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Abstract

Horticulture is an important sector for economic development and contributes to increased food security and
improves the populations’ nutrition intake. Horticultural crop production (Fruits and vegetables) is the major
farming system in Ethiopia and farmers have willingness to increase the production and productivity of the crops
even if it faces many challenges. Post-harvest loss of fruit and vegetable is a matter of great economic concern in
agriculture. The post-harvest systems covers the period that runs from exit from the field to the time of
consumption.Post-harvest loss is a global problem but it is more critical in developing countries. Post-harvest
losses can be measured both by quality and quantity losses. The major causes of postharvest losses can be
classified into direct /primary (technical origin) and indirect /secondary (socio economic origin) factors. The
extent of post-harvest losses may vary greatly among commodities, production areas, season of production, ways
of handling, management practices and economic status of the country. Higher postharvest losses not only
reduce the availability of fruits but also result in increase in per unit prices of the produce and thus limit the
accessibility by the majority of community segments. Postharvest loss as going beyond the loss of the actual
crop to include loss in the environment, resources, labor needed to produce the crop and livelihood of the
individual involved in the production process. Currently there are limited literatures to review on the cause and
extent of postharvest losses of fresh fruits and vegetables in Ethiopia due to lack of research works in the sector.
Although, it is possible to estimate such losses of perishables horticultural commodity based on the annual
production data of central statistics agency (CSA) and food and agricultural organization of the country (FAO).
It is too early to reach a conclusive recommendation since limited study were conducted in the cause and extent
of post harvest loss of horticultural crops. Hence, further studies must be done to tackle the cause of post harvest
loss of horticultural crops and minimized the extent of post harvest losses.
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1. INTRODUCTION

Agriculture is the mainstay of the Ethiopian economy (Bezabih and Hadera, 2007). Promote agricultural growth
is a great demand for investment and progress in the agricultural sector in many developing countries (FAO et al.,
2012). The country has highly diversified agro-ecological conditions for the production of different horticultural
crops (Bekele, 1989; Milaku, 2005). More than 85% of its population is engaged in small scale agricultural
production as a major means of livelihood. Food availability and accessibility can be increased by increasing
production, improving distribution and reducing the losses. Horticulture can be an important sector for economic
development and contribute to increased food security and improve the populations’ nutrition intake
(Weinberger & Lumpkin, 2007). Thus, reduction of post-harvest food losses is a critical component of ensuring
future global food security (Bekele, 1989; Fantahun and Williamson, 2001; Bezabih and Hadera, 2007).

The Ministry of Agriculture and Rural Development focuses on market-led agricultural development and
the government pledges support to market integration and agro enterprise development. Horticultural crop
production in Ethiopia faces many challenges even though farmers have willingness to increase the production
and productivity of the crops. Farmers needed to produce potential fruits and vegetables for marketing and
consumption, i.e., they have a comparative advantage to generate income as compared to cereals, and especially
vegetables require shorter time for production, yield more and generate higher income and the market outlet
(MOARD, 2005).

Horticultural crop production (Fruits and vegetables) is the major farming system in Ethiopia. Particularly
in the areas where water is available and farmers have access to the market, horticultural production is used as a
major source of cash income for households (Milaku, 2005; Bezabih and Hadera, 2007).The growing population
and changing dietary habits in Ethiopia has increased the demand for fruit (ILRI, 2011). Especially the demand
for local fruits with higher quality for example mango, papaya, apple and avocado are emerging. The fruit
production in Ethiopia has been small compared to other crops but it has a great potential since the climate is
favorable for many horticulture products (Berhel ef al., 2010).

Post-harvest loss of fruit and vegetable is a matter of great economic concern in agriculture. Post-harvest



Journal of Biology, Agriculture and Healthcare www.iiste.org
ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) lLi,!
Vol.11, No.13, 2021 “s E

loss could be rightly stated as the qualitative and quantitative loss of horticultural produce at any moment along
the post harvest chain which includes the change in the edibility and wholesomeness i.e. quality of the produce
finally preventing its consumption. Produce after harvesting undergoes a number of processes including
transportation and storage under various environmental conditions. Although time, human force, money and
material resources are devoted for planting, irrigation, fertilizer application, 50% of horticultural crops are lost
due to post-harvest loss (Saxena ef al., 1990; Alazar, 2007; Olayemi et al., 2010).

Post-harvest losses vary greatly across commodity types, with production areas and the season of
production. Even though only limited studies were conducted in Ethiopia, post-harvest loss and quality
deterioration of horticultural crops are estimated to be 25-40% (Yohannes, 1989). Post-harvest losses and
quality deterioration of horticultural crops are mostly caused by pests, microbial infection, mechanical injury,
physical damage ; physiological and environmental conditions such as heat, drought and inappropriate post-
harvest handling (Alazar, 2007; Idah ef al., 2007; Olayemi et al., 2010).

In Ethiopia limited post-harvest improvement studies have been carried out for locally consumed fruits and
vegetables. However, fruits such as banana, orange, lemon, pineapple and avocado which exported to Arab
countries, Europe and the Middle East are relatively graded and packaged appropriately (Alazar, 2007). That is
why we are initiating to review the causes which accelerated post harvest losses of fruits and vegetables, and
review the extent of post harvest losses of fruits and vegetables.

