it over all areas of hands and making sure it
covers palms, backs, wrists, fingernails and fingers, and rubbing between each finger and round
thumbs. It’s this action which helps the soap dislodge and remove dirt and germs.
3) Rinse the soap off completely under a stream of clean running water.
4) Dry hands thoroughly, using a clean hand towel or hand dryer, not a tea towel or clothes.
Clothes
Personal clothing can carry micro-organisms. Therefore, to protect the meat from this risk, protective
coveralls should be worn. The coveralls should be light in color so that contamination can be easily
identified and the coveralls cleaned and sanitized. Clean waterproof footwear should be worn, and should
either be replaced (disposal shoe covers) or cleaned and sanitized before starting or resuming work after
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a break, and similarly at the end of such work period. Protective clothing should be worn outside of
slaughter or processing areas.
Touching of Body Parts
All parts of the body carry numerous microorganisms including S. aureus. While it is impossible for a
person to remove all of these micro-organisms, careful attention to personal hygiene will minimize the
risk of contamination. Care should be taken not to touch the ears, nose, mouth, eyes and hair while
working in slaughter and processing facility areas. These parts of the body may carry a higher number of
organisms that could be transferred to the meat through miss-handling and cross-contamination.
Sick persons: Sick persons clinically affected by or suspected to be carrying a disease likely to be
transmitted through meat should not be engaged in the meat animal handling, processing and food
preparation . If a person is not well, particularly if the illness is associated with diarrhea, that person should
not engage in the slaughter of animals for human consumption. It should be noted that some people
become lifelong carriers of diseases such as typhoid (salmonella), hence such person do not allowed to
work in food industries including meat.
Cuts, slight skin breaks (grazes) and other skin lesions
Cuts, grazes and other skin lesions should be covered, using blue waterproof adhesive tape, or waterproof
gloves. This is because, during the healing process of skin lesions, the organism Staphylococcus aureus
multiplies around the wound. This organism could then easily be transferred to meat where it produces a
toxin that is responsible for food poisoning.

4.5 Small scale meat preservation
Importance of meat preservation
Meat storage and preservation are the process of keeping foods for longer duration without spoilage and
with fair sensory acceptability. Preserved meats can be eaten long after the fresh meat would normally
have spoiled. Consumption of fresh foods is always preferable as preservation usually decreases the
nutritional value. In other words, preserved foods are not as healthy as fresh foods. Preservation must be
seen as a way of storing excess foods that are abundantly available at certain times of the year, so that
they can be consumed in times when food is scarce.
The speed with which meat spoils not only depends on hygiene conditions and storage temperature, but
also on the acidity of the meat and the structure of the muscular tissue. The firm muscular tissue of beef,
for example, spoils less quickly than liver. Hygienic slaughtering and clean handling of the carcass have a
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positive effect on storage life. After slaughtering, one should preserve the meat as quickly as possible. The
onset of spoilage in meat is seen by changes in color, among other things. Typical spoilage smells also
develop (such as a rotten egg smell). Spoiled food, when consumed, can cause symptoms such as
diarrhoea, stomach pains, nausea and vomiting, and stomach infections or cramps. In the worst case
scenario, spoiled meat effect reaches to death. In very serious cases it can cause death. Thus all actors in
meat value chain need adequate educations on preservation methods so as to enable them reduce the
level of meat spoilage during storage and to reduce the possible public health hazard.
Meat preservation methods
Fresh meat spoils very quickly in the high ambient temperatures of the tropics. If meat must be kept for
more than one day, then it must be preserved. As a result, methods have been developed to preserve it.
The choice of a preservation method depends on the desired properties of the product to be stored, the
availability of energy sources (wood, gasoline, oil, electricity, sun), the storage facilities, possible
packaging materials and the costs involved for the method. It is also important to conform to local access
and customs if the technologies are to be acceptable and applicable at household level. Common meat
preservation methods are described below.
Salting
Salt absorbs much of the water in the food and makes it difficult for micro-organisms to survive. For
salting, it is important that the meat has been prepared in such a way that the salt added can quickly draw
into the flesh and the moisture can leave the meat. Large pieces of flesh must be cut into thin slices to
allow this. During the salting of meat in the tropics, attention must be paid to the following:
•

Use the cleanest salt available.

•

Use enough salt. Large amounts of salt give meat a very salty taste. At the same time many of the
nutrients are lost if too much salt is used.

•

The water which is to be used must not be contaminated; it must be clean and clear (drinking
water quality).

•

The most effective way of preserving meat is to combine salting with drying.

Salting has the following advantages:
•

Inexpensive when salt is cheap;

•

No energy required;
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•

Storage at room temperature;

•

Reasonable quality;

•

Long storage life and;

•

Nutritional value reasonable.

Drying
Meat drying is preservation techniques used to prolong shelf-life of raw meat. It reduces storage and
transportation costs and makes handling stress-free by reducing size, weight, and risk of microbial
contamination of meat and meat products. Micro-organisms cannot grow unless there is sufficient
moisture available to them and drying meat under conditions of natural temperatures and humidity with
circulation of air and the assistance of sunshine is the oldest method of preservation. The free water in a
food product, i.e. excluding the water bound to proteins, is termed the water activity. Free water is that
part that can be removed as water vapor (and is not the same as the total moisture content). The
minimum moisture content necessary for bacterial growth varies with the type of organism. The lowest
value for normal bacteria is water activity 0.91; for normal yeasts it is 0.88; for normal moulds 0.80; and
for salt-tolerant (halophilic) bacteria it is 0.77. So water activity must be reduced below these levels to
preserve the food. Muscle meat of almost any kind can be dried but it is necessary to use lean meat since
fat becomes rancid during the drying process. Drying involves the removal of moisture from the outer
layers and the migration of moisture from the inside to the outside, so the pieces of food must be thin.
Traditional Meat Drying techniques: Examples from different regions
There are a number of traditional dried products in various regions. Such practices are inexpensive, can
be applied at household level with locally available materials and reasonable nutritional value and product
quality.
Quanta: Ethiopia
Quanta is one of traditional meat drying technique in Ethiopia. The meat is cut into long thin strips. The
thinnest is always better to dry easily without spoilage and commonly salted by dry salt to inhibit bacterial
growth and to protect from insects. The meat strips are suspended in long wood, rope or any other clean
locally available materials in freely circulating air under hygienic conditions and protected from dirt and
dust. Though Scientific reports explaining the exact thickness of the meat strips, duration of time to dry,
storage life and nutritional value of the dried product may not be available, making quanta is a common
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practice in almost every part of Ethiopia with considerable variations between regions. For instance, in
some areas prior to drying the strips are coated with a mixture of spice containing salt (25 percent), hot
pepper/chili (50 percent) and aromatic seasoning substances (25 percent). Smoking is also common if the
meat is suspended at home/kitchen to speed up the drying process and reduce prominent bad smell
particularly in the first 3 days.
Odka: Somalia
Odka is basically a sun-dried meat product made of lean beef and is of major importance to nomads in
Somalia. In the face of perennial incidence of drought in the Horn of Africa, odka has become important
since it is often prepared from drought-stricken livestock. The production of odka is similar to the simple
drying technique except the meat strips cut for drying are bigger and dry salting is usually applied instead
of brine salting. After only four to six hours' sun-drying the large pieces of meat are cut into smaller strips
and cooked in oil. After this heat treatment, drying is continued and finally sauces and spices are added.
For storage, odka is again covered with oil and, when kept in a tightly closed container, it has a shelf-life
of more than 12 months.
Kilishi: Nigeria
Kilishi is a product obtained from sliced lean muscles of beef, goat meat or lamb and is made on a large
scale under the hot and dry weather conditions prevailing from February to May. It is produced by sundrying thin slices of meat. However, recent experience indicates that kilishi can also be produced
industrially using tray-drying in a warm air oven. Connective tissue and adhering fatty material are
trimmed off the meat which is cut with a curved knife into thin slices of about 0.5 cm thickness, 15 cm
length and as much as 6 cm width. Traditionally, the slices of meat are spread on papyrus mats on elevated
platforms or tables in the sun for drying. However, these papyrus mats may lead to hygienic problems,
especially after repeated use. Therefore, easily washable corrosion-free wire nets or plastic nets are
recommended for horizontal drying. The vertical drying method is also recommended in this case. Sundrying of kilishi could also be improved by the use of solar dryers. These devices will increase the rate of
drying of the product and keep insects and dust from the product. In the first stage of drying, which takes
two to six hours, the moisture of the meat slices has to be reduced to about 40 to 50 percent.
Infusion preparation: Infusion slurry can be prepared using groundnut cake paste and soybean flour as
the main component (about 50%), water (30%), garlic (10%), bouillon cubes (5%), salt (2%) and spices such
as pepper, ginger and onion. Groundnut cake collected from oil factory or roasted and milled soybean
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flour put in bowl containing measured water and kneaded. Further composed of other ingredients and
spices.
The slices are then soaked into the prepared infusion for about 30 to 60 minutes so that the dried slices
of meat should absorb the infusion up to almost three times their weight.
After infusion, the wet product is again exposed to the sun to dry. Drying at this stage is much faster than
at the first stage. When the moisture content of the slices has been reduced to 20 to 30 percent, a process
which takes two to three hours depending on weather conditions and the dimensions of the product, the
slices are finally roasted over a glowing fire for about five minutes. The roasting process helps to enhance
desirable flavor development and to inactivate contaminating micro-organisms. Roasted kilishi is
therefore superior in flavor to the unroasted version. After roasting, the final moisture content ranges
between 10 to 12 percent. It will decrease during storage at room temperature to as low a level as 7
percent. When packaged in hermetically sealed, low density plastic bags the product remains remarkably
stable at room temperature for a period of about one year .
Biltong: Southern African countries
Biltong is a well-known salted, dried meat prepared from beef or antilope meat. Most muscles in the
carcass may be used but the largest are the most suitable. The finest biltong with the best flavour is made
from the sirloin strip and the most tender is derived from the fillet.
Instructions
1) The meat is cut into long strips (1 to 2 cm thick) and dry-salted. Common salt, preferably coarse
salt (1 to 2 kg for 50 kg of meat), or salt and pepper are the principal ingredients used, although
other ingredients such as sugar, coriander, aniseed, garlic or other spices are included in some
mixtures to improve flavour.
2) The salt/spice mixture is rubbed into the meat by hand and the salted strips are then transferred
to a suitable container. It is recommended that a little vinegar be sprinkled on each firmly packed
layer in the container.
3) Then dipped into a mixture of hot water and vinegar (approx. 10:1). The biltong is now ready for
sun-drying for one day.
4) The strips are moved into the shade for the rest of the drying period.
56

5) The biltong is ready when the inside is soft, moist and red in color, with a hard brown outer layer.
The usual shelf-life is several months without refrigeration and packaging, but in airtight packages the
product stores well for more than one year. Biltong is not heated during processing or before
consumption. It is eaten raw and considered a delicacy.
Pastirma: Turkey, Egypt, Armenia
Pastırma is a highly seasoned, air-dried cured beef. Though beef is the most common meat today, various
meats are also used, including camel, pork, lamb, goat, and water buffalo, with camel being the most
prized.
Instructions
1) The meat (usually taken from the hindquarters) is cut into 50 to 60 cm long strips with a diameter
of not more than 5 cm.
2) The strips are rubbed and covered with salt. Several incisions are made in the meat to facilitate
salt penetration.
3) Some salt is sprinkled in a container and placed meat slices on top of one another, separating
them with salt. A wooden board is placed on top of them and put another weight on top to press
well and kept for one day at room temperature.
4) They are turned over, salted again, and stored in piles for another day.
5) Thereafter the meat strips are washed and air-dried for two to three days in summer and for 15
to 20 days in winter.
6) After drying, the strips are arranged in a container again and pressed with heavy weights for 12
hours.
7) After another drying period of two to three days the meat pieces are again pressed for 12 hours.
8) Finally the meat is again air-dried for 5 to 10 days.
9) After the salting and drying process, the entire surface of the meat is covered with a layer (3 to 5
mm thick) of a paste called cemen, which consists of 35 percent freshly ground garlic, 20 percent
fenugreek, 6 percent hot red paprika, 2 percent mustard, and 37 percent water.
10) The meat strips covered with cemen are stored in a container for one day, and thereafter are
dried for 5 to 12 days in a room with good air ventilation, after which the pastirma is ready for
sale.
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Thus, the production of pastirma requires several weeks. However, not much energy is required since
most of the salting and drying is done at room temperature. The final product has an average water
activity of 0.88 and the salt content should range between 4.5 and 6.0 percent. The product is mould-free
for months at ambient temperature even in summer. Pastirma thus has a better microbiological stability
than biltong.
Smoking
Meat has been treated with smoke from the earliest days - traditionally over a wood fire and more
recently by producing smoke from wood sawdust and conducting the smoke over the meat. The
preserving effect of the smoke is a result of drying (withdrawal of moisture) of the product during the
smoking. The smoke particles, absorbed by the flesh, also have a preserving effect which, however, is less
than the drying effect. The smoke particles, after being absorbed by the product, inhibit bacterial growth
on the surface of the product. The heat of the fire dries the meat during the smoking process and if the
temperature gets high enough, the flesh is cooked. This means that bacterial spoilage due to enzyme
activity is prevented. Drying and cooking of the flesh when being smoked play an important role in the
preservation. If a product is well dried during smoking then it can be stored for a long time.
Methods of smoking:
Cold smoke method: the temperature during the smoking is at most 30 °C (86 F) which means the product
does not get cooked. Cold smoking gives a product which is not cooked. It is therefore susceptible to
spoilage and must be kept cool. The storage life of a cold smoked product is not greater than that of fresh
meat. Furthermore, it is difficult to control the process in high ambient temperatures; the temperature
may not rise above 30 °C (86 °F). The process demands strict hygiene and the danger of spoilage occurring
during the smoking process itself is present.
Hot smoke method: during this process the product does get cooked but not dried (temperature varies
between 65 and ±100 °C [149-212 °F]). In hot smoking the meat is heated without being dried, extends
the storage life of raw products by at most two days.
Smoke drying: during this process, the product is first hot smoked, so that it gets cooked, and then, with
continued smoking the product is dried (temperatures vary between 45-85 °C [113 - 85 °F]). Most
traditional smoked products in the tropics belong to this category. They are hot smoked and subsequently
dried under continued smoking (smoke drying). The process takes about 12-18 hours or even days,
depending on the product. Sometimes the product is salted and/or pre-dried before being smoke dried.
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Meat must be cut into strips 5 cm wide and 1 cm thick before being smoked. An important fact is that the
greater the surface area of the meat, the greater the amount of smoke particles which can be absorbed
during smoking and the better the product can dry. It is advisable to dry salting or brine the product in a
saturated salt solution before smoking. This extends the storage qualities of the final product. Remove
excess salt after salting by rinsing the raw material in clean (drinking) water, since salt can form a hard,
impenetrable crust during smoking. Insufficiently dried meat cannot be stored long. Meat is attached to
sticks using string or hooks. Products which are hung up may not touch each other during smoking. The
smoke would then not be able to reach everywhere and the product would not dry uniformly.
Cooling and freezing
Another preservation method is to cool or freeze the products. Because of the low temperatures, all (bio)
chemical, physical and micro-biological processes are slowed down so decaying does not occur. To
increase the storage life of the product, it is important to lower the temperature very quickly so as to
preserve its quality. If the freezing goes too slowly, large ice crystals are formed which affect the structure
of the product. Products remain fresh in the refrigerator (2-4 °C / 35.5-41 0F) for 4-7 days; they can be
stored much longer in the deep-freezer (–20 °C / –4 0F). Low temperatures must be maintained accurately
and continuously. Generally there are two possibilities for storing fresh meat at low temperatures:
•

Cooling at -1° to +4 °C / 30 to 39 °F, which inhibits the growth of micro-organisms.

•

Freezing at -18° to -30 °C / -0.5 to -22 °F, which completely stops bacteria from growing.