2. MAIN BODY
2.1. Post harvest system
Post-harvest system encompasses from crop harvesting to crop consumption with minimum loss and maximum
efficiency and return for all involved (Hodges et al., 2011). The post-harvest covers the period that runs from
exit from the field to the time of culinary preparation (Kumar and Pankaj, 2010). Standards of quality and
consumer preferences and purchasing power vary greatly among countries and cultures.

Post-harvest loss exists throughout the supply chain, from initial agricultural production down to final
household consumption (Parfitt et al., 2010). Losses of food from farm to table through storage, transport,
processing, and retail and in consumption are huge (Lundq vist et al., 2008).

2.2. Post Harvest Losses

Post-harvest loss is a global problem but it is more critical in developing countries. The food and agriculture
organization of the United Nations (FAO) estimated that one-third of food produced for human consumption is
wasted globally, which is equivalent to about 1.3 billion tons per year. This loss leads to significant losses of
resource used for food production (FAO, 2011).

Food loss and food waste add to contribute to post-harvest food losses. Food loss refers to total
modification or decrease of food quantity or quality which makes it unfit for human consumption (Kumar and
Pankaj, 2010). Food waste can occur at different points of food supply chain (Parfitt et al., 2010) and this
wastage has a significant influence on the sub-Saharan African situation of food shortage (Affognon et al., 2015).
Food waste is a subset or sub-category of the food losses (Buzby and Hyman, 2012). According to Buzby et a/
(2010) food waste occurs when the an edible food item goes unutilized as a result of human action or inaction
and is often the result of a decision made farm-to-fork by businesses, governments and farmers (Buzby and
Hyman, 2012).

Food waste and loss is an enormous issue worldwide. The world is producing more than enough food, but a
vast amount of what is produced gets lost on its way from the field to the consumer. That is why Hunger is still
one of the most urgent development challenges in different developing countries (FAO, 2015). According to the
FAO, about 45% of fruits and vegetables and 45% of roots and tubers are lost or wasted. This is one-third of all
the food produced for human consumption (FAO, 2015).

Postharvest losses originate from poor pre-harvest and postharvest management including bad handling of
produce during transit and storage leading to partial or total loss in produce quality (Prusky, 2011). A post-
harvest loss in general term for all the wastage of resources that goes into the production and harvesting of farm
produce. These include the land, labor, energy, water, fertilizer and so forth (James and Zikankuba, 2017). Post
harvest loss implies the decrease in the quantity or quality of products which was originally intended for human
consumption (FAO, 2013).

Post harvest loss of agricultural produce is experienced in Ethiopia, most especially in perishable
horticultural commodities like fruits (mango, banana, papaya, avocado, sweet orange etc.) and vegetables
(Getachew, 2004). Post-harvest losses can be measured both by quality and quantity losses. The losses can
appear in any stage during activities such as harvesting, transportation, packing, at market places and preparation
before consumption (Ladaniya, 2008; Adeoye, 2009; Kader, 2009; Buyukbay e? al., 2010; Hodges et al., 2011;
Buzby et al, 2014; Kiaya, 2014). It occurs throughout the value chain, as a result of technical and managerial
setbacks during harvest, handling, transportation, processing, packaging, marketing and distribution (FAO, 2016).
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2.2.1. Quantitative post harvest loss

Quantitative food loss can be defined as reduction in weight of edible horticultural commodity available for
human consumption. Quantitative post harvest loss or physical loss as measured by decreased weight or volume
(Rahman, 2007; Kumar and Pankaj, 2010; Hodges et al., 2011; Buzby and Hyman, 2012; FAO, 2014). The
quantitative loss is come due to factors such as spillage, consumption by pest and also due to physical changes in
temperature, moisture content and chemical changes (FAO, 1980).

The quantitative losses are very easy to measure in developing countries (Humble and Reneby, 2014). Post-
harvest losses reduce the availability of food crops and income that could be generated by selling these products,
thus in terms of quantity are linked to food security (FAO and World Bank, 2010; Jayne ef al., 2010; Hodges et
al., 2011).

2.2.2. Qualitative post harvest loss

Qualitative losses such as loss in edibility, nutritional quality, caloric value, wholesomeness and consumer
acceptability (unwanted changes to taste, color, texture or cosmetic features of food) of the horticultural
commodity and much more difficult to assess and measure (Dorais et al.,, 2001; Kader & Rolle, 2004; Kader,
2005; Adeoye, 2009; Buyukbay et al., 2010; Buyukbay et al., 2011; Buzby and Hyman, 2012). The qualitative
losses are related directly to nutritional and they are more complicated to measure (Humble and Reneby, 2014).
Qualitative deterioration makes food unfit for human consumption and is rejected, this contributes to post
harvest food loss (Kumar and Pankaj, 2010; Aulakh et al, 2013). In most cases, the quality deterioration goes
along with a significant loss of nutritional value, which might affect the health and nutrition status of the whole
community (FAO, 2014).

Standards of quality, consumer preferences and purchasing power vary greatly among countries and
cultures. Elimination of defects from a given commodity before marketing is much less rigorous in developing
countries than in developed countries. However, this is good, because appearance quality is often
overemphasized in developed countries (Kader, 2005). Downgrade in quality leads to loss of consumer appeal
and is frequently described by comparison with locally accepted standards for premium quality such as
appearance, taste, texture and nutritional value. Losses in quality are evidenced by a decrease in the market value
of the product (Flores, 2000; Ward & Jeffries, 2000; Ladaniya, 2008).