The big challenge in these preservation methods is very expensive and advanced equipment is needed for
the cooling and freezing of fresh meat. Furthermore, these methods require a lot of energy and a large
investment. The supply of meat must be large to cover these costs and there must also be a good market
for cooled or frozen meat.
Further Reading
Animal Handling Guideline. Ministry of Agriculture and Rural Development, November, 2008 Addis
Ababa, Ethiopia.
Best hygiene practices in meat inspection and prevention of food borne diseases and zoonoses. Public
health training of trainers manual. University of Nairobi, Kenya, 2012.
Code of hygienic practice for fresh meat. Ethiopian standard, ES 1115:2005, First edition, 2005-03-12.
Dried meat techniques: Examples from different regions. FAO TECA. http://teca.fao.org.
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Guidelines for the safe retailing of meat and meat products. ISBN: 9781741919547, Meat & Livestock
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Meat Consumption Culture in Ethiopia. By Seleshe, Jo and Lee. Korean J. Food Sci. An., Vol. 34, No. 1, pp.
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Meat drying technology and drying characteristics of meat and meat products. International Journal of
Applied And Pure Science and Agriculture, Akhtar and Pandey, 2015.
Meat processing technology for small to medium scale producers. By Heinz and Hautzinger. FAO regional
office for Asia and the Pacific, Bangkok, 2007.
Preservation of fish and Meat. Agrodok-series No. 12. ISBN Agromisa: 90-72746-01-9. Agromisa
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Training manual for hygienic and sanitary slaughter of small ruminants. By Murray-Peters, for
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5. FISH
5.1 What causes post-harvest fish loss?
Generally speaking, postharvest fish loss refers to fish that is either discarded or sold at a relatively low
price because of quality deterioration or owing to market dynamics. This means that fish operators
(fishers, processors, traders, and other stakeholders involved in ancillary operations) lose potential
income. It also means that less fish is available to consumers, or that consumers are supplied with lowquality fish and fish products. There are also important negative implications for food security.
Post-harvest fish losses are often caused by biochemical and microbiological spoilage changes that occur
in fish after death. A live fish has natural defense mechanisms that help to prevent spoilage. However,
once a fish dies, its defense mechanisms stop and enzymatic, oxidative and microbiological spoilage begins
to cause quality deterioration.
Several factors tend to influence the rate of spoilage of fresh fish:
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•

Time between death and final use or consumption: Even if fish are chilled using ice, they will
gradually spoil over time; processed fish quality also deteriorates over time

•

Temperature abuse: High ambient temperatures, such as 20 °C, create favorable conditions for
fish spoilage. Low temperatures, such as 5 °C and below, slow the action of bacteria and the rate
of spoilage, helping to reduce losses

•

Handling practices: Poor handling practices lead to sustained and increased microbial
contamination, hastening the spoilage rate of fish. Such practices include: using dirty canoes,
equipment, fish boxes and baskets; not washing fish; washing fish in dirty water; placing fish on
dirty surfaces; and physically damaging fish by throwing or standing on them

•

Discarding of bycatch at sea because fish is too small or not valuable enough to land for sale;

•

Poor processing techniques damaging fish;

•

Animal predation and insect infestation;

•

Inadequate packaging and storage practices leading to damage of the end product;

•

Market dynamics, especially fluctuations in demand and supply of fish and fish products, affect
price and therefore income

Main types of losses
There are three types of loss:
•

Physical loss;

•

Quality loss;

•

Market force loss

Physical loss
Physical fish loss refers to fish that, after capture or landing, is not used. It is either thrown away
accidentally, voluntary or as authorized. Physical loss can be caused by theft, by insects eating the fish, or
by bird or animal predation.
Examples


Fish have spent many hours caught in the fishing gear. The fish have been dead in the water and
have begun to spoil. By the time the fishing gear is hauled into the canoe, the fish have become
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too spoiled to fetch a good price and market and are not worth landing, and, therefore, they are
thrown away at sea.


In many tropical countries, small-sized fish such as sardine and anchovy are sun dried in the open
air before being packed and distributed. When catches are high, e.g. during the rainy season, the
fish cannot be dried properly and spoil. Severe spoilage means that the fish are often thrown
away.



Fishing for high-value species is often associated with high levels of bycatch. In some fisheries,
most bycatch is discarded at sea as it consists of low-value, small fish that are not worth landing.

Quality loss
Quality loss refers to fish that has undergone changes owing to spoilage or physical damage and has
suffered quality deterioration. Such fish is sold for a lower price than that which would have been achieved
if the fish were of best quality. This is the most common fish post-harvest loss in many areas.
Examples
•

Poor transport as well as inadequate market information result in operators storing their fish and
fish products for long periods. In the process, spoilage occurs and the quality of fish is degraded,
leading to low selling prices.

•

Some fresh-fish traders do not use ice. They buy fresh tilapia early in the morning and struggle to
sell the bulk during the day. The fish is exposed to high ambient temperatures and the price
gradually declines during the course of the day. Any leftover fish at the end of the day has to be
sold at very cheap price to traditional fish processors. Given the situation, most customers wait
until evening, when a fish seller is desperate for buyers as the quality is degrading fast. If ice were
available, the trader could slow the rate of spoilage and maintain quality, keeping the fish in good
condition for a few days and hopefully obtaining more consistently higher prices for the product.

•

In some communities, consumers think that fish that has been iced is not good quality and they
are suspicious of such fish. Such customers prefer to buy fish that has been exposed to ambient
temperatures.

•

The first-in, first-out rule is not always applied in many small-scale fish markets where the most
recently arrived fish is the first to be sold and fish already in storage is left and can suffer quality
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deterioration, which will affect its eventual selling price. In such situations, good business
practices and good storage practices can help to ensure good-quality fish.
Market forces loss
Market force loss is a loss caused by unexpected market demand and supply situations. These cause
operators to sell their product at a price below expectations. The loss is the difference between the
expected price and the actual price.
Examples


Increased supply during the peak season may flood the market with the fish, and the price can
then fall regardless of its quality



Inadequate market information and barriers can prevent the producer from gaining access to the
right market with the right product at the right time



Storing fish, whether it be fresh, frozen or smoked, will often incur costs, e.g. electricity, and
storage rent. Hence, if not careful, the owner of the fish can end up making a loss if the fish is not
sold quickly

•

Sometimes, marketing malpractices can lead to improper pricing or cheating. This can cause a loss
to operators

•

Some of the rural fish markets operate on established market days only. On such days, more fish
is supplied in the market and price is affected by supply and demand

•

Specific festive periods are celebrated with preference to particular foodstuffs. If these are
vegetables and meat, the demand for fish will drop along with its price

There are many things that can influence markets, demand, supply and fish price. Consequently, it can be
difficult to determine or know the real reasons for a market force loss. Experience from loss assessments
has shown that a market force loss may evolve over time into quality and/or physical losses.
Overview of fish postharvest loss in Ethiopia
A review of case studies on post-harvest losses in several countries in Africa, including Ethiopia, indicated
high levels of losses both in quantity (material or physical losses) and in quality (mostly due to
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downgrading) of fishery products. According to Teklu 15, Ethiopia loses one-third of its annual production
and this was about 10,000 tons of fish per annum among 28,000 tons of production. Factors that are
associated with microbial spoilage are method of catch, type of fish, sanitation, processing and storage
conditions. Microbial spoilage is estimated to cause physical losses amounting to about 10% of fish
catches worldwide, and hence it has impacts on the availability of nutrients from fish products. Literatures
indicated several reasons that contributed to fish postharvest losses in Ethiopia. Among these were
infrastructure-related problems like shortage of refrigerators, transport and power fluctuations. Over
production, over-stuffed of refrigerators (poor storage) and mixing of the new with the old product also
cause losses. In addition, pre-harvest losses due to the long times that the nets were set or early fish death
in the net before hauling of nets causes spoilage of fishes. This usually happens as a result of delay to haul
nets, waves and sudden rises in water level during floods. Some of the causes of fish post-harvest losses
are natural, such as high temperature, distance and geographic problems 16.
Fishing gear Technology in Ethiopia
Gears commonly operated in Ethiopian fisheries include gillnets, beach seines, long-lines, hook-and-line,
and cast nets. Various forms of traps, scoop nets and baskets made of plant materials and wires are also
used, particularly in the rivers of Ethiopia. Gillnets are used almost on all Ethiopian lakes and account for
most of the commercial production. Beach seines are used for commercial catches in the northern Rift
Lakes such as Ziway and Langano and Koka Reservoir. In Lake Abaya both the bottom and surface longlines
are used to catch Bagrusand Nile perch, respectively. The latter is also used in Lake Chamo to catch Nile
perch.
The use of hook-and-line is often restricted for subsistence fishing. Many other traditional gears are also
employed on various lakes and rivers of the country’s drainage basins. For instance, scoop nets in
conjunction with fences are used in Gumara River of Lake Tana. The traditional gears particularly account
for most of the fisheries in Baro-Akobo Basin in Gambella region. Moreover, there are uses of poisons,
extracted from various plant types.

Teklu D. Determinant factors for wasted fish during harvesting at Amerti and Fichawa Reservoirs Oromia/Ethiopia.
J Fisheries sciences.com.2015;9(4):012–5

15

Tesfaye and Teferi. 2017. Assessment of fish post‑harvest losses in Tekeze dam and Lake Hashenge fishery
associations: northern Ethiopia. Agric & Food Secur (2017) 6:4.

16
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Kinds of nets to harvest farmed fish
There are different kinds of nets with which fish can be harvested from the pond. The method used for
continuous selective culling is to hang a net in a pond whereby the fish will attempt to swim through the
meshes of the net. By selecting the proper size of net mesh can be made sure that any fish smaller than
the size wish to harvest will swim through the net whilst the larger fish will get stuck (except in gill nets).
A gill net is often used with this method of harvesting which causes the fish to get stuck behind their gills.
The size of fish caught in this way can be estimated by trying to measure the size of fish which gets just
stuck into this net. All fish smaller and larger will not be caught. In this way it is possible to harvest fish
throughout the year without having to drain water from the pond or disturb the remaining fish in a serious
way.
Some more simple, and therefore cheaper, nets are:
•

A lift net made of seine netting material. It can be of any shape and size and is set on the pond
bottom. When the fish swim over it, it is lifted up, capturing the fish.

•

A scoop net is a small net with a handle that is held in one hand. It is often used when counting
and weighing fish and fingerlings.

•

A cast net is a round net that is thrown into the pond from the shore and pulled back to capture
the fish.

Ways of harvesting farmed fish
Farmed fish can be harvested in several ways. All the fish can be collected at once (complete draining) or
harvesting can be done several times through intermediate fishing without emptying the pond, and then
finally draining it completely. In the latter method, usually the larger fish are taken out and the smaller
fish are left in the pond to grow on. It is, of course, possible to combine these two methods by taking out
large fish as required and finally removing all the remaining fish at one time.
Intermediate fishing
Using the intermediate fishing method, the farmer can harvest fish throughout the farming cycle. This can
be done with a net, a cast net, traps or handlines. Alternatively, harvests can be timed tofollow the growth
of the fish. However, intermediate fishing should never be done too early; it should wait until the fish
have reached a sufficient size for consumption. The size of fish to be harvested varies depending on the
location. Sometimes, fish are consumed when they are smaller than 10 cm. For each harvest, only a small
amount of fish should be removed, especially if intermediate fishing will be done several times. Each time,
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the farmer should note the weight of the fish that are caught in the pond, in order to add them to
production totals when the pond is finally drained completely. If intermediate fishing is done in a
moderated way, total production will be higher than for ponds that are drained once at the end of the
cycle. Fishing gear can be used to collect the fish.
Complete draining
When all fish in the pond are to be harvested at the same time the water level should be lowered slowly
to ensure that all fish are caught. Make sure that you harvest the fish in good condition by avoiding any
damage of their skin and a quick harvest so the fish stay fresh. Draining is always done early in the
morning, so that work can be completed during the coolest hours of the day, and the fish, especially the
fingerlings, will suffer less. Material and necessary tools (shovel, basins, baskets, etc.) should be gathered
the evening before. Fish that are not consumed or sold can be stored in cages. Fish can be sold either at
the edge of the pond, in which case the neighbors should be informed, or at the village market, in which
case a fast means of transport will be necessary. After harvesting, the pond is dried until the pond bottom
cracks and limed (reducing pond bottom acidity) thereby killing unwanted animals and plants on the pond
bottom.
Preparing and cleaning fresh fish
As fish spoils very quickly, measures must already be taken on board the fishing boat to limit spoilage.
First of all, the fish must immediately be kept out of the salt water so that the fish does not get
contaminated by bacteria in the salt water. Apart from preventing contamination, one should also prevent
outgrowth of bacteria which are already present. The best way is to remove the intestines and gills of the
fish on board the fishing boat. After that the fish must be washed with clean water to rinse off any blood
or other remains. It is recommended to transport the fish on ice to shore. However, cleaning and
transporting the fish on ice is often difficult and expensive to realize. All that can be done then is to
transport the fish as quickly and carefully as possible to the shore. To prevent the bacteria in the
intestines, liver, gills and on the skin of the fish from increasing, the fish must be kept in a clean boat and
in the shade.
To clean fish, first of all one needs good and clean tools. Personal hygiene is also important. It is important
that the fish is not cleaned on the ground but on a clean table or bench. The table should be at working
height and can be made of wood, metal or concrete. The surface of the table must be smooth and easy
to clean. It is also handy to clean the fish on a cutting board so that the table is not damaged. Knives are
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the most important tools for cleaning fish. Short knives are used for small kinds of fish, long flexible knives
to fillet larger kinds of fish and a thick, strong knife to cut open large fish. The knives must be sharp.
To salt, dry and smoke fish, it is important that the surface area of the fish be increased. Then the salt and
smoke particles can penetrate easily into the fish and moisture can work its way out. The method used to
clean fish depends primarily on the size and kind of fish. The way in which the fish are cleaned depends
not only on the size of the fish but also on the wishes of the consumer. Some consumers, for example,
want the fish with its head intact while others especially want it cut off.
Gutting and scaling (Figure 1)
1) Place the fish on a clean board and hold it by its head. Scrape the scales off starting at the tail and
working towards the head. Try not to damage the skin of the fish while doing so.
2) Wash the fish in clean (drinking) water and remove all loose scales
3) Lay the fish on its side on a clean board and cut into the fish along its gills with a sharp knife. Do
the same on the other side but do not cut the head off
4) Cut the gills free by cutting the ends free from the head and body with the point of the knife
5) Slit the abdominal wall open from the anal opening towards the head of the fish. Cut deep enough
but try not to damage the intestines of the fish
6) When the fish has been opened up, the gills and intestines can be removed by placing one's fingers
under the gills and pulling everything out
7) Scrape any remaining blood out with the knife
8) Clean the abdominal wall with clean (drinking) water
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Figure 1.

Gutting and scaling of fish
(Source: Agrodok series no.12)

5.2 Fish preservation
What does preservation mean in fisheries?
Preservation is the process of keeping foods for longer duration without spoilage and with fair sensory
acceptability. Preserved fish can be eaten long after the fresh fish would normally have spoiled. Fish is
one of the most perishable foods, particularly in tropical climates of less developed nations. If proper care
is not taken immediately after capture, it can be spoiled in a few hours. Even using traditional methods
fish can be still subjected to various forms of spoilages. Consumption of fresh foods is always preferable
as preservation usually decreases the nutritional value. In other words, preserved foods are not as healthy
as fresh foods. Preservation must be seen as a way of storing excess foods that are abundantly available
at certain times of the year, so that they can be consumed in times when food is scarce.
How long can fish be kept?
Fresh fish will spoil very quickly. Once the fish has been caught, spoilage progresses rapidly. In the high
ambient temperatures of the tropics, fish will spoil within 12 hours. Using good fishing techniques (to
ensure the fish is barely damaged) and cooling the fish, with the help on ice on board, can increase the
storage life of fresh fish.
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When has fish gone bad?
Spoilage is the deterioration of food which makes it taste and smell bad (e.g. when it is sour, rotten or
mouldy) and/or makes it a carrier of disease germs.
Properties of spoiled fish compared to fresh fish are:
•

strong odor

•

dark-red gills with slime on them instead of bright red ones

•

soft flesh with brown traces of blood instead of firm flesh with red blood

•

red, milky pupils without slime instead of clear ones

Spoilage and fish poisoning
Bacteria can only cause rotting if, after contamination of the fish, the bacteria are also able to grow in the
fish. The following factors influence the growth of bacteria and the speed with which rotting takes place.
Damage: The skin of fish, for example, is a protection against bacterial growth in the flesh. By damaging
the skin, which functions as a barrier, nutrients are released. Bacteria can enter the flesh and start to
grow.
Water content: Fish consists of on average 70% water; in fatty fish this percentage is about 65% and in
lean fish about 80%. With such high levels of internal moisture, bacteria can grow rapidly. A film of
condensation is formed on cold meat lying in warm surroundings, which is a good medium for bacteria
and moulds.
Oxygen content: Strictly aerobic micro-organisms need oxygen for their growth, while strictly anaerobic
micro-organisms can only grow in the absence of oxygen. Minced meat, for example, spoils very quickly
because a lot of air has been mixed into it.
Acidity: The acidity of a product is indicated by its pH. Fish has a neutral pH, i.e. 7. Bacteria only grow
between a minimum pH of 4.5 and a maximum of 8-9 with an optimum of 6.5-7.5. As a result, fish is very
susceptible to spoilage. When fermenting fish, the pH is deliberately kept low so that only the desired
microorganisms affect the product and not those bacteria which cause spoilage.
Specific chemical composition: Bacteria need sources of energy and nitrogen. Minerals and vitamins are
also important for growth. In meat, the first source of energy used by bacteria is sugar, then lactate, free
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amino acids and only then protein. Sources of nitrogen are nitrate, ammonia, peptides, amino acids or
products of decomposition.
Temperature: The ideal temperature for the growth of micro-organisms is between 7 °C and 55 °C (45131 0F). The range within which bacteria grow is between –10 °C and 70 °C (14-158 0F), but the range
within which they will survive is much greater. With freezing, micro-organisms are inactivated, and with
long-term heating all micro-organisms will eventually die. At temperatures above 80 °C (176 0F) they
usually die.
Fish preservation methods
The choice of a preservation method depends on the desired properties of the product to be stored, the
availability of energy sources (wood, gasoline, oil, electricity, sun), the storage facilities, possible
packaging materials and the costs involved for the method. It is sometimes necessary to combine
methods, such as salting and drying or adding acid and then sterilizing. It is also desirable to conform to
local customs if the products are to be acceptable to the local population. Common fish preservation
methods are described below.
Salting fish
Salt absorbs much of the water in the food and makes it difficult for micro-organisms to survive. During
the salting of fish in the tropics, attention must be paid to the following:
•

Use the cleanest salt available

•

Use enough salt. Large amounts of salt give meat a very salty taste. At the same time many of the
nutrients are lost if too much salt is used

•

The water which is to be used must not be contaminated; it must be clean and clear (drinking
water quality)

•

The most effective way of preserving meat is to combine salting with drying

Methods of salting fish
There are three ways of salting fish: dry salting (kench salting), wet salting (pickle curing) and brining. The
first two methods result in fish with a relatively high salt content, the third method is usually used if one
wants fish with a relatively low salt content.
Dry salting fish: kench salting
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Coarse salt is more suitable for dry (kench) salting. Fine salt will draw water too quickly from the outside
of the fish, making the outside hard. As a result the water inside the fish cannot escape and the salt cannot
penetrate deep into the fish. Therefore the fish spoils despite being salted. Coarse salt does not have this
effect. Kench salting is very suitable for mainly lean kinds of fish.
We will need:
•

Split fish or fish fillets. If the flesh is thick, make cuts in it so the salt can penetrate well. To do so,
place the fish on a clean board and make a cut in the fish from the gill arch to the tail so that a
strip of fish-flesh is left. Turn the fish over and open it up. The strip of flesh must remain attached
at the back. Place the fish with its head to the right and the abdominal side facing you. Finally split
the head open and cut towards the tail so that a second strip of flesh is formed

•

Salt. Use 3-3.5 kg of salt for 10 kg of cleaned fish. Use more salt where deep cuts have been made
or where the flesh is thicker

•

Baskets or other perforated containers from which moisture can drain

Procedure:
1) Split fish or fish fillets
2) Rub the fish well with salt, especially in the deep cuts
3) Put a thick layer of salt in the bottom of the basket or container
4) Place one layer of fish with its outer layer facing up on the salt. The fish are not allowed to overlap
5) Follow with one layer of salt, one layer of fish, etc. until the basket is full
6) Cover the basket with a layer of plastic but do not put any weights on it
Wet salting fish: Pickle curing
Wet salting is a good way to preserve fatty fish such as herring, sardines, anchovies and mackerel. With
this method the fish is better protected against vermin and a more uniform salt distribution is achieved.
We will need:
•

A clean watertight barrel with a lid of a smaller diameter than the barrel itself. It must not be
made of iron, zinc or aluminum because of corrosion. Plastic, wood, clay or stainless steel is
acceptable
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•

Large stones washed clean to be used as weights

•

Salt. Use one kg of salt for three kg of fish, which is equal to 30-35 kg of salt for 100 kg of fish

•

A bucket or large pan in which to make brine

•

Fish. With small fish (<10 cm): leave the fish whole

•

With large fish (>10 cm): remove the intestines

Procedure (Figure 2):
1) Put a thick layer of salt on the bottom of the barrel.
2) Put one layer of fish on the salt with the skin facing up.
3) Cover the fish with a layer of salt and make sure that no parts are left uncovered. Use more salt
at deep cuts or thicker flesh.
4) Alternate one layer of salt, one layer of fish, etc. Make sure the fish do not overlap. Finish with a
layer of fish with the skin facing up.
5) Cover the final layer of fish with a thick layer of salt.
6) Cover the barrel with the lid and distribute the weights evenly on top of it. By adding salt to fish,
moisture is drawn out of the fish. This moisture, with the salt dissolved in it, is called brine.
Because more and more water is drawn out of the fish, the brine in this wet method becomes
diluted. The brine must be topped up with salt to keep it saturated. This can be done by hanging
a jute bag filled with fine salt in the brine.
7) Keep the brine saturated. This can be done by hanging a jute bag filled with fine salt in the brine.
Using unsaturated brine will lead to spoilage.
8) If, after several hours, the level of the created brine does not reach the lid, a saturated salt
solution must be added.
9) The salt solution is made of at least 360 grams of salt dissolved in each litre of water. Heat the
solution in a pan and let it boil for 10 minutes. Let the brine cool down until it is warm to the
touch. Then add the brine to the barrel with fish until it reaches the lid.
10) Keep the barrel in as cool a place as possible.
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Figure 2.

Pickle curing
(Source: Agrodok series no.12)

Brining
With this method, fish is soaked in a solution of water and salt (brine). Brining is not used as such as a
preservation method but as preparation for smoking or drying. The use of a light salt solution ensures a
decrease in bacterial growth on the surface of the fish during the smoking or drying process. It also
protects the fish against insects and other vermin; however the protection provided is not complete.
We will need:
•

A clean watertight barrel with a lid of a smaller diameter than the barrel itself. It must not be
made of iron, zinc or aluminum. Plastic, wood, clay or stainless steel is acceptable

•

Salt. To make brine, very fine salt is best. Use 3-3.5 kg of salt in 10 liters of water

•

A bucket or large pan in which to make brine

•

Cleaned, washed large stones to be used as weights

•

Chicken wire or a bamboo rack

•

Small fish: leave the fish whole but remove the intestines

•

Large fish: clean large fish and divide them in two. If the fish is larger than 30 cm, cut it into pieces.
Make cuts in large, fatty fish

Procedure:
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1) Wash the fish with clear, clean water (preferably of drinking water quality)
2) Soak the fish for 30 minutes to 1 hour (1.5 hours for large fish) in not too strong brine. Make this
brine by dissolving 300 grams of salt in every four litres of water. By submerging the fish in this
brine, the blood and slime are removed
3) Next, wash small fish with clear, clean water
4) Do not wash large fish but let them drain briefly on a bamboo rack, keeping the fish from
overlapping
5) Next, place the fish in a saturated brine solution: 3.0-3.5 kg of salt in 10 litres of water
6) Mix the brine well before the fish are put in it; all of the salt must be dissolved. If the fish sink, add
more salt
7) Cover the container with a clean board or mat and put clean washed stones on top of that until
the fish are covered by the brine
8) Leave the fish for 5-6 hours in this brine. Leave larger fish longer in the brine than smaller fish
9) Take the fish out of the brine
10) Put the fish on the chicken wire or bamboo rack to drain, taking care not to let the fish overlap
11) Cover the fish with a clean white cloth or mosquito netting. Do not let the netting touch the fish.
The fish is now ready to be dried or smoked
Preparing salted fish for consumption
Before salted fish can be used it must first be soaked in clean, cold water for 48 hours. When the weather
is very warm the fish must not be left any longer. The water must be replaced several times by clean, fresh
water. Fish can also be broken up into pieces before being soaked. If the fish is very salty it can also be
slowly heated in water (until just before boiling) for about 1 hour. However, the preserved fish, salted,
dried and/or smoked, must eventually always be heated to 100 °C (212 F) before being eaten.
Drying
Micro-organisms cannot grow unless there is sufficient moisture available to them and drying meat under
conditions of natural temperatures and humidity with circulation of air and the assistance of sunshine is
the oldest method of preservation. The free water in a food product, i.e. excluding the water bound to
proteins, is termed the water activity. Free water is that part that can be removed as water vapor (and is
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not the same as the total moisture content). The minimum moisture content necessary for bacterial
growth varies with the type of organism. The lowest value for normal bacteria is water activity 0.91; for
normal yeasts it is 0.88; for normal moulds 0.80; and for salt-tolerant (halophilic) bacteria it is 0.77. So
water activity must be reduced below these levels to preserve the food.
Preparation of fish for drying
Salting is part of the preparation for drying, and depends among other things on the availability of salt
and on local customs. After salting, the excess water formed must be removed from the fish. Put the fish
on a clean, level surface and, using sheets of e.g. wood with weights on them, press the fish as flat as
possible. Subsequently the fish is hung up before drying to speed up the drying process.
How long fish must dry and use the dried fish?
How long fish must dry depends on the type of fish, its size and the weather. The final moisture content
must be less than 25% to prevent microbial spoilage. Weighing the fish before and after the drying process
can tell you whether the fish is dry enough. If during the drying process the weight of the fish does not
decrease further, it is sufficiently dry. In general, naturally dried fish needs about 3-10 days to dry. After
drying, the dried fish is difficult to bend. Some of the dried fish products are very crumbly and breakable
and must be handled with care after being dried. In dry climates it is possible to store dried fish in sealable,
sturdy boxes or wooden crates in which ventilation holes have been made. The holes must be covered
with mosquito netting to keep out insects and vermin.
In humid conditions dried fish can take up moisture from the air and must be packed airtight. An additional
advantage of airtight packaging is a delay in the onset of rancidity in fatty fish. Strong plastic bags can be
used which are then closed properly. These provide protection against insects and moisture. However,
the bags should not be placed in the direct sun or in warm places. The product can then start sweating;
there is, after all, some moisture left. This moisture can cause mould to grow on the fish. When such
moisture is seen, the fish should be re-dried in the sun for several hours and re-packed. Store the packed,
dried fish in a cool, dry, well-ventilated and dark place.
Before unsalted or salted dried fish can be eaten, it must first be soaked in clean, cold water for 48 hours.
In very warm weather, the fish should not be left standing longer than that. The water must be replaced
several times by clean, fresh water. Fish can also be broken into smaller pieces before being soaked. If the
fish is very salty, it can be slowly heated in water (until just before boiling) for about 1 hour. However,
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preserved fish, whether salted, dried and/or smoked, must eventually always be heated to 100 °C (212
0F) before being eaten.

Smoking
The preserving effect of the smoke is a result of drying (withdrawal of moisture) of the product during the
smoking. The smoke particles, absorbed by the flesh, also have a preserving effect which, however, is less
than the drying effect. The smoke particles, after being absorbed by the product, inhibit bacterial growth
on the surface of the product. The heat of the fire dries the fish during the smoking process and if the
temperature gets high enough, the flesh is cooked. This means that bacterial spoilage due to enzyme
activity is prevented. Drying and cooking of the flesh when being smoked play an important role in the
preservation. If a product is well dried during smoking then it can be stored for a long time.
Methods of smoking:
Cold smoke method: the temperature during the smoking is at most 30 °C (86 F) which means the product
does not get cooked. Cold smoking gives a product which is not cooked. It is therefore susceptible to
spoilage and must be kept cool. The storage life of a cold smoked product is not greater than that of fresh
fish. Furthermore, it is difficult to control the process in high ambient temperatures; the temperature may
not rise above 30 °C (86 °F). The process demands strict hygiene and the danger of spoilage occurring
during the smoking process itself is present.
Hot smoke method: during this process the product does get cooked but not dried (temperature varies
between 65 and ±100 °C [149-212 °F]). In hot smoking the fish is heated without being dried, extends the
storage life of raw products by at most two days.
Smoke drying: during this process, the product is first hot smoked, so that it gets cooked, and then, with
continued smoking the product is dried (temperatures vary between 45-85 °C [113 - 85 °F]). Most
traditional smoked products in the tropics belong to this category. They are hot smoked and subsequently
dried under continued smoking (smoke drying). The process takes about 12-18 hours or even days,
depending on the product. Sometimes the product is salted and/or pre-dried before being smoke dried.
It is advisable to kench salt or brine the product in a saturated salt solution before smoking. This extends
the storage qualities of the final product. Remove excess salt after salting by rinsing the raw material in
clean (drinking) water, since salt can form a hard, impenetrable crust during smoking. Products which are
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hung up may not touch each other during smoking. The smoke would then not be able to reach
everywhere and the product would not dry uniformly.
Cooling and freezing fish
Whole fish, with the intestines and gills removed, and fish fillets are often cooled (at 0°C / 32°0F) by
putting ice on them. Alternating layers of fish and ice are put in a box. Be sure to use at least as much ice
as fish. One should always end with a layer of ice. When the ice has melted, new ice must be added to
keep the fish at 0 °C (32 °F). Especially with fatty fish it is important to cool quickly so that oxidation of the
fat is slowed down. Fish can also be stored in cooling cells. The temperature there is just above freezing
point, so ice lying on the fish melts and the fish stay fresh. This way fish will not freeze. The boxes in which
the product are kept must not be kept on the ground, against a wall or against each other, but in clusters
on pallets and slightly away from walls so that air can circulate freely.
If one wishes to store fish for more than 2 or 3 weeks, it must be frozen. For the freezing of fish in freezing
cells, a temperature of -30°C / -22°F is recommended. If good quality fish is frozen at -30 °C / -22°F quickly
after being caught, then it can be stored for a very long time. The storage life which one achieves depends
on the quality of the fish and the storage conditions (e.g. how constant the temperature is).
Fermentation
Fermentation is a low energy and biological acidulation preservation method which results in unique and
distinctive properties. During the fermentation of fish, protein is broken down in the presence of a high
salt concentration. The fish protein is mainly broken down by enzymes which come from the fish itself.
These enzymes are mainly present in the gut. In the traditional fermentation methods in which the
intestines are removed from the fish, fermentation will often be slower as there are fewer enzymes
present in the flesh.
Traditional fermented fish products
Fermented fish products are not common in Ethiopia and eaten mainly in South-East Asia. Protein
consumption is relatively low in those countries and the most important sources of protein are fish and
fish products. Fermented fish products are an important protein supplement. They contain a number of
essential amino acids which can form an important addition to the daily diet.
There are three kinds of traditional fermented fish products:
•

the fish flesh is converted into a liquid fish sauce;
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•

the fish is converted into a paste;

•

the fish, whole or in pieces, retains as much as possible of its own structure;

5.3 HYGIENE
Hygiene refers to all efforts applied along the entire production, processing, and distribution chain. Foods
of animal origin including fish and fish products have high nutrient content and provide the ideal growth
media for pathogenic microorganism so they present high risks of microorganisms or food borne disease
or intoxication if not correctly handled or prepared. Thus good hygienic practices must be applied across
the food chain from primary production to consumption in order to ensure consumer protection.
The general safety recommendation in handling fish can include:
•

Ensure good personal hygiene. Wash hands thoroughly with hot water and soap after using the
toilet, handling cuts, cleaning infections and doing dirty work, and before touching fish.

•

Change towels and wash clothes regularly.

•

Keep fish on smooth surfaces which can be and are washed well (e.g. stainless steel kitchen block,
tiles, stone).

•

Keep the places where meat is stored clean by regularly washing.

•

Wash all tools used for fish regularly.

•

Cover all foods well.

•

Try to keep all pests away from the places where foods are kept.

•

Never store leftovers at room temperature.

•

Ensure proper hygiene when fish is processed.

•

Use clean water. If necessary, boil the water before use.
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SECTION 2 – FRUITS, VEGETABLES
AND STAPLE CROPS
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6. POST-HARVEST LOSSES OF FRUITS, VEGETABLES AND STAPLE CROPS
Background
Globally, around one-third of all food produced is lost or wasted along the food chain, from production
to consumption. In Sub-Saran Africa, food loss and waste is as high as 36 percent; 5.9 percent occurs in
the retail and consumption stages, while more than 30 percent occurs in the harvest, postharvest
handling and processing stages. The situation will be much more in Ethiopia since about 90 percent of
the food is produced by smallholder farmers who follow traditional production practices, and since
harvesting, transportation and storage facilities are not well developed. Such huge postharvest loss is
unaffordable in Ethiopia being having millions of citizen food insecure every year.
Postharvest loss is not only food waste, depletion of vitamins and nutrients after harvest, and food
contamination with harmful microorganisms, it is also waste of land, water, energy and other
agricultural inputs. It also causes unnecessary greenhouse gasses emission which causes climate change.
On the other hand, climate change threatens food production in many countries, including Ethiopia.
Therefore, reducing food postharvest loss is important to prevent loss of nutritious foods while also
lessening the impact it has on climate change.
The extent of postharvest loss in fruit and vegetables is much more than grain crops since they have
high moisture content and are delicate. Many reports indicated that 40 to 50 percent of horticultural
crops produced in developing countries is lost before it reaches to consumers. Fruit and vegetable
postharvest loss assessment studies conducted in Ethiopia reported up to 45 percent losses.
The extent of postharvest loss in major cereals and grain legumes is relatively lower than fruits and
vegetables. The quantity of postharvest loss and its economic importance in Ethiopia is given Table 6.1.
Loss occurred during harvesting, drying, milling, threshing & winnowing, transportation, and storage
accounted 8, 13, 20, 26, 18, and 15% of the total postharvest loss, respectively.
Table 6.1: Socio-economic significance of cereal & grain legume postharvest loss in Ethiopia in 2014
Crop

Grain
harvested in
Million (q)

Postharvest
loss (%)

PHL
in
Million
(q)

No. of people
that can feed
in Million

Mize
72
18
13.02
6.51
Wheat
42
14
5.92
2.96
Tef
48
12
5.70
2.85
Sorghum
43
12
5.21
2.60
Barley
20
12
2.35
1.17
Faba bean
8
14
1.17
0.59
Field pea
3
14
0.48
0.24
Haricot
5
14
0.72
0.36
bean
Chick pea
5
14
0.64
0.32
Lentil
1
14
0.19
0.10
Total
248
35.41
Source: MoA postharvest handling training manual, unpublished.