2.3. Cause of post harvest loss

The main causes of post-harvest loss in low-income countries may include improper methods of harvesting,
insufficient cooling and unhygienic handling, lack of infrastructure, poor technical and managerial skill in food
production and post-harvest (FAO, 2011). Bio-deterioration by microorganisms, insects, rodents or birds is also
the main causes of postharvest loss in low-income countries (Hodges et al., 2011).

Ethiopia’s Ministry of Agriculture is striving to minimize post-harvest losses, which is causing up to 20—
40% losses in sub-Saharan Africa (FAO, 2009). The post-harvest losses of perishable (vegetable and fruits) food
crops amounted to be about 30% (Fekadu and Dandena , 2006) due to the presence of high moisture content (65—
95%), insect infestation and damage during post-harvest handling techniques (packaging, storage and
transportation).

According to FAO (2011) factors affecting post-harvest food losses of perishables vary widely from place
to place and become more and more complex as systems of marketing become more complex. The major causes
of postharvest losses can be classified into direct /primary (technical origin) and indirect /secondary (socio
economic origin) factors (Kader, 2002, Yahaya, 2005; Sudheer & Indira, 2007). Both the primary and secondary
factors contribute to physiological deterioration, mechanical damage, biological and microbiological spoilage of
fresh produce.

2.3.1. Primary Causes of post harvest Loss

A large portion of fresh fruits were lost worldwide after harvest. The main causes physiological (wilting,
shriveling and chilling injury, etc), microbiological (decay due to fungi and Bacteria) biological, physical and
mechanical injury. These causes, in most instances can be interrelated, that is mechanical injury can lead to
postharvest decay in many cases (FAO, 1989; Kader, 2005; Adeoye et al., 2009; Olayemi et al., 2010; Parfitt et
al.,2010; Madrid, 2011; Ukech and Chiejina , 2012; Etebu et al., 2013).

Causes of post harvest loss can complement each other. Damage caused by microorganisms is nearly
always preceded by mechanical, chemical and or physical damage, thereby weakening the products natural
defences, and facilitating attacks by fungi, bacteria or moulds (Sudheer & Indira, 2007). In addition, other factors
such as insect and mite injury, diseases which occur due to non-infectious pathogens and pathological rots also
cause post-harvest loss of fruits and vegetables. However, among the causes, the pathological rots are the most
serious which is followed by mechanical injury. Pathological rots in combination with mechanical damage cause
serious damage to the perishables (Elias et al, 2010; FAO, 2011).

Environmental factors such as temperature, relative humidity and oxygen concentration most especially
during storage are also greatly responsible for damage by microorganisms. Environmental conditions such as
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temperature and humidity are responsible for rendering fruits and vegetables susceptible for pathological attacks.
However, the loss of fruits and vegetables due to physiological and biochemical damage are closely interrelated
(Sani and Alao, 2006).

2.3.1.1. Microbiological

Fruits and vegetable are susceptible to attack by bacteria and fungi, with pathological breakdown. All living
material is subject to attack by parasites. Fresh produce can become infected before or after harvest by diseases
widespread in the air, soil and water. Some disease is able to penetrate the unbroken skin of produce; others
require an injury in order to cause infection. The succulent nature of fruits and vegetables makes them easily
invaded by these organisms. Damage so produced is probably the major cause of loss of fresh produce (Elias et
al., 2010; Kader, 2013).

Serious post-harvest diseases occur rapidly and may cause extensive break down of the commodity,
sometimes spoiling the entire package (Mustapha and Yahaya, 2006; Yahaya , 2005). Pathological losses of
vegetables are caused by microbial spoilage organisms such as fungi, bacteria, yeasts and moulds. Common rot
causing pathogens in vegetables include fungal strains such as Alternaria, Botrytis, Diplodia, Rhizopus,
Pencillium and Fusarium, and among bacteria Erwinia and Pseudomonas cause extensive damage (Sudheer &
Indira, 2007). Vegetables are prone to disease attack by these organisms because of their succulent nature.
Postharvest diseases can cause extensive commodity breakdown, sometimes spoiling the entire package. At least
36% of vegetable decay is caused by soft rot bacteria, with the source of infection coming from the field; surface
cleaning water, contact equipment and storage environment. High temperature and relative humidity favour the
development of post-harvest decay organisms. While more acidic tissue is generally attacked by fungi, but fruits
and vegetables with pH above 4.5 are mainly attacked by bacteria (Opadokun, 1987, Kader, 2002; Sudheer &
Indira, 2007; Munhuweyi, 2012).

Horticultural crops can be contaminated with different microbial and chemical contaminants during
handling and processing and become source for infectious microorganisms (Moy, 2005).

In apple and tomato fruits, Penicillium expansum infection caused reduction in the molecular mass of
hemicelluloses, particularly in the xyloglucan. Hemicellulose degradation is important in the breakdown of plant
cell walls, causing cell wall loosening, increasing the porosity of the wall and allowing the colonization of plant
tissue (Miedes and Lorences, 2004).