Average
price
(USD/q)
22
30
57
26
22
35
52
30
43
104

Economic
loss
in
Million
USD
283
180
322
136
51
41
25
22
28
20
1,078
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7. HOW AND WHY FRESH PRODUCE POSTHARVEST LOSS OCCURS?
7.1 What are the Causes of Losses?
Background
Fruits, vegetables and staple crops postharvest loss occurs either through mechanical injury,
physiological deterioration, biological factors (insect pests, rodents, birds or diseases), physical factors
(exposure to sun heat and rain), chemical (toxic chemical residue, etc.), or psychological factor (Fig. 7.1).
Postharvest loss occurs at all stages, from harvesting to consumption. Therefore, integrated and
sustained efforts are required to minimize postharvest losses.

Fig.7.1 Causes of postharvest losses
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Fresh produce is living

All
fruit,

vegetables and root crops are still alive after harvest. They contain from 65 to 95 percent
water, depending on the type of produce. For example, watermelons contain about 95 per cent
water, while potatoes and other starchy root crops are from 65
to 70 percent water. They also contain food materials which
enable living processes to
continue essential metabolic
processes such as respiration –
taking in oxygen and releasing
carbon dioxide. After the crop
has
been harvested the continuation of these living processes in the
produce consumes both the water and stored food.
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Water is lost from all produce. When the amount lost is from 3 to 10 percent (depending on the plant
parts involved), the produce begins to wilt or shrivel up and cannot be
restored to its original condition. Leafy vegetables with a high surface
area lose water very quickly, in comparison with more compact produce
such as fruit.
Tomatoes lose most water from the attachment scar and so it is best to
keep the stalks on the tomato to reduce water loss.
Carrots lose moisture rapidly
their tops if these are left on
harvest. Simply trimming the
close to the root (but not cutting the root) greatly reduces
loss and shriveling. At the same time water is being lost the
materials are also being used up. Loss of water and food
materials means a loss in weight of the produce. Eventually
food and water reserves are completely used up and the
produce breaks down and decays.

from
after
tops
water
food
the

AS SOON AS PRODUCE IS HARVESTED THE PROCESSES
LEADING TO BREAKDOWN BEGIN, AND CANNOT THEN BE STOPPED.
THE RATE AT WHICH BREAKDOWN OCCURS CAN, HOWEVER, BE SLOW DOWN AND LOSSES MINIMISED
BY EMPLOYING THE CORRECT HANDLING METHODS AFTER HARVEST.

7.2 What Affects the Rate of Breakdown and Loss?
Background
The conditions to which produce is exposed after harvest govern its rate of deterioration. These are:
•
•
•
•

The temperature of the produce, which is related to the temperature of the environment, and
the heat of respiration of the produce;
The extent of damage inflicted during market operations, including physical and physiological
damage;
The moisture content of the environment – higher air humidity means slower water loss from the
produce;
The effect of infection by decaying organisms (e.g. fungi or bacteria).

7.3 Temperature Effects
Background
HIGHER TEMPERATURE AFTER HARVEST MEANS QUICKER SPOILAGE.
An increase in temperature of the produce increases:
•
•
•

The respiration of the produce and thus accelerates the loss of food reserves necessary for normal
living activity;
The loss of the water essential for continued living activity;
The rate at which any infecting micro-organisms (moulds and other rots) breakdown the produce
tissues and causing decay.
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The post-harvest life of produce is approximately halved for each 10°C rise in its temperature.
How does the produce become hot?
•

•
•
•

Because it generates heat as a result of its own living processes. This heat is normally lost to the
open air, but a pile or package of produce without ventilation will quickly produce a very big rise
in temperature at the centre of the mass.
Exposure to the sun's heat when produce is not kept shaded causes a large temperature rise in
produce at any stage after harvest.
Through exposure to artificial heat sources, often during transport.
As the produce heats up its respiration rate increases and still further heat is accumulated in a
rising spiral of destruction.

How can produce be kept cool?
•
•

•
•
•
•

Harvesting should be carried out during a cool part of the day, and the produce kept cool
thereafter.
Harvested produce should be protected from the sun at all times. In the field, the natural shade
of trees or simple pole and thatch shading structures without walls (to allow for ventilation)
should be used to protect harvested produce. Transport should have a cover to protect produce
from the sun - but ventilation must not be obstructed.
Produce must not be stacked in compact piles or masses. Ventilation must be provided to disperse
heat, taking advantage of prevailing winds where possible.
Use ventilated containers for the produce, making sure that the ventilation holes are not blocked
either by produce or due to an incorrect stacking pattern.
Forced air ventilation or refrigeration can be used to extend post-harvest life of produce but it is
very costly and not recommended for smallholder farmers.
Minimize time between harvest and consumption. It is always better wherever possible to move
produce quickly and carefully from grower to consumer, avoiding much of the risk of produce
spoilage during trading.

Chilling injury
Refrigeration is a potent method of keeping fresh produce cool but under excessive refrigeration fresh
produce will freeze at around -2°C and a return to higher temperatures leads to a breakdown of tissues
and off-flavors and the produce is not usually marketable. Most tropical fruits and certain vegetables can
also be irreversibly damaged by cool temperatures above freezing. This damage, known as 'chilling injury',
is very important to the marketing of many tropical fruits which if held below 14°C for any significant
period will lead to tissue breakdown, blackening and off-flavors. While small households in Ethiopia will
not likely own or use a refrigerator, it is important to know that temperatures regularly drop significantly
at higher altitude and many fruits will incur chilling injury if kept outside the house. The solution is to bring
harvested fruits into the house at night to protect them from chilling injury. See Table 7.1, below, for
details.
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Table 7.1. Lowest safe temperatures and chilling injury symptoms in fruits and melons
Fresh Fruit

Avocado
Banana

Lowest
Safe *
Temperature
°C
13
14

Grapefruit
Lime
Mango
Melon
Orange
Papaya
Pineapple

15
10
13
10
7
7
13

Type of injury caused by holding fruit below the safe
temperature
Blackening of pulp and peel
Dull peel, brown streaking of peel, hardened placenta, offflavour
Scald, surface pitting, water-logging
Pitting
Pulp and peel blackening, uneven ripening, off-flavour
Pitting, decay, failure to ripen
Pitting, surface browning
Pitting, off-flavour, failure to ripen
Irregular ripening, "glassy spoilage, tendency to
Endogenous Brown Spot(EBS)

* Some newer varieties may withstand lower temperatures but the figure given should be the
guide for Ethiopia.

7.4 The Effects of Injuries
Injury to produce after harvest will hasten its spoilage. Injuries take many forms, including cuts,
punctures, scraping of outer surfaces, internal and surface bruising, sunburn, heat damage and cold
damage.
Their effect on harvested produce is to:
•
•
•
•
•

Speed up the rate at which water is lost by as much as five times.
Provide sites for attack by decay agents such as moulds and bacteria.
Increase the rate of heat production at injury sites.
Cause discolouration due to internal damage.
Cause off-flavour to develop.

How are injuries caused?
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Careless harvesting practices, such as knocking fruit to the ground from trees, damaging stem-end areas
when harvesting, cuts from long finger nails or the jewelry of harvesters.
Through rough field handling of produce, such as dropping or
throwing items into field boxes, dropping or throwing packed field
and market containers themselves. (See Figure 2.3)
By using unsuitable containers with rough or sharp edges to
ventilation holes, made from rough and splintered wood, carelessly
made with protruding nails or staples, and containers too large to
be handled easily.

From over-packing containers causing
crushing of contents when they are closed
stacked, or under-packing so that damage is
caused by excessive movement within the
package.

or

By people walking or sitting on produce in containers, or in bulk.
From exposure to the sun after harvest, resulting in sunburn.
From exposure to excessive artificial heat or cold (chilling and freezing damage).
How can injuries be avoided?
The fragile nature of most fruit and vegetables products makes them very susceptible to injury, and the
complete avoidance of such injury is not possible. However, damage may be reduced to a minimum by
giving attention to:
•

Care in harvesting, especially with tree fruit, which are severely damaged if they fall or are thrown
to the ground.

•

Being careful not to harvest wet produce, especially citrus fruit - because it is more easily damaged
in this condition.

•

The selection of suitable field and marketing containers, which should not be too large for careful
handling. They should be strong enough to protect produce but should not cause damage to
produce due to sharp edges, poor manufacture or assembly.

•

The avoidance of over-packing or under-packing containers, which should be filled to an extent
that will exert a slight pressure on the contents when closed. This will prevent movement of
produce within the container.

•

The careful handling of produce at all stages, especially when in containers, which must not be
rolled, dropped or thrown.
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When produce is transported the loads should be stacked in a manner which will prevent either the
movement of individual containers or the collapse of the stack during transport. Riders should not be
permitted on top of the load, especially when it consists of produce in bulk or in sacks. Vehicles should
have a canopy to protect the load from the direct heat of the sun, but it should not restrict ventilation.

7.5 The Effect of Surface Water on Harvested Produce
Background
The effect of the loss of internal water from the produce due to natural causes, excessive heat and injuries
has been explained, but often the presence of free water on the surface of produce will also lead to
problems, such as:
Increase in post-harvest decay
This often occurs where produce is washed before packing. Most moulds and bacteria causing decay
require free water to establish infection, particularly where injuries, even though small, are present on
washed produce and the washing water is stagnant or recirculated. It may also be a problem where
condensation occurs on the surface of produce when it is moved from a cool place to higher ambient
temperatures, or when produce is exposed to rain after harvest.
Increased susceptibility to surface Injury
Produce saturated with water, from rain or other causes may become 'soft' and more easily damaged
than when dry. This damage not only provides opportunity for infection by decay agents but may in itself
leave invisible surface damage, leading to down-grading and lower prices. This is often seen in citrus fruits,
where fruit harvested when wet develop the skin blemish known as "oleocellosis".
It may not always be possible to keep produce dry but field crews should avoid harvesting freshly wet
produce. Do not wash produce after harvest unless it is essential. If it has to be washed, it is usual to apply
an anti-fungal dip immediately afterwards. The produce should then be dried in the shade, preferably on
a mesh or slatted rack - this will help to cool it, especially if it is exposed to a breeze.
DO NOT PUT WET PRODUCE DIRECTLY ON TO BARE SOIL.
DO NOT PILE UP WET PRODUCE IN THE SUN TO DRY.

7.6 Ripening of Fruits and the Ethylene Factor
Background
Fruits undergo a natural process of ripening and although this is an attractive and beneficial aspect as far
as the consumer is concerned, the ripening process adds several complications to the marketing and
distribution process. Many vegetables, such as tomatoes, melons, green peppers and hot peppers, are
also fruits in that they undergo a ripening process as part of their development leading to senescence and
death of the tissues.
The rate and nature of the ripening process differs significantly between species of fruits, cultivars of the
same species, different maturities of the same cultivar (eg.'3/4 full' banana compared with 'full' banana),
and also between production areas. Fruits may also differ in their ripening responses to postharvest
conditions, nevertheless, some general features are recognizable in the ripening behavior of fruits.
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Changes associated with ripening:
•
•
•

changes in texture and a reduction in firmness;
colour changes, usually loss of green colour and an increase in red and yellow colours;
changes in flavour and smell, usually becoming sweeter as starch is converted to sugars, and
with the production of volatile and frequently aromatic compounds.

Climacteric and non-climacteric
Basically there are two distinct patterns of ripening which can be identified and these are termed
climacteric and non-climacteric types.
In non-climacteric fruits the process of maturation and ripening is a continuous but gradual process. In
contrast, the climacteric fruits undergo a rapid ripening phase when triggered by changes in hormonal
composition. The onset of climacteric ripening is thus a well- defined event marked by rapid increase in
the rate of respiration and the natural evolution of ethylene gas by the fruit at a point in its development
known as the respiratory climacteric. Table 7.2 gives listings of common climacteric and non-climacteric
fruits and vegetable fruits.
The importance of the respiratory climacteric is that fruits such bananas may be held at a reasonable
temperature when in the green state, but as they begin to ripen they will rapidly increase their respiration
and generate much more heat. The consequence may be that this heating cannot be controlled and even
more respiration will occur in an inflationary spiral rapidly leading to spoilage of the fruit in a very short
time. Once climacteric fruits start to ripen they need to be kept cool and well-ventilated, otherwise there
is very little that can be done except to market them for immediate consumption.
Table 7.2: Classification of fruit & vegetable crops based on their ripening pattern
Type of Fruit
Temperate Fruit

“Vegetable” Fruit
Tropical Fruit

Climacteric

Apple
Pear
Peach
Apricot
Plum
Melon
Tomato
Watermelon
Avocado
Banana
Mango
Papaya
Fig
Guava
Passion fruit

Non-Climacteric
Cherry
Grape
Strawberry
Cucumber
Orange
Grapefruit
Lemon
Lime
Pineapple

Ethylene is present in all fruit, but normally only in very small amounts, and is recognized as the central
fruit ripening hormone which, in climacteric fruits, can actually initiate ripening when present at
concentrations as low as 0.1 to 10 parts per million (ppm). Non-climacteric fruits also respond to ethylene
application by increasing their respiration rate but the actual ripening process is only triggered by the fruit
itself.
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As well as being involved in ripening and increased respiration in fruits, ethylene also plays an important
role in all plant materials and is produced in response to stress from wounds and injuries. In other words,
ethylene produced by wounding or stressing may also trigger ripening in the damaged fruit as well as the
undamaged fruits around it. Damage occurred on one green fruit in a box and the whole box load may
ripen prematurely. For this reason, good ventilation of fresh produce with fresh air, refrigerated if
necessary, is vital to ensure that ethylene levels do not build up to significant levels during storage and
transport.
Ethylene can also adversely affect certain vegetables. Carrots for example develop bitter flavours, and
parsley and other leafy herbs will rapidly wilt when exposed to ethylene in stores and during retail display.
It is important therefore not to mix ripening fruits with such sensitive vegetables at any stage in the
marketing process or store. Retailers in particular should be careful about displaying fruits next to carrots
and parsley or the vegetables will either spoil rapidly or develop bitterness.

7.7 Pests, Diseases and Spoilage
Pests
Notably insect pests, are a serious problem during production of fresh produce and which must be
controlled by the use of careful cultural practices and controlled through application of insecticides,
provided that no harmful residues remain on the crop at harvest. Infested produce at harvest is relatively
easy to spot and separate from clean produce. The rapid marketing of most fresh produce also means
that there is little opportunity for insect pest infestation provided that reasonable precautions are taken
and that produce infested prior to harvest is rejected and not mixed with clean produce.
Diseases
Postharvest infection of fresh produce by fungi and bacteria may cause physical injury, increased water
loss and increased respiration leading to rapid deterioration and spoilage of the produce. Bacteria multiply
by rapid cell division and enter produce mainly through cut surfaces or natural abscission points. Bacterial
contamination of produce is most commonly by contact with infected water or by contact with soil
harbouring the bacteria.
Good phytosanitary practices will help prevent most postharvest infections. Use clean and sharp knives
and clippers at harvest and only use clean water for washing, and do not put cut surfaces, of cabbage for
example, onto the ground.
Fungi multiply by cell extension and division and by forming spores for dispersal in air or water, or even
by various animal and insect vectors. Fungal infection of produce may result from entry into cut surfaces
or natural abscission points, as with bacteria, or by pathogenic entry of produce. Pathogenic entry of intact
healthy tissue is confined to a few organisms and generally entry is via cut surfaces, or damaged or
weakened tissue.
During storage, marketing and distribution, all produce will age and become weaker with a gradual
breakdown of cell structure and integrity. The produce is thus stressed and less able to withstand invasion
and infection by disease organisms. Fruits as they ripen produce a sweet and readily utilizable food source
for fungal growth. The tissue of ripening fruits becomes softer and weaker, making it easier for fungal
organisms to penetrate and infect. Fungal spores present at harvest, but unseen, may thus germinate and
spoil the fruit once ripening commences. This "latent infection" is typical of 'Anthracnose' in mango and
banana, and other similar fungal spoilage diseases.
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7.8 Lack of market

Background
One of the commonest causes of high levels of postharvest loss of fresh produce in Ethiopia is the
harvesting of a crop in preparation for commercial sale, but then that sale fails to happen. For example, a
buyer visiting the area persuades a farmer to sell some of his crop and informs the farmer he will be return
for the rest of the crop on a particular day. The farmer harvests the crop in readiness for the buyer but
the buyer fails to show up and the harvested crop cannot then be sold before it begins to spoil. Or, just as
likely, a buyer visits the farmer ahead of the harvest season and agrees to purchase the crop but then the
buyer disappears and the crop, without a confirmed market remains in the field becomes over-mature
and spoils. Either way the crop is a commercial write-off and a disposal problem for the farmer who
probably has too much to consume himself, or feed to his animals, or to sell locally.
All too often, farmers sell produce to buyers with whom they have no prior relationship with and thus
have no guarantee of a confirmed sale and no guarantee of a price for the crop. Most small-scale buyers
have limited cash and marketing capacity and many may operate in an opportunistic way – often moving
in and out of the business with no permanent or professional interest in the industry. Many such
opportunist buyers may not pay cash for the crop on the day of collection and will have made a promise
to the farmer to sell on their behalf and then return after selling that crop to pay the farmer. As you might
expect, many such arrangements end in failure with the farmer having grown and “sold” his crop but not
actually getting paid for it – an economic loss. More diligent planning of the crop marketing will always
reduce the potential for market failures and farmers should try to build regular buying arrangements with
the same trader every year.
One of the main advantages of “group marketing” - where a small farmer joins with fellow farmers to
aggregate and sell their crops together, is that the marketing group will have more produce volume to sell
at any one time which makes them much more attractive to larger-scale traders who are in the business
permanently and have adequate buying resources and are looking to create long-term produce sourcing
solutions.

8. HOW AND WHY CEREALS AND GRAIN LEGUMES POSTHARVEST LOSS
OCCURS
8.1 Living Tissue
Background
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Cereals and grain legume crops are living seeds and therefore contain all the vital factors that allow for
future propagation of the crop. While these grains may appear inert they still contain living tissue that is
respiring – taking in oxygen and releasing carbon dioxide, although at levels well below that seen with
fresh produce, as well as some residual moisture to maintain their living state, together with stored
carbohydrates and protein that can support germination when the seed is planted. The grain seeds, when
harvested at the correct stage of maturity and dried to around 13 to 5% moisture are in a dormant state
and if stored carefully can remain dormant for several months. Optimally, cereals need to be dried to
around 13.5% moisture, and grain legumes to around 12% moisture if that are to be safely stored as seed
for planting the next crop, or more crucially as a food for human and as feed for animals. If grain moisture
content is managed properly, through inadequate drying or through postharvest wetting of the grains
then there will be a sub-optimal storage life and the grains may start to germinate.

8.2 Food Source for Pests
Background
The high carbohydrate and protein content of grains makes them a valuable food source for humans and
animals, but also for pests, such as insects, rodents, birds, and micro-organisms. It is therefore vital that
farmers harvest their grain crops as carefully as possible so as to prevent any contamination with pests
and keep them stored in a form that does not allow for pests to subsequently access the grain. Grains can
be stored within packages and containers, such as sacks and silos that prevent physical access by insects
and rodents, but the spores of micro-organisms are more difficult to exclude as they are too small to see
and may be hidden in soil particles or pieces of chaff that have somehow become mixed with the grain at
harvest or during postharvest handling. Grains that get damaged or broken during harvest and subsequent
handling provide an easy route for insect and micro-organism entry into the seed and thus more rapid
spoilage. Care needs to be taken at the harvest and postharvest stages to ensure that grains remain intact.

8.3 Importance of Producing and Maintaining High Quality Grain
Background
Buyers, traders and processors of cereals and grain legumes understand that low moisture levels and lack
of contamination of the grains are crucial to safe and successful use as human food and animal feed and
always look for high quality in the grains that they are prepared to purchase. High quality in grains is
always reflected in the price that these traders are prepared to pay and high quality grains also store more
successfully for extended periods provided that the quality is maintained in the store. For farmers looking
to store their grains for subsistence purposes, or to store grains temporarily and wait for higher prices
after the main harvest periods, it is vital that they strive to produce, harvest, and handle their grain crops
in a way that ensures the highest possible quality. If grain moisture levels are too high for storage (ie.
above 13 to 14%) then they should be dried after harvest to reduce moisture levels. Grain can also be
winnowed, sieved, and sorted to remove much of the contamination by soil particles, chaff, and other
foreign matter, but it is always better to prevent that contamination in the first place and then keep the
grain safely packaged and contained. Lower quality grain should not be placed into storage but consumed
a soon as possible.

8.4 Factors Affecting Grain Quality and Postharvest Spoilage
Background
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High quality grain provides the safest food form and at the same time can be safely stored for longer
periods. In a market situation, highest quality grain will attract the best prices from traders. The key quality
points to look for are:
Foreign matter and filth
•

Foreign matter can include chaff, straw, stones and soil particles.

•

Filth is contamination with things like bird or rodent droppings or dead insects

•

Careful sieving of the grains can reduce much of this contamination.

Broken grains
•
•

Broken grains are the result of poor harvest or postharvest processes, especially at the
shelling and threshing stages.
Mechanical threshing using proper tools and equipment will reduce the amount of broken
grains as well as speed up the process considerably.

Insect damage
•

Insects such as borers and weevils make small holes through the seed coat of the grains
and reduce the food value of the grains as well as creating opportunities for microorganisms to enter into the grain and produce further spoilage.

Rodent damage
•

Rodents chew into the grain and usually target the high-protein germ as well as
consuming the grain starch. Where rodents feed they also leave contaminating droppings.

•

Grain that has been dried too slowly or allowed to become wet after harvest will usually
be contaminated by moulds and the grains will become discoloured and the flavour
tainted. Some moulds, especially Aspergillus moulds, also produce mycotoxins such as
Aflatoxin, which are dangerous poisons leading to cancers in humans and animals.
However, just because moulds cannot be seen to contaminate the grains that does not
mean that some form of mycotoxin contamination has not already occurred. Keeping
harvested grains free from soil contamination and at low moisture levels will minimize
the risk of mycotoxin contamination and keep the grain safe for human and animal
consumption.

Moulds

Discoloration
•

Some grains may be discoloured due to excessive heating at the drying stage and
damaged. Discoloured grains should be picked out from the crop as they present a risk to
safe storage and an immediate disincentive to traders looking for an excuse to lower their
prices.

Offensive smells
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•

Grains can also accumulate offensive smells and odours through poor handling after
harvest, especially slow drying, and through contamination with moulds in storage, or by
contact with fertilizers, and contact with pesticides not approved for use on stored grains.
These offensive smells can also provide traders with an excuse to lower their price
offering but may also taint the flavour of the grain.

9. FRESH PRODUCE ON-FARM POSTHARVEST LOSS REDUCTION
9.1 Pre-harvest
Background
The farmer, by growing the crop in the first place, has already primed the need for a marketing process.
The conditions under which the crop are grown, the cultural practices used, the variety of crop grown and
when it was planted, will all determine:
•

What the quality of the crop will be;

•

When it will be ready for harvest;

•

How big the harvest will be;

•

How the crop will withstand the post-harvest abuses of the marketing and distribution process.

You cannot improve the quality of any fresh produce after harvest. Thus the ultimate market quality of
the produce is determined by the grower from the moment he selects the crop, the variety and the
production system.
From an economic standpoint, you cannot grow fresh produce without various capital inputs for the
purchase of seed, fertilizer and pesticides, Considerable time and labour is spent on land preparation,
cultivation, irrigation, crop protection and eventually on the harvest of the produce. All of these inputs
must be balanced by a good return from the marketing process, and the only way this can be achieved is
by careful planning and management of all aspects of production.
Production Planning
Yield is a worthy objective and it makes obvious sense to get the most out of your land with each crop,
but when every farmer grows the same crop at the same time, high yield is an embarrassment with no
market and a tremendous loss economically. Financial return per acre, or hectare, is and should always
be the register of success in production.
Production planning means a lot more than just selecting the crop and variety to be planted. It means
planning:
•

The correct time of planting or sowing;

•

Crop spacing;

•

Type of inter-crop, if any;

•

Irrigation requirements;

•

Cultivation practices and frequency;
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•

Pesticide application and frequency; (buying ahead and not waiting until a pest or disease
problem appears)

•

Fertilization type, application and frequency;

•

Other cultural practices - pruning/training etc.;

•

And, of course, the time of harvest.

Failure to include crop marketing requirements as part of production planning can result in crop failure
and poor quality for several reasons:
1. Markets can only accept limited quantities of highly perishable produce.
2. When lack of planning causes the management needs of a growing crop to exceed the
resources of the grower, the crop is subjected to various types of stress. Mineral deficiencies,
inadequate water management and poor cultural practices eventually detract from product
quality and may make it unmarketable.
3. If a grower has limited resources for harvesting, field handling and marketing, it is necessary
to stagger planting of annual crops such as vegetables and melons, so that produce can be
harvested at the correct maturity. Okra left in the field for later harvest become fibrous and
dry, and cabbage may burst its head under similar conditions, factors which will reduce quality
and lower the price of the produce if it can be sold at all.
4. Weather conditions during the planned harvesting period should be taken into account when
planting. Onions cannot be harvested during wet weather unless artificial drying facilities are
available, or sprouting and rotting will rapidly result in storage. Sweet potatoes should not be
lifted in rainy conditions and from wet soil because they will be damaged, experience stress,
and will rot quickly. If irrigation is not available, the absence of rain prior to harvest will result
in lower yields or poor quality produce with correspondingly short market life and low value.
Crop Selection
The selection of the type of crop will be governed by several inter-related factors. If a grower has no
previous experience of a crop he would be foolish to plant more than a few plants on which to experiment.
If there is no domestic market for a particular crop for traditional reasons, and the grower has no facilities
for export, again there is no point in growing that crop except for experimental or subsistence purposes.
The grower's soil type and fertility will be deciding factors. For example, carrots and sweet potatoes give
a higher yield with fewer post-harvest problems if grown on lighter soils that have not received heavy
manuring immediately prior to planting whereas bananas require rich fertile loamy soils that have good
water absorption properties but which drain freely.
Vegetable crops occupy land space for relatively short periods, but tree-crops are a permanent investment
and it may be a question of years rather than weeks or months before the first harvest of fruit is obtained.
This can present a serious cash-flow problem for the grower with limited credit facilities. Inter-cropping
with annual vegetables or fast-growing crops may alleviate the cash flow problem e.g. planting shortmaturation cash-crops between rows of slower growing young fruit trees.
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Seasonal conditions are probably one of the major deciding factors influencing crop selection. Many
vegetable crops grow better with fewer pest and disease problems in the dry season provided they have
adequate water and do not shut out too much sunlight. However, with careful management these same
crops may also be grown at other times of the year, and although capital inputs may be greater, this may
be balanced by better market prices.
Varietal Selection
Varietal selection is frequently made on the basis of yield potential, disease resistance, or suitability for
local conditions, and often without sufficient consideration of market preferences and post-harvest
behavior. Seed availability of the correct variety is still a very limiting factor in Ethiopia. For cash cropping
purposes, the selection of the variety should follow a clear order of priorities:
1. The variety should be that which the particular market wants. If a suitable variety cannot be
obtained which will yield satisfactorily under local conditions, then a different market must be
found or an alternative crop grown.
2. If more than one variety is available which meets market requirements, then the variety should
be chosen which has the most favourable post-harvest characteristics.
3. Yield and other agronomic factors should be taken into account if more than one variety meets
the above criteria. It may be possible to grow two or more varieties of the same crop at the same
time and perhaps benefit from different harvesting periods.
Crops grown from poor, stale or diseased seeds or planting material rarely thrive and the resulting
produce will be of poor quality.
Production Practices
Production practices require as much planning as other factors because they often involve capital and
labour costs, but more importantly because they influence the production quality of the produce and thus
the potential post-harvest life and marketability of the crop.
Irrigation
Irrigation increases crop turgidity at harvest but depending on commodity, stage of maturity and other
factors, may make the crop more susceptible to bruising and splitting. Over-irrigation and under-irrigation
can both reduce yield, quality and marketability of the crop.
Over-irrigation of cucumbers and melons increases fruit size but leads to greater losses due to decay, both
before and after harvest, and reduces the intensity of the flavour. Under-irrigation of the same crop
improves flavour, but yields are reduced and growth cracks are common. Over-irrigation of leafy
vegetables prior to harvest may increase their turgidity but will also make the leaves more brittle and
susceptible to handling damage.
Un-irrigated citrus grown under dry conditions will have a low Juice content and develop a thicker peel.
The low juice content may mean a delay in harvesting due to lack of irrigation and this leads to reduced
storage life of the fruit, but also greater rejection rates at harvest because of field blemishes. Conversely,
harvesting of all types of citrus immediately after irrigation, when the peel cells are fully turgid, increases
the incidence of oil spotting, and prevents their export to extra-regional markets.
Cultural practices
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Crops growing in competition with weeds may suffer from both water stress and mineral deficiency
leading to lower yields and quality. Weeds may also harbor pests and diseases which attack the crop,
detract from its appearance and increase the incidence of postharvest spoilage. Failure to prune out
jagged and dead wood in fruit trees makes harvesting more difficult, harbors disease causing organisms
in the tree canopy and causes physical injury to the fruit, both before and during harvesting. Such damage
and latent disease infection are major causes of quality downgrading and storage losses in tree fruits. Lack
of careful land preparation and maintenance of channels in furrow irrigation of crops may cause one end
of the crop furrow to be over-irrigated and the other end under-irrigated.
Fertilisation
Soil fertility has a direct effect on all aspects of crop growth and development. In some cases, postharvest
disorders can be linked directly to the deficiency of a particular mineral, but often other environmental
factors such as water stress are involved. "Spongy tissue" symptoms in mango have been linked to mineral
deficiency, and copper and iron deficiencies cause abnormal peel development in citrus fruits.
In general, fruits and vegetables growing under low fertility conditions are slow to mature, have a greater
tendency to develop abnormal shape, do not store well, and ripen irregularly after harvest.
FERTILISER - YOU ONLY GET OUT OF A CROP WHAT YOU PUT IN!
Pesticides
All chemicals applied to growing fruits and vegetables have an effect on quality, and in some cases are
applied specifically for their effect on post-harvest behavior.
Pesticides, including insecticides, fungicides, and nematicides, are applied primarily to protect the crop
and should therefore improve its quality potential. Their effect is also to reduce insect and fungal damage
which detracts from the appearance of the crop and increases storage losses. In some cases, for example
the development of 'Anthracnose' spotting in mango, it is necessary to spray with fungicide during growth
even though the disease itself may not be seen until after harvest.
By removing weed competition, which may impose water stress and mineral stress, herbicides can also
have beneficial effects on postharvest behavior. Careless application of herbicide between rows of crops,
and spray mists blown over from neighboring fields, can cause irreversible damage to a growing crop,
usually in the form of external blemishes and discolorations which reduce market value. Severe damage
by herbicides may lead to gross deformities of the produce and possibly total crop loss.
Since all crop protection chemicals are toxic to animals and humans, they must be applied in
concentrations which will not allow toxic residues to build-up. A safe period specified by the
manufacturers must be left between final application and harvest.
Pesticides are of little use in combating systemic diseases such as viruses and bacterial wilt diseases
(especially bacterial wilt in banana & potato). The only solution in these cases is removal and burning of
the infected plants and possibly sterilization of surrounding soil. With bacterial wilt disease of banana, the
herbicide glyphosate ('Roundup') is used to kill all host plant tissue and not to 'kill' the disease!

9.2 Maturity for Harvest
How do we know when a crop is ready for harvest?
A major factor influencing this decision is the market price which can be obtained at any given time, which
frequently leads to crops being harvested before or after they are at their best in order to get a good
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price. The end result is that the postharvest quality of the produce may be adversely affected and the
produce value at retail is reduced, or in the worst case, such as gross immaturity in fruits when the
produce ripens properly, sales may not be realised at all.
Two characteristics are normally used in deciding crop maturity, both very dependent on the experience
and personal opinion of the grower.
Observation, or looking for characteristic signs of readiness such as:
•

Size and shape

•

Colour

•

Texture, hardness and softness

Sampling of characteristic specimens and testing by smell and taste.
Some crops are acceptable for consumption over a wide range of development (for example cabbage and
root crops), and selection for harvest is often more dependent upon price and the size preferences of the
market.
Fruits need to be harvested when they are just starting to show the first stages of ripening. If they are
harvested too soon, and before ripening has been triggered then they may fail to ripen properly after
harvest. Pineapple for local consumption is generally harvested at around the 25-30% yellowing stage of
the fruit, but at the very least it should be showing the first signs of yellowing at the basal end. Mangoes
should be harvested when they show the first signs of color break, usually a yellowing of the peel – but
this can depend on the variety.
Producers must decide whether to harvest as soon as the market price ensures a reasonable return, or to
leave the crop in the field to obtain maximum yield. However, waiting too long for yield increase may
drastically shorten the marketable life of the produce and lower the sale price. This balance is a critical
factor in determining the grower’s income from the crop. In practice the total harvest period is very short
and the grower has very little time in which to make the correct decision.

9.3 Managing the harvest
Harvesting Objectives
The objective is to harvest the crop without damage and to get it to the market in the best possible
condition. Although the scale of production, availability of labour and type of produce may vary, certain
basic factors must be taken into account in the planning of any harvest operation. Equipment must be
obtained, labour organized, and marketable produce identified for harvesting, collection and removal
from the field. Each of these tasks must be planned, managed and implemented efficiently if the value of
the crop is to be fully realised.
Harvest management has four components:
Good production planning to ensure that crop maturity coincides with market demand.
Continuous communication with buyers to identify their exact requirements as harvest time approaches,
but also to let the buyers know the best time of harvest and expected quality.
Forward planning to coordinate equipment, labor and transportation.
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Field supervision to apply the most appropriate combination of handling techniques. The efficiency of the
harvesting operation itself depends upon the use of experienced or trained staff, and the adoption of
methods which will meet the buyer’s requirements. The central objectives should be:
•

To move the crop from field to buyer with the minimum number of handling operations
compatible with the quality requirements of the buyer;

•

To minimise exposure of the crop to stresses such as extremes of temperature, or of compression
pressures caused by over-loading. If harvested clean, the produce should be kept clean and not
stacked on the soil, even momentarily.