The harvested produce might have been infected by pathogens prior to harvest under field conditions or
they may get infected during transit and storage. Fruits and vegetables are considered as the perishable crops
than cereal, pulses and oil seed crops. Most of them contain very high moisture content (about 70 - 95 % water),
usually have large size (5g-5kg), exhibit higher respiration rate and usually have soft texture, which favour the
growth and development of several diseases by the microorganisms between harvest and consumption (Sharma
et al., 2009).

Agrios (2005) reported that Postharvest diseases destroy 10 to 30% of the total yield of crops, and in some
perishable crops, especially in developing countries, they destroy more than 30% of the crop yields. Especially
fresh fruits and vegetables are highly perishable products; and their quality is affected by postharvest handling,
transportation, storage and marketing. The improper handling, packaging, storage and transportation may result
in decay and production of microorganisms which become activated because of the changing physiological state
of the fruits and vegetables (Wilson ef al., 1995).

Fungi are the most important and prevalent pathogens infecting a wide range of host plants and causing
destructive and economically important losses of most fresh fruits and vegetables during storage and
transportation (Sommer, 1985). Fruit, due to their low pH, higher moisture content and nutrient composition are
very susceptible to attack by pathogenic fungi, which in addition to causing rots may also make them unfit for
consumption by producing mycotoxins (Moss, 2002).

Micro organisms cause damage to stored foods (e.g., fungi and bacteria). Micro-organisms usually directly
consume small amount of the food but they damage the food to the point that it becomes unacceptable because of
rotting or other defects. Toxic substances elaborated by molds (known as mycotoxins), cause some food to be
condemned and hence lost. The best known mycotoxins is aflatoxin (a liver carcinogen), which is produced by
the mold Aspergillus flavus. Another mycotoxin which is found in some processed apple and pear products is
patulin, which is formed in the apple by rotting organisms such as Penicillium expansum which infect fresh
apples before they are processed (Atanda et al.,2011).
2.3.1.2. Mechanical
Fresh horticultural crops are diverse in morphological structure (roots, stems, leaves, flowers, fruits, and so on),
composition and general physiology. Thus, commodity requirements and recommendations for maximum
postharvest life vary among the commodities. All fresh horticultural crops are high in water content and are
subject to desiccation (wilting, shriveling) and mechanical injury (Kader, 2013). Mechanical factors refer to the
inappropriate ways of handling agricultural produce in all the value chain processes from harvesting to storage. It
involves the ruthless, careless and rough handling of the agricultural produce (Antunes ef al., 2007) that exposes
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them to all forms of bruises, cracks, peeling of surfaces and soft textures of fruits, cuts, abrasion, scuffing and
scratches (Munhuweyi, 2012).

Mechanical damage can arise from careless and rough handling of vegetables during harvesting, packaging,
transportation and storage. There are three main mechanisms of mechanical damage, namely vibration,
compression and impact damage. These cause mechanical damage in the form of cuts, cracks, punctures,
abrasion, scuffing and scratches with the predominant form being bruising (the darkened area visible under the
surface of many vegetables and fruits). Bruising usually detracts from the quality of the produce and may decay
(Bollen, 2006; Opara, 2007). Bruising renders the product unsalable to most people although it usually has minor
effect upon the nutritional value. The skin of horticultural products is an effective barrier to most of the
opportunistic bacteria and fungi that cause rotting of the tissues. Breaking of the skin also stimulates
physiological deterioration and dehydration (Atanda, 2011).

Mechanically injured vegetable produce is more prone to attack by biological and microbiological spoilage
organisms. Presence of mechanical injuries increases rate of water loss and respiration activity in vegetables,
leading to rapid quality loss. Processing operations such as spoilage, abrasion, excessive polishing, peeling and
trimming can also add to loss of commodity (Hodges et al., 2011). Mechanical damage during harvest can
become a serious problem by disposing it to decay, increasing water loss, respiration and ethylene production
rates which leads to deterioration (Kitinoja and Kader, 2002). Bruises and other mechanical damage affect
appearance and also provide entrance to decaying organisms (Olayemi et al., 2010). Some insects and birds are
also responsible for the mechanical injury in fruits and vegetables (Mustapha and Yahaya, 2006; Hayatu, 2000)
and (Yahaya , 2005). Mechanical injuries like bruising and cracking of fruits and vegetables render them more
prone to attack by organisms and this increase the rate of water loss and gaseous exchange. Several tines the
damage cause by mechanical injury on fruits and vegetables as a result of pressure thrust during transportation,
though many times invisible, but causes rupturing of inner tissues and cells. Such produce is degraded faster
during the natural ageing process (Mustapha and Yahaya, 2006 ; Yahaya, 2005).

Cuts of horticultural commodity can lead to transitory increases in respiration, ethylene production,
phenolics production and cell deterioration near the site of the injury (Toivonen, 2005). Several factors influence
the severity and size of bruising sustained, including maturity, water potential, tissue or cellular orientation at the
site of the injury, shape of the object imparting the bruising force, energy and angle of the impact and
temperature of the product (Miller, 2003 ). Cut type injuries are most prevalent in fresh-cut fruit and vegetable
products. Severity of response to cutting is very much dependant on the tissue characteristics, maturity of the
fruit or vegetable of interest, the coarseness or sharpness of the cutting implement used and the temperature at
which the cutting is done. Cut injuries occur during the harvest process of many fruits and vegetables and is
more severe in machine-harvested as compared with hand-harvested product.

Mechanical injuries make agricultural produce susceptible to the pathological and microbial attack through
the openings in the skins of the produce, speeding up the rotting of the fruit, crop and vegetable tissues (Atanda
et al., 2011).This undesirable condition generally leads to considerable quality post-harvest losses (Arah et al.,
2016).Sadly, mechanical injuries on agricultural produce intensify the rate of water loss as well as respiration
activities resulting in a greater percentage of quality loss (Munhuweyi, 2012). Bruising, cutting' excessive
pooling or trimming of horticultural products are causes of loss (Atanda et al., 2011).

The possibility of fruits and vegetables encountering maximum mechanical damage during harvesting is
very possible if proper means of picking, harvesting, transportation, storage, marketing etc. are not adopted.
Therefore, large quantity of tuber and root crops like potato, sweet potato, etc. becomes damage and
unmarketable due to faulty methods of digging them out. In fruits like apples, it has soft outer skins which are
highly prone to mechanical damage (Mustapha and Yahaya, 2006; Yahaya , 2005). Gradually the quality of
fruits deteriorates and the produce fetches lesser prices in the market. The processing operations such as spillage,
abrasion, excessive polishing, peeling and trimming add to the loss of commodity. Puncturing of the containers
and defective seals also leads to mechanical injury (Mustapha and Yahaya, 2006; Yahaya , 2005).
2.3.1.3. Physiological
Natural respiratory losses which occur in all living organisms account for a significant level of weight loss and
moreover, the process generates heat. Certain physiological changes which occur during ripening, senescence,
including wilting and termination of dormancy (e.g., sprouting) may increase the susceptibility of the commodity
to mechanical damage or infection by pathogens ( Nunes, 2008; Babita & Kiranmayi, 2010). A reduction in
nutritional level and consumer acceptance may also arise with these changes. Production of ethylene results in
premature ripening of certain crops. Abnormal physiological deterioration occurs when fresh produce is
subjected to extremes of temperature, of atmospheric modification or contamination. This may cause unpalatable
flavours, failure to ripen or other changes in the living processes of the produce, making it unfit for use (Atanda
etal.,2011).

The natural respiratory losses of agricultural produce can affect the normal functioning such as loss of
weight (Atanda et al., 2011) and an increase in the rate of natural deterioration. This condition is often
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engineered by high temperature, mechanical injury and low atmospheric humidity. It results in quality post-
harvest losses in the vitamin content (Munhuweyi, 2012), the production of ethylene that leads to premature
ripening of some agricultural produce (Atanda et al., 2011) and unpalatable flavors of agricultural produce that
affect its marketing as well as patronage by consumers. Water soaking developed during the late stages of fruit
ripening. Gel breakdown in inner mesocarp tissue of plums was associated with high viscosities of water-soluble
pectin with low levels of extractable juice (Negi and Handa, 2008).

Horticultural crops may be characterized as being either climacteric or non-climacteric, depending on their
respiratory pattern. Climacteric fruits can be harvested when mature but before the onset of ripening. After the
climacteric, the respiration rate slows down as the fruit ripens and develops quality (Sirivatanapa, 2006). Thus,
in the present study the harvesting of mandarin without proper maturity will lead to post-harvest loss and quality
deterioration.

Physiological deterioration of vegetables refers to aging of products during storage due to natural reactions
(Flores, 2000). It may be subdivided into the normal and the abnormal. The former covers respiratory losses that
take place in all living materials; the decline in vitamin content and transpiratory or wilting losses of water.
Abnormal physiological losses arise for example from exposure to extremes of heat or cold or otherwise
unsuitable environmental conditions (Barbosa-Canovas et al., 2003). Examples include freezing injury, chilling
injury and sunburn (Kader, 1983) which causes a yellow or bronze discolouration when fruit surface
temperatures reach 46 — 49°C in the presence of direct light (Wand et al., 2005).
2.3.1.4. Biological
The rate of biological deterioration depends on several environmental (external) factors, including temperature,
relative humidity, air velocity and atmospheric composition (concentrations of oxygen, carbon dioxide and
ethylene) and sanitation procedures (Kitinoja and Gorny, 1999; Kader, 2002; Gross et a/, 2000; Bartz and Brecht,
2002; Kader, 2013).