Good management of the harvest operations is usually reflected in the speed at which produce moves
from field to market place, packing station or storage center, provided that is not at the expense of careful
handling and subsequent quality downgrading.
Labor
Training and supervision of labor are critical to a successful harvesting operation. Constant supervision is
necessary to maintain quality and reduce subsequent spoilage of produce. Training is required in both
general principles and crop specific techniques relating to maturity selection, detachment method
maintenance of equipment, field hygiene and division of labor. Some of the more important areas are:
Division of labor
Teams of workers must work systematically through a plot or field, experienced staff removing the crop
and others carrying it to collection points. If crops are relatively inaccessible, as with older mango, avocado
and breadfruit trees, great care must be taken by pickers climbing in the trees if fruit is to be harvested
free of damage. Whenever possible, planting densities and pruning techniques should be chosen which
minimize tree size.
Produce selection
It is essential that crops are harvested at the correct size and maturity for the market. The workers must
be given strict specifications before entering the field and each worker's performance carefully
supervised.
Method of detachment
Careful instructions must be given on the correct method of cutting, twisting or pulling to remove a crop,
and the performance of each worker checked.
Mishandling
During long harvesting sessions, some individuals develop habits of slapping, pressing and rubbing
produce. Others become tired and start to throw or drop produce into field containers. Such practices can
cause damage to the produce and should be controlled by checking performance, by restricting the
lengths of shifts worked, and by promoting comfortable working conditions.
Jewellery
Sharp edges on rings and bracelets, and long fingernails, are significant causes of postharvest abrasions.
Jewellery should be removed, and fingernails neatly trimmed before harvesting starts.
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Field hygiene
Unmarketable produce must not be left in the field to rot and contaminate healthy standing crops.
Routine collection of waste is an important part of the harvesting operation, and all workers can
contribute to this. Cleaning, sterilization or replacement of picking containers must be carried out
regularly to prevent the build-up of infection.
Equipment
Each individual should be issued once only with necessary equipment and given clear instruction and
training in its maintenance. It should then become that individual's responsibility to keep knives and
clippers both clean and sharp, and to keep other equipment such as boxes, poles, nets and bags in a good
state of repair. Blunt and dirty knives and clippers are potent sources of bacterial soft-rot contamination
of both fruits and vegetables.
Time of Harvesting
The time of day at which to harvest will depend on the availability of transport and other facilities, weather
and environmental conditions and human factors, as well as market demands and quotas. The factor
which assumes greatest importance depends upon the crop and the local situation.
Environmental: Most crops are coolest, freshest, and therefore in the most favourable condition for
handling, early in the morning. In some areas, where markets need night transportation, it may be
advisable to avoid harvest during the middle of the day. Produce harvested early in the morning, then
stored under ventilated shelter until evening loading. However, this must be balanced against the
possibility of local heavy dew or early morning rains which could have detrimental effects. Packing of wet
produce often leads to greater post-harvest spoilage and fully turgid tissue can bruise or split more easily.
Transportation: Since harvested produce standing in the field usually starts to deteriorate rapidly unless
specialized facilities are available, it is unwise to start harvesting until transportation is assured.
Destination: If the crop is to be transported to a relatively distant market, storage centre, packing station
or processing facility, harvesting should be timed to allow for delivery at a convenient time.
Labour: Harvesting can only take place when sufficient labour of the required skill and strength is
available. Thus the distance which workers must travel, their domestic, religious and sometimes social
arrangements may have to be considered.
Harvesting Techniques
The harvesting method will vary according to the types of commodity:
Root and tubers: Like sweet potatoes, yams, cassava and ginger, may be completely buried in the soil, or
may be partly visible above the soil surface, as in dasheen, carrots and turnip. Those which develop below
soil level, if they are small, are best grown in
mounds or raised beds, so that a digging tool
can
be easily pushed underneath to lift them
when they can be freed from the soil without
damage.
Sweet potato, Irish potato, carrots and other
partly buried crops can also be lifted in this

way
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or, if soil conditions are right, be pulled by hand.
Tools used to lift root crops are often a matter of
personal choice and/or tradition. As shown in Figure 9.1.
(Harvesting tools for root crops) below, they include:
digging sticks, cutlasses, hoes, or digging forks. Always
use sharp instruments with great care so as not to
wound or cut the produce because this will give rise to
rapid spoilage by soil-borne pathogens.
Leafy vegetables, bulbs and flowers: These will include
leafy vegetables like Swiss chard and spinach in which
individual leaves are picked by hand, or lettuce and
cabbage where the main stalk is cut through with a
sharp knife. Cauliflowers are also harvested by cutting
the main stalk of the plant, but with broccoli the
flowering shoots are usually broken off by hand and
then trimmed with a sharp knife if necessary.

Figure 9.1

Harvesting root crops with a fork.

http://www.fao.org/wairdocs/x5014e
/X5014e09.GIF

Bulbs, such as mature bulb onions and garlic are usually harvested like root crops, by pushing a digging
tool under them and levering them up to free the roots from the soil, or if the soil is friable and soft, they
may sometimes be pulled by hand.
When knives are used they must be kept sharp, clean and free from soil, or they may contaminate cut
surfaces and cause bacterial soft rot.
The cut or broken ends of stems should NEVER BE PLACED IN DIRECT CONTACT WITH THE SOIL, NOR
PLACED IN CONTAINERS CONTAMINATED WITH DIRT OR DECAYING PLANT MATERIAL.
Fruits: Harvesting methods for fruits are variable and depend to some extent upon whether they are
immature, mature green or ripe when harvested:
Mature or ripe fruits with natural stem 'break points'
Some fruit, such as passion fruit and tomatoes have a natural 'break-point' at which they can easily be
removed from the parent plant, leaving the fruit stalk
attached to the fruit. These are usually harvested by hand
using the 'lift, twist or pull method', (see Figure 9.1.
Harvesting tomato by the lift and twist method). Simply
pulling at the fruit carelessly risks removal of the tomato
without its calyx and subsequent rapid water loss, or
worse, the fruit itself can be torn.
Passion fruit, however, may be left on the vine until fully
ripe and harvested by shaking the trellis on which they grow, causing ripe fruit to fall to the ground,
from where they are gathered. They suffer little or no damage due to the hardness of the outer "shell".
Mature green or ripe fruit not readily detached with the fruit stalk intact
Many tree fruits fall into this category, including mango, citrus and avocado. These fruits are best
harvested using clippers, and placed in harvesting bags carried by the harvester. Figure XX (Harvesting
aids and tools for tree fruits) illustrates various aids and tools for harvesting tree fruits.
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With large trees, such as mature mangoes and avocadoes, fruits are harvested by the use of picking poles,
with or without attached clippers, equipped with bags into which the fruit fall. This method is rather slow
and requires considerable experience and skill, but is essential if high quality fruit is required.
Alternatively, the fruit is picked by the harvester either on a ladder, or who climbs the trees, and throws
the fruit to a skilled 'catcher' on the ground, or into a large net. Pulling out of stems from fruit when
harvesting has to be avoided at all costs because broken skin at the point of attachment of the stem is
particularly susceptible to a decay condition known as STEM-END ROT.
Immature fruit with soft stems but no natural breakpoint
Many fruits are eaten in the immature state, some as vegetables or salads. They include sweet peppers,
papayas, cucumbers, eggplant and squashes. Fruits of this type are usually harvested by hand by snapping
the stem, or cutting it with a sharp knife. Where knives are used they should be kept sharp and free from
contamination with soil.
Immature green legume pods such as green beans and peas have a short fruit stalk which can usually be
easily broken away from the plant.
NO MATTER WHAT HARVESTING METHOD IS USED, CARE MUST BE TAKEN TO AVOID INJURY TO PRODUCE.

9.4 Getting produce ready for market
Once produce is harvested it should be prepared, sorted and assembled together for transport to the
market or storage area as soon as possible. This stage of getting the produce ready for the market should
be thoroughly planned, as with all aspects of fresh produce production and marketing.
Preparing and Sorting in the Field
Much of the required preparation and sorting of produce can be done during the harvest operation itself.
Scarred, pitted, over-ripe or otherwise deficient produce can be placed in separate harvest containers or
discarded completely and removed from the field later. However, for most of the crops harvested in
Ethiopia the requirements are generally only for simple sorting and packing in the field, or assembly of
the produce prior to collection and transport. Whatever the process, assembly of the produce is always
necessary, and like putting all your eggs in one basket, it is often the point when troubles or problems first
arise.
As with all aspects of post-harvest, the objective of assembly should be to develop a system which
minimizes stress on the produce and keeps handling operations to a minimum but with maximum care,
and to keep the time between harvest and first destination of the produce as brief as possible.
Field Assembly
Field assembly is the process of bringing together like produce for the purpose of transport and/or
wholesale marketing, or prior to storage.
Unless field plots are very small, it will be necessary to assemble the harvested crop in preparation for
transport. Interruptions in the harvesting operation due to rain or other reasons, can and will occur. Field
assembly should be planned bearing in mind the best location and the provision of basic facilities.
•

Shade and shelter - OUT OF THE SUN AND RAIN.

•

Temporary storage - OFF THE GROUND and NO BULK-PILING.
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•

Distance to assembly - If harvest crews have to walk long distances with the produce they will get
tired more quickly and handling damage will increase.

Field Crates and Containers
Harvested produce may be transferred from the harvest containers into field containers, for transport to
a packing house, or in some cases for transport direct to local markets. In Ethiopia, the commonest form
of packaging is the woven poly-propylene sack, usually a recycled grain sack.
Sacks and net bags made from natural or synthetic fibres are commonly used where low value or more
durable produce, such as root crops or dry bulb- onions are transported direct from grower to market.
They are relatively cheap and require little storage space and usually provide good ventilation to their
contents, but they give only limited protection to their contents.
Transport Out of the Field
To get the produce from harvest point to a collection point by the roadside may involve passing over one
or more kilometers of farm roads. Growers rarely give sufficient attention to the logistics of this operation
and then wonder why they get problems. In Ethiopia, this problem can often be made more difficult by
steep slopes. In many cases wheelbarrows or donkey carts are the only alternatives and crates may not
be as suitable as sacks.
Is the vehicle shaded from both sun and rain? If the produce is covered with a protective tarpaulin or
similar, and does it prevent ventilation of the produce?
Often the above points are overlooked because the operators argue that the produce does not have far
to travel and the produce is not expected to be on the vehicle for long. Unfortunately, drivers do have the
habit of making unscheduled stops during their journeys.

10. CEREALS & GRAIN LEGUMES ON-FARM POSTHARVEST LOSS REDUCTION
10.1 Planning the Harvest
Background
Harvesting of cereals and grain crops is a
major part of the farming calendar for
farmers and fits within a traditional
pattern of on-farm activities. The best
farmers plan for the harvest and make
sure they are fully prepared for all the
necessary harvest and immediate
postharvest activities. However, not all
farmers plan their harvest properly and
that is where problems start to occur
which can directly affect the harvest volume and quality of the grain produced.
Farmers must make certain that:
•

They have the right equipment in place and ready for the harvest and postharvest activities, that
it is in good repair and cutters and tools sharpened and cleaned;
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•

•
•
•

•

•

They have secured arrangements for mechanical threshing and shelling with service providers
well ahead of the harvest date and that the necessary equipment will be in place at the right time.
Service providers such as mechanical thresher operators need to optimise their operations and
thus maximise their income in the limited time available. Delayed harvest of the grain crop will
affect the quality of the crop and its value – both financial and nutritional value;
They have allocated where important activities such as drying and threshing will take place and
that these areas are cleared ahead of time and cleaned;
They have sufficient storage space for the crop, even if that storage is only temporary prior to sale
of the crop;
They have fully prepared storage areas before the crop is harvested, that the stores have been
cleaned, and packaging materials and containers are clean and free of any contaminating
materials.
They do not mix newly-harvested grain crops and there should be no carry-over in the same store
with grains from an earlier harvest as these will carry the risk of contamination for the new crop;
They have organised the necessary labour to carry out the harvest and postharvest activities
efficiently and safely.

10.2 Harvesting at the Right Time
Background
Cereals and grain legumes should be harvested when they are physiologically mature and transported out
of the field, and away from potential contamination, as soon as possible. Most farmers understand this
but also must take into account the fact that the grain crop may still be too moist for threshing.
Traditionally, farmers will therefore seek to dry the harvested crop in the field, with the grain left on the
stalks and piled up into piles or stalks to dry naturally. However, this practice is not recommended because
it makes the crop vulnerable to infestation by insect pests and damage by birds and rodents, and also
contamination by soil and the soil-borne micro-organisms.
Delaying the harvest with the intention of further drying of the grain while still on the plant tends to lead
to spillage and scattering of the grain before the harvest or during the harvest. This is particularly
problematic for the grain legumes with their heavier grains encased in over-dry and fragile pods which
can easily shatter and spill the grains to the ground. Late harvesting can also create problems in crop
succession where the fields need to be clear and ready for sowing with
the next crop. Some farmers may begin to hoe or plough the soil, in
readiness for sowing/planting of the following crop, while the stalks are
still in the field. This practice allows for wind-blown and scattered soil,
along with its soil-borne micro-organisms, to contaminate the stalks, and
is known to be a serious contamination point for mycotoxin.
Farmers tend to use traditional methods for judging crop maturity, based
on the look, the feel, the taste and smell of the crop, often biting into
sampled grain to determine its hardness and moisture content. Crop
maturity indicators vary considerable between different types of grain crop, but generally fall into the
following categories:
Grain legumes
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The crop is judged to be mature when the leaves and pods have turned from green to yellow. However,
not all the pods on a single plant or across a crop reach maturity at the same time and thus several
harvesting sweeps of the crop may be necessary.
Wheat and Tef
When all the crop plant, including the panicle or heads, have turned from green to golden yellow then the
crop is physiologically mature. However, optimum harvest maturity is reached when the grains can be
readily released from the panicle or head through rubbing in the palm of the hand, and when the released
grain is hard to the bite.
Maize
The crop is mature when the whole plant has a distinctive stalk color and the grain is hard to the bite. Cob
maturity may also be tested by rubbing off some of the grains from the cob and then scraping the base of
each grain with a fingernail to reveal a dark-brown to black layer in the seed. In some varieties the harvest
maturity may also be judged by downward drooping off the cobs while still attached to the plant.
Sorghum and Millet
Unlike other cereal crops, sorghum and millet grains can reach physiological maturity while the stalks and
most of the leaves are still green, but like maize the grains also develop a black layer at their base when
mature. Sorghum and millet grains tend to mature from the top of the seed head downwards, with the
bottom of the seed head maturing up to a week later than the top of seed head. Gran maturity therefore
needs to be checked at both top and bottom of the seed head.

10.3 Harvesting Cereals and Grain Legumes
Background
While there is now widespread use of mechanical threshing machines in Ethiopia, smallholder plot sizes
are generally too small and in some areas on too steep land to allow mechanical harvesters to operate.
Mechanized combine harvesters and threshers could be used on flat lands in valley bottoms where field
sizes allow ease of access and operation for larger vehicles, but for most smallholder farmers in Ethiopia
hand-harvesting of cereals and grain legumes is the normal procedure followed by threshing after harvest.
Harvesting of grains should be done in dry weather conditions with as little moisture in the crop as
possible. Maize cobs are plucked by hand from the plants, while sorghum and millet heads are cut off the
plant using knives. Bean pods that are contaminated with soil should be kept separate from the clean
pods to minimize infection from soil-borne fungi and consequent mycotoxin residue – the contaminated
pods can still be harvested although the grain legumes should not be stored, but consumed by the
household as soon as possible. Wheat and tef are harvested using the traditional method with sharp
sickles cutting off most of the straw close to the ground with the seed heads still attached to form
sheathes. These sheathes are then loosely bundled and then stacked with the seed heads on the inside of
the pile or stalk, and the straw towards the outside. In this way the stalk can repel water incursion and
temporary invasion from birds and pests.
If harvesting in maize is delayed due to wet-weather then the cobs can be turned downwards while still
attached to the plant and so avoid water accumulation inside the cob sheathes
In an ideal situation newly harvested grains should be placed on clean mats, tarpaulins, or into bags so
that soil contamination is minimized and subsequent infection of the grain with fungal pathogens and
mycotoxin spoilage kept as low as possible.
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10.4 Getting the Crop Out of the Field
Background
Newly harvested grain should be transported to the homestead as soon as possible and placed in a clean
and secure location where it can be protected from rain, pests, and birds. Transport to the homestead is
usually by hand-carrying for short distances but more commonly by donkey or ox drawn carts. At this
stage the most serious postharvest threat to the grains is shattering and physical losses, so care needs to
be taken in handling the crop.

10.5 Shelling and Threshing of Grain
Background

Traditional shelling and threshing of grain in
Ethiopia (as shown in the photograph, right) is
practiced on specially-prepared threshing
floors comprised of pounded ground and
animal manure which are prepared and dried
to a smooth and hard finish. The unthreshed
grain is placed on the threshing table and
beaten with sticks and trampled on by people
and often by oxen as well to thresh the grain
from the husks in a very laborious and timeconsuming process. It is now recognized that
this traditional process creates considerable
postharvest problems of damaged and shattered grain and considerable contamination with
microorganisms from within the animal manure. In consequence there is increased postharvest
spoilage, plus unnecessary contamination foreign matter and mycotoxin-forming
microorganisms, and grain processed in this way is not attractive to grain buyers and does not
store well if kept on the homestead for subsistence consumption.
In most of Ethiopia, but not yet in Tigray it
seems, there has been a revolution in terms
of the introduction of mechanized shelling
and threshing devices which are capable of
much higher levels of performance than the
traditional method and with much lower
levels of grain shattering and damage, and of
course no contamination with foreign
matter and micro-organisms. These smallscale mechanized threshers and shellers (as
shown in the photograph, right) are now
being locally manufactured and operated by
entrepreneurs offering their services on a toll-based payment system. Ethiopian farmers have
seen dramatic improvements in grain quality using the mechanized threshers, and this factor
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combined with much reduced labor expenditure has convinced almost all farmers to switch to
mechanized shelling and threshing.