Consumption of food by rodents, birds, monkeys and other large animals causes direct disappearance of
food. Sometimes the level of contamination of food by the excreta, hair and feathers of animals and birds is so
high that the food is condemned for human consumption. Insects cause both weight losses through consumption
of the food and quality losses because of their frass, webbing, excreta, heating and unpleasant odours that they
can impart to food (Atanda et al., 2011, Helvetas, 2014).
2.3.1.5. Chemical
The chemical constituents in stored agricultural produce undergo spontaneous reaction that causes loss in their
sensory qualities such as colour, flavor, texture and nutritional value (Kiaya, 2014). Many of the chemical
constituents naturally present in stored foods spontaneously react causing loses of colour, flavour, texture and
nutritional value. One such reaction is the “maillard reaction’’ that causes browning and decolouration in dried
fruits and vegetables. This chemical reaction is highly triggered by exposure of agricultural produce to high
temperatures and exposure to the high radiation of sunlight. Also, high application of chemical fertilizers and
chemical pesticides can equally result in postharvest losses. There can also be accidental or deliberate
contamination of food with harmful chemicals such as pesticides or obnoxious chemicals such as lubricating oil
(Atanda et al., 2011). Postharvest losses of vegetables can also be as result of contamination by noxious
substances including pesticides during handling. Chemical deterioration caused by chemical or biochemical
agents can lead to significant losses in nutritional value and production of undesirable components e.g. rancidity
in fats and oils and Maillard reactions of sugars (Kader, 2002).
2.3.1.6. Biochemical reactions
A number of enzyme-activated reactions can occur in foods in storage giving rise to off-flavors, discoloration
and softening. A number of enzyme-activated reactions can occur in foods in storage giving rise to off-flavours,
discolouration and softening. The problem is the unpleasant flavours that develop in frozen vegetables that have
not been blanched to inactivate these enzymes before freezing (Atanda ez al., 2011).
2.3.1.7. Physical
Excessive or insufficient heat or cold can spoil foods. Improper atmosphere in closely confined storage at times
causes losses. Postharvest losses in nutritional quality, particularly Vitamin C content, can be substantial and are
enhanced by physical damage, extended storage duration, high temperatures, low relative humidity and chilling
injury of chilling-sensitive commodities (Kader, 2013). Excessive or insufficient heat or cold can spoil foods.
Improper atmosphere in closely confined storage at times causes losses (Atanda ef al., 2011).
2.3.2. Secondary Causes of Post Harvest Loss
Secondary causes of post harvest losses that encourage a primary cause of loss. They are usually the result of
inadequate or non-assistant capital expenditures, technology and quality control. Market distance, duration of
transport, storage condition, storage duration, duration of ripening, ripening room types, means of transport and
experience in horticultural produce marketing as important determinants of the postharvest loss of commodity in
Ethiopia (Zenebe ef al. ,2015).

Factors that contribute to food loss range from mechanization of practices such as harvesting to handling,
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processing and others, to weather conditions, production practices, management decisions, transportation
facilities, grading issues, infrastructure, consumer preferences, attitudes, and availability of financial markets. A
typical post-harvest chain comprises of a number of stages for the movement of harvested output from the field
to the final retail market. The losses incurred at each step vary depending upon the organization and technologies
used in the food supply chain. For example, in less developed countries where the supply chain is less
mechanized, larger losses are incurred during drying, storage, processing and in transportation (Madrid, 2011).

The environmental factors such as temperature, humidity, composition and proportion of gases in controlled
atmospheric storage play an important role in post-harvest loss of fruits and vegetables. The high temperature
and relative humidity favour the growth of micro-organisms which result in serious damage to the produce
(Danladi, 2000). The effects of temperature and relative humidity are mainly comparable and interrelated
because the capacity of air to hold moisture varies with the temperature. The aeration in the storage containers or
in stores has its bearing on RH and hence indirectly on disease development. The effects of high RH on decay is
also closely related with the effects of temperature and for many fruits and vegetables, relative humidity near
saturation results in lower decay losses only if the temperature is near 0°C (Danladi, 2000).
2.3.2.1. Improper Harvesting
Improper harvesting practices result in loss due to spoilage of the produce before reaching to consumers along
with the loss in quality of the produce such as deterioration in appearance, taste and nutritional value (Devkota et
al., 2014). For fruit and vegetables, ripening at harvest time is the main factor that determines the product quality
and the shelf life. However, some farmers can harvest immature crops due to economic reasons. Un-ripened
fruits are more susceptible to mechanical damage and deterioration and they may have poor qualities such as
high acidity and low sugar through the ripening. On the contrary, over-ripe fruits have a low shelf life. In both
cases (over ripening and under ripening), fruits are more susceptible to physiological disorders. Early harvesting
reduces the nutritional and economic value of crops. In some cases, whole products can be lost because they are
not suitable for consumption (Kader, 1995; Azabagaoglu, 2018).

Harvest techniques can also cause losses (Kasso & Bekele, 2016). At the same time, farmers may not have
storage containers at the harvesting or after harvesting stages. This leads to mechanical damage during
harvesting of fruits, vegetables and root and tuber plants, resulting in certain losses. Inadequate methods in
harvesting result in favorable conditions for secondary causes of loss. Also, inadequate harvesting equipments
and rough handling during harvesting results in bruising and increase possibilities of contact of the produce with
the soil which may leads to contamination with micro-organisms (Yahaya ,2005). Also extended time taken for
harvesting and grading in field exposes the fruits and vegetables with field heat for longer period of time which
may subsequently causes faster senescence and reduces shelf life.

During the harvesting period; incorrect estimation of harvesting time, harvesting at the wrong time,
improper application of harvesting practices, failure to apply pre-cooling to fruits like cherries cause the loss in
the harvesting period (4-12%) (Ozdemir et al., 2003; Ozcan, 2010). In addition, the use of improper machinery
and equipment’s in mechanical harvesting cause serious losses. For example, mechanical harvesting of tomato
has been reported to result in more cracking (33 %) than hand picking (10 %). While harvesting of fruits and
vegetables during rain or immediately after rains creates conditions favorable for decay organisms. But
harvesting during hotter part of the day results in faster senescence, shrivelling and wilting of fruits and
vegetables as compared to produce harvested in the early morning or later afternoon (Yahaya ,2005).
2.3.2.2. Inappropriate environmental Factors
Climatic or environmental factors are seen as the most influential and important element that affects post-harvest
losses (Kader & Rolle, 2004).These factors include temperature, light intensity, humidity and the proportion and
composition of aeration gases, with temperature being the leading determinant factor of the time span of
perishable agricultural produce (Antunes et al., 2007).
2.3.2.2.1. Improper Temperature management
Temperature in both extremes is the main causative agent in affecting the postharvest period of horticultural
perishables. Thus, amount of temperature in the horticultural produce during harvesting, handling, transport and
marketing is much higher than those recommended for quality maintenance of the produce due to continuous and
high rate of respiration and other related biochemical reactions of the produces (Kitinoja and AlHassan, 2012).

Temperature is the most important factor that influences deterioration of freshly harvested produce
(Ladaniya, 2008). According to Kader (2013) temperature is the most important environmental factor that
influences the deterioration of harvested commodities. Most perishable horticultural commodities have an
optimal shelf-life at temperatures of approximately 0 °C. The rate of deterioration of perishables however
increases two to three-fold with every 10 °C increase in temperature. Temperature has a significant effect on
how other internal and external factors influence the commodity and dramatically affects spore germination and
the growth of pathogens. Temperatures either above or below the optimal range for fresh produce can cause
rapid deterioration (Kader, 2002).
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2.3.2.2.1. 1. High temperature

High temperature conditions are injurious to perishable crops. Transpiration is vital to maintaining optimal
growth temperatures in growing plants. Organs removed from the plant, however, lack the protective effects of
transpiration and direct sources of heat, such as sunlight, can rapidly elevate the temperature of tissues to above
the thermal death point of their cells, leading to localized bleaching, necrosis (sunburn or sunscald) or general
collapse (Kader, 2013).

High temperatures are well known to result in increased rates of respiration, deterioration and water loss in
fresh produce, leading to reduced market value and decreased nutritional value (Hardenburg et al., 1986). The
rate of fresh produce deterioration increases by 2-3 folds with for every 10°C increase in temperature (Kader,
2002).Temperature also determines spore germination and growth of pathogens (Danladi ,2000; Ladaniya, 2008).

The delay in cooling will shorten post-harvest life and reduce quality. Field container should also be placed
in the shade or loosely covered with leafy plant materials, straw or an inverted empty container (Kitinoja and
Kader, 2002). However, repeated cooling and warming of horticultural products cause deterioration. Extremely
high temperatures or exposure of agricultural produce to direct sunlight is equally dangerous. The higher the
temperature, the shorter the storage life of agricultural produce and the greater post-harvest loss (Kiaya, 2014).
2.3.2.2.1.2. Low temperature
Horticultural crops differ in their sensitivity to low temperature. Generally crops of temperate origin and some
tropical and sub-tropical crops can tolerate temperatures just above their freezing point (Yahia, 2004). However,
most crops of tropical and sub-tropical origin are sensitive to very low temperatures. Low temperature injury
occurs at different temperatures (from 0 to 18°C) depending on the type of crop, maturity stage and storage
duration. Various physiological and biochemical alterations as well as cellular disfunction occur due to chilling
injury. Some of these alterations include increase in respiration rate and in ethylene production, increase in
activation energy, reduction in photosynthetic activity, alteration in energy production, slowing in protoplasmic
streaming, and increase in tissue permeability, enzyme inactivation, membrane disfunction and alteration of
cellular structure (Wang, 1993).

The degree of chilling sensitivity and the lowest safe storage temperature is crop specific. Those crops that
are chilling sensitive should be held at temperature generally above 50 °F (10 °C). Horticultural commodity
exposed below this threshold will give rise to a physiological disorder known as chilling injury (Sargent et al.,
2007).

Some commodities (chiefly those native to the tropics and subtropics) respond unfavorably to expose at low
temperatures which are well above their freezing points, but below a critical temperature termed their chilling
threshold temperature or lowest safe temperature. Chilling injury is manifested in a variety of symptoms
including surface and internal discoloration, pitting, water soaking, failure to ripen, uneven ripening,
development of off flavors and heightened susceptibility to pathogen attack (Kader, 2013). Exposure to
prolonged periods of chilling stress will lead to irreversible symptoms such as surface lesions and pitting,
internal discoloration, water-soaking of the tissue, off flavour, failure to ripen and decay. Chilling injury is
reported to be due to a change in the physical state of biological membranes (Lyons, 1973; Toivonen and Hodges,
2011).

The right temperatures for every agricultural produce must be known to prevent chilling injuries (crucial for
tropical crops) that adversely affect their quality in terms of discoloration, uneven ripening and failure to ripen as
well as exposing them to pathogen attack. Generally, the shelf life of horticultural produce is lengthened when
they are kept at fairly lower temperatures (Kader& Rolle , 2004). The shelf lives of most of the perishable
agricultural produce are increased when they are kept in temperatures of approximately 0°C (Kader & Rolle,
2004). Extremely low temperature of agricultural produce, especially tropical fruits (below 10°C) is dangerous as
it reduces their shelf life (Arah et al., 2016).