10.6 Winnowing and Cleaning the Grain
Background
Traditional threshing practices in Ethiopia also meant that winnowing of the grain was vital to remove as
much of the husks and foreign material such as dirt and stones from the grain. This is a slow and timeconsuming practice and does not provide such clean grain as
the mechanized threshers. In consequence, mechanized
threshing has also removed the need for the winnowing of
grain, but with the exception of tef, which has such a fine
grain and rubbish that hand-winnowing is still needed.

10.7 Drying the Grain
Grains are harvested at optimal maturity but moisture content will usually still be too high for safe storage
and marketing of the grain. Further drying of the grain is therefore
required. Drying of the grain is best done at the homestead rather
than in the field, where it can be more closely managed and the crop
quickly protected from the rain if necessary and soil-free conditions
can be organized in advance.
Free-ranging farm animals, such as
poultry and goats should be kept
well away from the drying crop,
which is best achieved by tethering
or penning the animals for the
duration of the drying, but fencing of the drying area may also be
practiced.
Grains and pulses are normally dried while still in their protective seed
heads or pods, and maize is left in the cob. Air can more easily circulate
around the un-threshed grain than when it is in compact piles of just grain.
Maize may be dried with or without its husk cover, depending on the circumstances.
Drying maize in husk or out of husk?
Dehusk maize cobs if:
•

Rapid drying is required

•

There is no danger of cobs getting wet due to rainfall during drying
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•

Storage periods after drying will be short or the cobs will be shelled soon after drying

Keep the husks on if:
•

Rapid drying is not essential

•

There is a danger of cobs getting wet from rain

•

Storage after drying will be at least 3 months with the cobs in husk

There are still some farmers in Ethiopia drying their grain by spreading it out over bare ground and then
turning it occasionally. All contact between the harvested grain and the soil should be avoided as it directly
affects the quality of the grain, its market value and its safety for
consumption. Any contact with soil allows for the intrusion of soil particles
and stones, as well as infection from soil-borne fungi and the increased risk
of mycotoxin residues accumulating in the grain.
Grain can be safely dried on concrete floors, or more practically, on large
plastic sheets or tarpaulins laid out on slightly-mounded ground near the
household. The slight mounding is to prevent incursion of rain water.
If rain is threatening, and/or it is coming on to night-time, then a separate
large plastic sheet is needed to cover the grain temporarily and the sheet removed once the rain has safely
passed and/or the night has passed. If the covering sheet is left on too long then condensation can build
up underneath and get the grain wet again.
The grain should be placed on
sheet to dry in layers not more
cm deep and raked over
regularly to encourage even
After the first two hours, all of
grain should be pushed to one
of the sheet to allow the
exposed part of the sheet to
dry
from
accumulated
condensation. This will take only 5 minutes or so in full sun
conditions, after which all the grain can be raked back over the
dry side of the sheet, to allow the other half of the sheet to dry
minutes. The plastic sheet should be “aired” this way every two
hours, especially in the early phases of the drying process.
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How fast the grain dries depends on the weather at the time and how moist the grain is at harvest. Hotter
and drier weather will ensure faster drying of the grain, especially if there is a slight breeze to keep the air
moving over the drying grain. In practice, if grain is harvested at around 20% moisture level and is laid out
for 5 hours per day in sunny and dry weather, then the drying process should be complete in 2 to 3 days.
Grain drying is complete when a moisture level of 13 to 14% is reached in cereal grains but a lower level
of moisture down to 12 % is needed for grain legumes and pulses. Experienced farmers will know from
experience how to judge the safe moisture content. The grain gets harder as it dries and the experienced
farmer can tell if it is ready by biting on the grain or by listening to the different sound it makes when
pouring it or rattling it in a container, but these methods are subjective. If Development Agents or other
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Extension Officers can get hold of a moisture meter it is worth demonstrating, especially to younger
farmers, what the required moisture level grain corresponds to with these subjective methods. It doesn’t
need to be done every time but it makes grain drying a more objective process.

11. FRESH PRODUCE STORAGE
11.1 The Need for Storage
Background
Produce may be stored for a few days or weeks as part of the normal marketing process but some produce
may also be stored for periods varying from a few weeks to several months. The reasons for storage are:
•

Because there is no immediate buyer.

•

Because transportation or some other essential facility is not available.

•

To extend the marketing period and increase the volume of sales.

•

To wait for a price increase.

There are various different forms of storage, the choice of which will depend on its cost and the produce
to be stored. However, before contemplating storage of fresh produce there are other factors which must
also be taken into account. The maximum storage life of a harvested crop depends on its production
history and quality and maturity at harvest. The actual storage life which can be achieved in practice may
be quite different and depends upon harvesting and handling procedures and the storage environment.
Not all fresh produce is amenable to storage and some produce may require specific post-harvest
treatments such as "curing" prior to successful storage. Alternatively, there may be features of the market
structure or supply which create constraints whereby stored produce may compete at a disadvantage
with freshly harvested produce. Encompassing all of these interactions is the question of storage
economics – is it better to sell all the produce soon after harvest or will there be a financial gain through
storing the produce and selling it outside the normal harvest season?
For most Ethiopian households, fresh produce storage is intended to extend availability for home
consumption. Apart from very short-term storage of a few days for the most perishable produce, fresh
produce storage is mainly concerned with root crops such as Irish and sweet potato, and onions, with
storage periods ranging from one to several months.
While root and tuber crops can, if properly prepared,
stored successfully for several months there is always
of postharvest losses. Rodents can get into stored
and consume them or damage them so that diseases
destroy what is left, or simply contaminate them with
droppings and urine and make them inedible. Stores
to be rodent-proof and every attempt be made to limit
presence around the household.

can be
the risk
crops
can
need
rodent

Root crops and tubers exposed to the light may start
sprouting and thereafter rapidly spoil, so the produce should be kept permanently out of the light.
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Theft of stored produce is unfortunately still a postharvest threat and so stores need to be located where
they can be monitored regularly and casual access to non-family members restricted.
For all the above reasons, Ethiopians tend to store root crops and onions in the household itself, but not
always the best way.

11.2 Temperature, Humidity and Commodity Considerations
Background
Most rapidly maturing tropical fruits (such as mango, banana, and avocado), soft fruits of all kinds, and
leafy vegetables with a large surface area, tend to have high respiration rates and normally have short
storage lives. In contrast, most temperate fruits (such as apples and pears), cured potatoes and onions,
and vegetable root crops often have lower respiration rates and consequently longer storage lives.
Respiration of all produce increases with temperature which is why all storage techniques aim for a
reduction in temperature of the produce.
Lower storage temperatures offer the additional advantage of greatly reduced water loss from the
produce with reduced transpiration. High relative humidity slows down water loss and enhances storage
life of the produce. Stores should ideally be maintained at the highest relative humidity (RH) that the crop
can tolerate. Humidifiers of various types are generally available, and although 100% RH would totally
prevent water loss, this can rarely be maintained because:
•

Disease organisms often develop rapidly at 100% RH;

•

Condensation, giving rise to increased spoilage can easily be caused by slight temperature
fluctuations at or near 100% RH;

•

Ventilation with unsaturated air is often necessary to remove heat and volatile gases such as
ethylene.

It is important to retain adequate circulation of the air within a store and around the produce to ensure
efficient cooling. However, over-rapid air movement can drastically increase water loss by the produce.
In conclusion, the choice of the correct storage technique is governed by:
•

The type of produce, its temperature from harvest and its respiration rate as well as produce
quality;

•

The storage temperature and humidity best suited to the produce and intended storage life,
without implicating chill damage or unnecessary microbial spoilage;

•

Appropriateness to the market place and its requirements;

•

And above all, the economics of the whole operation.

11.3 Basic treatments before storage and/or marketing
Background
Cleaning: All stones, soil clods and plant debris must be removed before storage, particularly if the crop
is to be stored in bulk. Stones damage the produce and soil and plant debris compacts and restricts
ventilation, leading to localized build-up of heat, but may also carry spoilage pathogens.
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Grading and selecting: Small, damaged, infected and over-mature produce must be REMOVED:
•
•
•
•

Very small produce loses water more rapidly leading to wilting in storage;
Produce which has been bruised or cut loses water and is easily invaded by spoilage pathogens
during storage;
Infected produce deteriorates rapidly, heats up, and provides a source of infection inoculum for
healthy produce;
Over-mature produce has less resistance to disease and reduced -storage potential, and in the
case of fruits such as banana and mango, may produce ethylene gas which stimulates premature
ripening and senescence throughout the store.

Field heat removal: Regardless of the type of storage facility employed, it is important to remove the 'field
heat' from the produce before bulking up the produce in a store. This field heat removal may be carried
out by temporarily stacking the produce in a shaded, cool, ventilated area. Failure to remove field heat
can result in rapid temperature rises, to possibly damaging levels, once the produce is confined in the
store.

11.4 Curing of root crops and onions
Background
One of the most important methods of reducing post-harvest losses in root crops such as Irish potato,
sweet potato, and onions, is the use of surface drying and curing processes.
Curing is a natural wound healing process which in sweet potato and Irish potato replaces and stengthens
damaged areas by forming a corky layer which protects against water loss and infection by decay
organisms.
In contrast, the curing of onions is mainly a drying process where excess moisture is removed from the
outer skin and neck of the onion. At the same time, by exposing the onion to higher temperatures the
color of the skin darkens and natural fungicidal compounds accumulate in the skin. Both processes
together ensure the formation of protecting layer which greatly reduces water loss and serves as a
physical and chemical barrier to infection.
Root Crop Curing
All root and tuber crops suffer some damage during harvest and handling so curing should be carried out
as soon as possible after harvest. Often the uncured tubers are bundled straight into sacks with damp soil
still attached to the surface and the poorly ventilated bags roughly handled and loaded into unventilated
trucks. It should not be surprising that postharvest losses are often very high.
The simple curing practice for potatoes involves firstly careful harvest (not when the soil is too wet) and
simple stacking of the produce in field crates or in small heaps, off the ground, in a shaded, sheltered and
well ventilated spot under ambient conditions. After the curing process the tubers can be washed if
necessary before packing and storage or sale.
For Irish potato the optimal curing conditions are 13° to 17° C for 7 to 10 days.
For Sweet potato the optimal curing conditions are 27°C to 33°C for 5 to 7 days.
For both Irish and sweet potato:
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•
•

•

The roots and tubers must be kept at the right temperature to stimulate skin growth, and this is
normally above ambient temperature;
The air around the roots or tubers must be moist but without free moisture on the surface - dry
air will cause injured surfaces to dry out quickly, but free moisture will allow spoilage organisms
entry into the tuber before the protective layer forms;
Skin growth needs oxygen so ventilation is needed but not too much or the produce will dry out
and temperatures are also likely to drop.

Onion Curing
Curing of onions is most conveniently performed in the field by the 'windrowing' method. Windrowing of
onions involves careful pulling or lifting of the onion bulbs at harvest and simply laying them in their places
to dry with the leaves of one row covering the bulbs of the next row in order to promote thorough drying
of the tops while protecting the bulbs from undue sunburn. The bulbs should be turned regularly to ensure
even drying and curing and should always be turned after a rain shower to make sure they are not
touching wet soil continuously. If rainfall persists, then the onions must be dried and cured on special
racks as shown in Figure 11.1 (DRYING AND CURING RACKS FOR ONIONS) which can be easily and cheaply
constructed from locally available materials. Polythene sheets should be fixed to the edge of the roof to
let down quickly in the event of heavy rain showers and removed afterwards.
Curing is considered complete when the outer scales and neck are sufficiently dry to 'rustle' when handled
and they form a tight cover over the bulb. Development of skin colour is also completed at this stage,
some 10 to 12 days after harvest.
Most onions grown in Ethiopia are not cured sufficiently before storage or marketing and post-harvest
losses due to rots and sprouting tend to be high, especially if the green necks of the bulbs are damaged
during harvest.

11.5 Onion Stringing
Onions for stringing need long, dry leaves. Make sure the onions are properly cured and dry before tying
into strings.
Step1. Knot together the ends of a 1.5 metre length of string and
hang the resulting loop from a hook. Weave the first onion through
the loop as shown in the figure on the right.

Step 2. Use the leaves of the second onion to weave in and out of
the string, as shown in the figure on the left below. The weaving
must be tight and the second
onion should finally rest on the
first onion.
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Step 3. One by one add onions to the original two on the
string, weaving first from left to right. As the bunch grows,
check to see that the bunch is well-balanced.
When you finish, hang up the string in a cool, dry and airy
place permanently out of the light, to avoid sprouting of the
onions during storage, and the onions should keep for
several months. Do not hang the onion strings in the same
room as the cooking fire as they will get too warm. Farmers
usually find that hanging the onion strings from the rafters,
as shown in the photo below, works well.

When you need to use the
onions, always take them from the top of the string, otherwise the
string can become unravelled.

Fig. 11.1 traditional onion curing and storing rack

11.6 Onion and Potato Bagging
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Onions and potatoes can also be stored in the home or outbuildings but they must be well cured and
properly sorted before storage. There should not be any open wounds or infected tissue in any of the
stored bulbs and tubers – damaged produce should be consumed as soon as possible. Very small bulbs or
tubers are best eaten soon after harvest rather than stored.
Smaller potato tubers tend to have shorter storage life
because they have smaller starch reserves, and potatoes
should be size-graded so that equal sized tubers are kept
together in storage. Damaged and infected produce will
allow for spread of infection across all the stored produce
(see photograph, right) and lead to increased postharvest
losses. Produce should not be stored in mixed lots, so
potatoes and onions must be stored separately
In Ethiopia, it is
common practice to simply store potatoes on the floor in shallow
piles but this takes away valuable floor space and means that the
tubers are likely to be trodden on or attacked by domestic
animals that may enter the premises. In addition, over-exposure
to light will trigger sprouting of tubers – thus shortening their
storage life, and greening of the tuber flesh - making them
poisonous to eat because of the solanin chemical that builds in
green potato tubers.
Potato tubers can be stored in well-ventilated racks or boxes, making sure that the produce is not stacked
to high, but for most Ethiopian farmers the simplest solution is to use very open-weave jute plastic net
sacks – see photos below.

The sacks should not be placed on bare ground inside the building, but
placed on simple wooden racks to keep them off the ground and away
the side-walls of the building – that way they will avoid damp and insect
invasion and be better ventilated.

from

11.7 Earth Clamps for Simple On-Farm Storage
Potato clamps
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In the highlands of Ethiopia, where high altitude means lower average temperatures and much lower
night-time temperatures, it is possible to store potatoes for several months, provided they have been
properly prepared and cured prior to storage. A simple and traditional earthen structure, known as a
clamp, has been used successfully by farmers all over the world to store root crops without recourse to
expensive and sophisticated refrigerated storage. The same principles apply to potato clamps as to indoor
produce storage – the produce should be harvested carefully and all damaged and infected produce
removed before curing of the potatoes prior to storage.
Clamping of potatoes should not be confused with
underground earth pits, traditionally used by Ethiopian farmers
to store grain. A potato clamp, as shown in the figure on the
left, is an over-ground structure created by first laying a bed of
dry straw on the intended storage site, careful stacking of the
clean and undamaged and uninfected tubers on the straw.
Then the pile of tubers is covered with more straw and earth
piled up around the straw to fully cover it but leaving a small
gap at the top so that the clamp can “breathe”. Small trenches
should be dug around the base of the clamp to ensure that the
whole structure remains well-drained at all times and not
affected by temporary high water table levels during rains.
Earth clamps are suitable for storage of
up to several tonnes of potatoes and can
be easily sized to accommodate different
amounts, whereby the round clamp
becomes a longer ridge-like structure.
The only difference in the design of
ridged potato clamps over round pile
clamps is that small straw filled openings
need to be left at the base of the ridge at
regular intervals to allow for additional
ventilation of the produce. The
construction of such a ridged clamp is
shown in the figure on the right.
The additional advantage of potato
ridged potato clamps is that they can be
more easily opened at one end for access
to potatoes for consumption by the
household and then the end re-built and the storage of the remainder can continue without any problems.

11.8 Ventilated storage
In the highlands of Ethiopia, where latitudes are wholly tropical, but altitude ensures that ambient
temperatures are sub-tropical or even temperate, there is some opportunity for ventilated storage of
some produce types, mainly properly cured onions, garlic, Irish and sweet potato. Ventilated storage may
allow for safe storage of these types of produce for up to several months if all the aspects of harvesting,
curing, drying and handling are properly addressed and the store itself is thoroughly clean, well ventilated
and protected from the rain, and located in a cool and shaded spot.
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Ventilated storage is ambient air storage which makes use of controlled ventilation for cooling of the
produce and maintenance of lower temperatures. It requires much lower capital investment and
operating costs than refrigerated storage and is perfectly adequate for some crops and conditions where:
•
•
•
•
•

production is being stored for local use;
the crops to be stored have a relatively long natural storage life;
regular inspection is possible to remove spoilage centres;
there is a significant difference between day and night temperatures, for example at altitudes
above 1000 meters and most temperate latitudes;
storage periods are relatively short.

The figure on the right
illustrates a ventilated store
for use by small farmers and
built from readily available
local materials such as dried
grasses thatched into the walls
and a thatched roof to make it
rain-proof. The store may be
used for onions, garlic, yams
and sweet potato. The vented
store should ideally be shaded,
for example by being built
under the shade of a large
tree, to keep the temperature
inside the store as low as
possible.
The vented store also needs to be exposed to prevailing winds on a
regular basis to ensure it is indeed well-ventilated – see the
diagram on the left. However, ambient or ventilated storage for
most other commodities is not a practical nor an economic
proposition because spoilage rates are simply too high.

11.9 Evaporative-cooled stores
Short-term storage of fresh produce is also possible using a specially adapted form of ventilated store
known as an evaporative-cooled store. The evaporative-cooled store takes advantage of the cooling effect
of water evaporating from a porous surface to cool the air passing through. The evaporative effect is
created by constructing the side-walls of a store from wire mesh in two layers with charcoal sandwiched
in between. When clean water is trickled continuously down the side walls, the air blowing into the store
is cooled by a few degrees and the produce in the store will be slowly cooled and the air in the store kept
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at high humidity. Such stores have been tested and demonstrated in Ethiopia for several decades. The
first photograph below, taken in Ethiopia in 1985, is of a large temporary holding store for fresh green
beans prior to packing and export. The second photograph is of a demonstration store on show at
Melkassa, and was taken in mid-2017.

Evaporative-cooled store in the Awash Valley, Ethiopia. 1985

Evaporative-cooled store demonstrated at the Melkassa
Research Station, Ethiopia. 2017

Evaporative-cooled stores can be effective in cooling freshly
harvested produce by a few degrees and are mainly used as temporary holding points for fresh produce
such as leafy vegetables, green beans, and other vegetables prior to their packing and marketing.
However, they have been shown to have limited application for several reasons:
•
•

They can be relatively expensive to build and this is usually beyond the means of individual
farmers and even many farmer-groups.
The degree of cooling depends on the relative humidity of the air – at an ambient temperature of
32° C and 34% humidity, an evaporative-cooled store can get internal store air temperature down
to just 23° C – a cooling of 9° C. BUT, at an ambient temperature 21° C and 64% humidity the
cooling effect is only down to 18° C – a mere 3°C cooler, and not of much practical value in
extending postharvest life. If humidity is even higher, then the cooling effect becomes almost
worthless.
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•

•

Evaporative coolers only work slowly and can take many hours or days to cool produce down,
when simple storage in the shade and a cooling breeze can do almost the same job without the
cost and bother of constructing a special store.
Most perishable fresh produce is best harvested carefully at a cooler time of day and simply sold
and marketed as soon as possible – move it cleanly and quickly to keep postharvest losses down.

12. CEREAL AND GRAIN LEGUME STORAGE
12.1 Why do you store grains?
Grains are stored on the farm for two reasons:
•
•

To be self-sufficient and keep a supply of food until the next harvest season;
To hold some of the grain harvest back for two to three months, or more, until after the
harvest season, usually waiting for the price to rise.

Whatever the reason for storage it is important that only well-dried and properly sorted intact grains are
stored. There is no point in storing damaged or contaminated grains as they may spoil the rest.

12.2 Where to Store?
Stored grain needs to be stored in a weatherproof and shaded site (to prevent the grain heating up) which
is away from livestock and casual feeding by animals, and not in a main traffic area that would interfere
with regular farm activities. It also needs to be conveniently located close to the main dwelling and
cooking area and it needs to be secure from rodent attack and theft. Most small farmers in Ethiopia
sensibly choose to store their grain inside their dwelling or in an immediately adjacent building.

12.3 Types of grain stores
Many Ethiopian farmers are still using traditional underground pits to store their grain in for their own
subsistence use outside the house, but these cannot be recommended because the quality deterioration
during storage is too high, with ample risks of pest damage, microbial infestation and mycotoxin residue
development. In addition, underground pits are seldom rodent proof and if there are intermittent rains
then soil moisture can penetrate the pit and the grain may start sprouting. In the worst cases the grain pit
itself could get washed away.
The table below (Table 12.1) summarizes the recommended options for grain storage, giving the expected
storage period, pest control needs (if any), and relative weaknesses compared with the other methods. It
is a given that the grain will have been dried to the recommended moisture level – 13 to 14% for cereal
grains and 12 % for grain legumes.
It is recommended that if the farmer and family are going to consume or sell the grain within six weeks of
the harvest date then they do not need to use heretically sealed containers such as PICS bags or metal
silos and can simply use regular open-weave polypropylene sacks. In addition, short-term storage of grain
for up to six weeks means that the grain does not need treatment with insecticidal dusts.
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Table 12.1: Characteristics of different grain store types
Store Type
Open-weave sacks (polypropylene,
jute or sisal)

Improved mud silos

Metal silos

Storage
Period
0 to 6
months

Pest Control

Weaknesses

If > 3 months storage
then ad-mix
insecticide prior to
filling container.

If used > 6 months grain
quality declines more rapidly
than in other store types.

3 to 12
months

Shorter than metal silos but
very heavy and they cannot
be moved without breaking
them up. Accordingly they
occupy a fixed space yearround whether they are full
of grain or empty.

Make hermetic using
lighted
candle
method.
If not made hermetic
then need to ad-mix
grain with pesticide
before loading silo

Extra sealing is required to
make metal silos hermetic
and then there should be no
access for two weeks if they
are to be effective. In
practice this means that
regular daily access for
consumption is not feasible.
Metal silos are often too
large for small farmer needs
because he will have several
different types of cereal and
grain legume to store for
subsistence needs.
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Hermetic bags. eg. PICS bags

Hermetic seal kills
pests
without
recourse to pesticides
and therefore there
are
no
harmful
pesticide residues.

Susceptible to sharp objects
and rodent attack. There
should be no access for the
first 6 weeks of storage to
ensure the hermetic effect is
complete.

12.4 Preparations to store grains
Good storage conditions that will ensure successful home storage of grain require careful planning and
preparation:
•
•

planning to ensure that all necessary materials are obtained and in place ahead of time;
and, preparation to ensure that storage risks are minimised.

Under all circumstances the location designated for storage
must be first cleaned thoroughly to ensure that any residues
from previous crops removed and that the area is clean
&free of insects and harmful materials such as rodent
droppings and dust. The storage area should then be kept
& clean.

dry

If the farmer is to re-cycle used bags, especially polypropylene, or jute, or
sisal bags, then they should be thoroughly cleaned by dipping into boiling
water for several minutes to ensure that there are no living insects or
insect eggs present and that all extraneous material from the previous crop
such as chaff or left-over grains are removed

12.5 How to apply of pesticides
When farmers will be using ordinary open-weave sacks or mud silos then they will need to incorporate
some form of pesticide with the grain before storage so as to prevent insects such as borers and bruchids
from infesting and damaging the grain. Just because the grain looks clean does not mean that It is free of
all live insects and insect eggs. Insecticide dusts are recommended for use by smallholder farmers
because:
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•
•
•

They contain a low concentration of insecticide making them safer to handle than more
concentrated insecticides;
They are ready to use without any preliminary dilution or other preparation;
They are supplied in small packets making the calculation of doses easier and the overall cost
kept down to just meet the individual farmer’s needs.

The instructions on the packet should tell you how much powder to use and for which grain the insecticide
is suitable (cereal grain, grain pulses, or both) and give you a guide as to how long the insecticide will be
effective.
Be sure to cover your body with long trousers, long-sleeved shirt, and shoes before mixing so that there
is a reduced risk of insecticide absorption through the skin. Physical work in ambient conditions will lead
to sweating and sweat-covered skin provides a greater risk for absorption of chemical into the skin. A

damp cloth placed across the mouth and nose will prevent inhalation of almost all airborne
insecticide dust during the mixing process.

Admixing an insecticidal dust with grain is a simple process (shown in the graphics below) that involves
treating one or two bag quantities at a time. The grain needs to be removed from the sack or other
container and placed in a heap on a clean dry surface. The insecticide is added to the grain in the
prescribed dosage and then it is repeatedly mixed in with the grain using a shovel or paddle. After
admixing the grain with insecticide it is then ready to be placed into the storage system selected, be it
sacks or silos.

Mixing it in

Adding the insecticide

12.6 How to make sacks off the ground and away from walls?
Most smallholder families in Ethiopia live in simple wooden lathe and mud huts with either a thatched or
a sheet metal roof, and a pounded mud floor. The house has no foundations or damp-proof course so it
is inevitable that when the local water table rises during heavy rains that moisture climbs up through the
floor and into the lower walls of the building. Inside the dwelling and any outbuildings, space is limited
and there is a noted tendency for farmers to simply stack any sacks or containers of stored grain up against
the walls and onto the bare floor. This means that the stored grains will be susceptible to moisture
absorption. At the same time, any insects or rodents that may gain entry to the building will have direct
access to the stored grain in sacks. If hermetic sacks, such as the PICS or GrainPro sacks, then moisture
entry into the sack is not normally a problem but rodent entry is still possible.
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It is recommended that farmers strive to keep sacks of stored grain
off the floor and away from the walls and this can be best achieved
through installation of properly prepared wooden racks on which
the grain can be stacked evenly and will prevent damage to the
sacks and ensure the best possible result for the stored grain.

Ideally, the racks can be constructed from sawn wood lathes
nailed together, (see graphic on the right) or existing
transport pallets can be recycled and used directly. The rack
needs to be about 1 to 1.5 metres square to accommodate
piled sacks in a uniform way.

the

Racks and pallets can also be made from other materials such as
ordinary wooden lathes or round wood poles providing that they are of uniform thickness greater than
2.5 cm. The lathes or poles simply need to be laid out in parallel on the floor leaving gaps of 3 to 4 cm
apart and then a cross layer of the same-sized poles placed on top (as shown in the graphic below).

Alternatively, farmers can create their own more permanent
wooden racks by preparing 3 to 4 cm wooden stakes with a
uniform branching point and driving them into the mud floor
of the building in a grid pattern so that the branching point of
each stake is at the same height above the floor. Longer
wooden lathes or poles are then tied onto the upright stakes
to create a fixed rack or pallet on which to stow the stored
grain sacks (the graphic on the right clearly shows the
process).

12.7 How to use Hermetic Bags
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Cereals and grain legumes may be infested with insect pests, especially borers and bruchid pests, before
the harvest or during the threshing and sorting stage, but the eggs and immature insects are not visible.
Thorough drying of the grain before bagging and storage or marketing can help to reduce insect
infestation but does not prevent insect damage on its own. If the grains are to be marketed or stored
safely with no damage from the insect pests then farmers can either treat the grain with pesticides before
bagging of the grain, which inevitably leads to insecticide residue in the grain that might be harmful to
consumers, or is not preferred by buyers and consumers.
An alternative to pesticide treatment is hermetic storage of the grain in containers that prevent air getting
to the grain and to the insect eggs and immature insects that may infest the grain, and suffocates the
pests without leaving any harmful residues. Hermetic containers can be metal silos or specially
manufactured hermetic bags, such as the GrainPro or PCS bags. The metal silos are a more expensive
investment for farmers, but they do contain more grain and are fully resistant to rodent damage. The
hermetic bags are clearly more portable than the metal silos and, because there are now competing local
manufacturers and suppliers of these bags in Ethiopia, they are now an affordable option for farmers.
The triple layer hermetic bag consists of two polyethylene plastic bags that are 80 microns thick (inner
bags) and a third outer bag of woven polypropylene to make the bag easier to handle and protects the
inner bags from inadvertent damage. The PICS bag is currently the more-developed technology and is now
in wide-spread use across Eastern Africa. The PICS bag has been proven, provided it is used carefully, to
be re-usable for up to three seasons, which further drives down the cost. However, GrainPro sacks and
the independently manufactured copies appear to also allow some re-use and farmers can decide which
bag they prefer based on availability, price and experience.
Hermetic bags currently in use in Ethiopia are clearly a superior container to the traditional woven plastic
sack, and when used properly will eliminate insect damage and subsequent postharvest losses, but they
are not yet resistant to rodent damage. If farmers choose to use the hermetic bags they must still make
sure that rodents are controlled, and hopefully eliminated from the store location.
The following graphics demonstrate the recommended way for farmer’s to use the PICS bag, but it is the
same procedure for other similar hermetic bags currently on sale in Ethiopia:

STEP 1
First ensure that your grain is completely dry and clean.
Remove all the debris from the grain so that it cannot penetrate the
hermetic bag during storage and transport.
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STEP 2
Take the three PICS bags apart and check the two inner bags
for holes and tears, by inflating (by blowing) them briefly and testing
that they are airtight. Do not use a bag that has holes or tears as it will
not provide a fully hermetic seal.

STEP 3 Gently pour a small amount of grain into the first inner
(polythene) bag as this will greatly assist putting this first bag into the
second polythene bag.
STEP 4 Insert the first polythene bag into the second polythene bag and
make sure there are no air pockets trapped at the bottom between the two
bags.

STEP 5 Insert the two polythene bags into the woven
polypropylene outer bag.

STEP 6 Fold over the top of the woven polypropylene outer bag, and then
do the same for the second polythene inner bag.

STEP 7 Fill the innermost polythene bag with grain until it is
nearly full. At this point the sack should hold a minimum of 50 kg
grain. If you plan to market the grain later on then now is the
to weigh the filled sack, but before sealing the sacks. If you have
check-weigh scales, or some kind of counter-balance, adjust the

of
time
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amount of grain in the sack until the target weight is achieved. Buyers often prescribe a
minimum weight for the traditional woven polypropylene sacks to include a small over-weight
to account for possible moisture loss in storage. In practice there should be very little weight
loss from the PICS bags because of the hermetic seal which provides a barrier to both moisture
and gas exchange.
STEP 8 When properly filled to the usual 50 kg amount, the design of the
PICS bag allows sufficient bag ends for proper tying. Pack the grain tightly
remove any air.

to

STEP 9
Twist the lip of the first bag tightly shut and then fold it
over and secure it firmly with heavy string at the base of the twist and
over the folded twist as shown in the diagram.
STEP 10
Pull the middle bag up over the first inner bag, so that
completely surrounds it. Then, twist the lip shut, fold over and tie as
before. Then follow the same step for the outer bag.

it

The tying steps can be summarized as shown in the graphic below:

The PICS bag full of grain can now be placed into storage in the homestead or secure outbuildings.
It is important to remember that insect-proof and hermetic stored bags should not be placed in
the sunshine or close to the household cooking fire. This kind of exposure allows one side of the
bag to get hotter than the other and a build-up of condensation on the cooler side. In any grain
storage, condensation build-up inevitably leads to spoilage of the grain.

12.8 How to use Hermetic Metal Silo
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Metal silos, manufactured from galvanized steel is
effective moisture and insect-proof store for grains.
They are made locally by workshops in Ethiopia and
come in a variety of sizes designed to meet individual
farmers’ needs or the needs of organized farmer groups
that choose to aggregate and store their grain together.
Metal silos are very durable,
and provided they are
placed on racks to keep them off of damp bare earth floors, resistant
to rusting and corrosion. They are however a major cost item that is
probably beyond the capacity of most smallholder farmers and their
size may prevent them being installed in most dwelling houses
because of narrow doorways. Once they are in place they tend to be
kept in the same place and thus can permanently take up space just
as much as the farmer-constructed mud silos do. The other
challenging factor for most farmers is the fact that they need to store
several types of grain on the homestead and there is simply not
enough room in the dwelling or outbuildings house to keep a metal
silo for each grain type.
Metal silos are insect proof but can be made hermetic
by tying rubber strips from a used bicycle inner tube
very tightly around the grain input port (at the top of
the silo) and the grain output port (at the base of the
silo). The natural respiration of the grain will slowly
absorb the available oxygen and the released carbon
dioxide will create a hermetic state that prevents the
survival of insect pests and most fungal infections.
However, it is possible to accelerate the hermetic
proces by placing a lighted short-stub of a candle on a
small plate into the top of the silo and the plate
resting on the top of the grain. When the lid of the silo
is carefully secured so as not to extinguish the candle
flame then the combustion process of the candle
flame will rapidly consume all the oxygen and give off
carbon dioxide and a hermetic condition created. The candle flame will be extinguished when
the oxygen level in the silo gets too low to support its burning and the candle can remain n the
silo for the duration of the storage.
Metal silos should not be opened for at least two weeks after the hermetic seal is created so that
all the insect pests and insect eggs are killed. As soon as the hermetic seal is broken, for example
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to access the stored grain for subsistence consumption, fresh air will get back into the silo and
the hermetic condition will need to be re-created.

13. SIMPLE PROCESSING OF FRESH PRODUCE
Household Processing vs Group Processing
Tomato paste production
Solar-drying of tomatoes, fruits, and nutritious leafy vegetables – types of dryers (mention only of solar
furnaces at this time as still to be properly tested and proven)
On-Farm storage of processed foods – need for suitable containers. Traditional practices and potential
dangers.
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