Chilling injury symptoms are characterized by development of sunken lesion on the skin, increased
susceptibility to decay, increased shrivels and incomplete ripening as shown by poor flavor, texture, aroma and
color. Those crops not sensitive to chilling injury may be stored at temperature as low as 32 °F (0°C). The
severity of chilling symptoms is also dependent on the length of exposure to low temperature. Short exposure
times will result in less injury than longer exposure to chilling temperature (Sargent ef al., 2007).

Chilling injury susceptibility is a significant issue for many crops derived from subtropical and tropical
growing regions. Generally fruits, fruit vegetables (fruits which are consumed as vegetables), vegetables and root
and tuber crops are chilling sensitive (Toivonen, 2011). Chilling injury which is cause by low but not freezing
temperature is mainly observed with tropical and subtropical fruits and vegetables. However, the symptoms
cause by chilling injury may not be evident while the fruits and vegetables are held at chilling temperature but
may become visible only when the fruits and vegetables are transferred to room temperature (37°C) (Danladi,
2000).

Perishable commodities are generally high in water content and possess large, highly vacuolate cells. The
freezing point of their tissues is relatively high (ranging from -3 °C to -0.5 °C), and disruption caused by
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freezing generally results in immediate collapse of their tissues and a total loss of cellular integrity. Freezing
occurs in cold storage systems either due to inadequate refrigerator design or to thermostat failure (Kader, 2002).
2.3.2.2.2. Improper Relative humidity

Relative humidity (RH) is the moisture content (as water vapor) of the atmosphere, expressed as a percentage of
the amount of moisture that can be retained by the atmosphere (moisture holding capacity) at a given
temperature and pressure without condensation. The moisture holding capacity of air increases with temperature.
Water loss is directly proportional to the vapor pressure difference (VPD) between the commodity and its
environment. VPD is inversely related to RH of the air surrounding the commodity (Kader, 2013).

RH can influence water loss, decay development, the incidence and severity of some physiological
disorders and uniformity of fruit ripening. Condensation of moisture on the commodity (sweating) over long
periods of time is probably more important in enhancing decay than is the RH of ambient air (Kader, 2013).
Relative humidity (RH) effects on vegetable inherent quality are interrelated with the storage temperature. High
temperature and relative humidity favour growth of microorganisms which cause extensive damage to the
produce. Humid tropical climate conditions favours decay of bruised yam tubers and also encourages the
proliferation of harmful organisms. Excess moisture promotes the growth of fungi and other spoilage micro-
organisms. This increases susceptibility of improved varieties of produce to moulds and insect pests (Akinbode,
1983; Perez et al., 2003; Nunes, 2008).
2.3.2.3. Ethylene Cause
Ethylene (C,H4) is the simplest organic compound known to affect the physiological processes in plants.
Ethylene is naturally produced by all plant tissue, triggers several effects at very low concentrations (ppm or less)
and regulates many aspects of development and senescence. Generally, climacteric crops produce more ethylene
compared to non-climacteric crops. However, the exposure of all horticultural crops to ethylene accelerates their
senescence (Yahia, 2004).

Ethylene is commercially used in postharvest handling to accelerate ripening and to improve the colour of
several fruits such as bananas, tomatoes and oranges. Ethylene causes several problems such as tissue softening,
abscission and opening of flowers. Exposure of carrots to ethylene was highly correlated with the formation of
phenolic compounds such as isocoumarin that contribute to the development of bitter flavour during storage
(Lafuente et al., 1989).

According to Abeles (1992) the promotion of senescence in harvested horticultural crops by ethylene (1
ppm or higher) results in acceleration of deterioration and reduced post-harvest life. Ethylene accelerates
chlorophyll degradation and induces yellowing of green tissues, thus reducing the quality of leafy, floral and
immature fruit-vegetables and foliage ornamentals. Ethylene induces abscission of leaves and flowers, softening
of fruits and several physiological disorders.

Ethylene may increase decay development of some fruits by accelerating their senescence and softening and
by inhibiting the formation of anti-fungal compounds in the host tissue. In some cases, ethylene may stimulate
the growth of fungi, such as Botrytis cineria on strawberries and Penicillium italicum on oranges. The incidence
and severity of ethylene-induced deterioration symptoms is dependent upon temperature, time of exposure and
ethylene concentration. Ethylene effects are cumulative throughout the post-harvest life of the commodity
(Abeles , 1992).
2.3.2.4. Lack of knowledge/Skill
High postharvest losses can be as a result of ignorance in scientific and technological techniques associated with
the conservation of food products. Poorly maintained packing cold stores, with limited space and shortage of
qualified trained personnel to conduct timely repairs, also impact negatively on the quality of fresh produce.
Surplus produce due to lack of market availability coupled with change in destination of produce, creates
prolonged storage thus increasing susceptibility of produce spoilage (Tadesse, 1991; Kitinoja, 2010; Hodges et
al., 2011).

Fruit production activity is at infant stage in most parts of the country including in Northwestern Ethiopia
and both small scale fruit producers and traders have very limited knowledge and skill on fruit production and
postharvest handling practices. In this connection high amount of fruits is expected to be wasted due to several
inappropriate production and postharvest handling practices. The human element in postharvest handling of
horticultural commodities is extremely important. Most handlers involved directly in harvesting, packaging,
transporting and marketing in developing countries have limited knowledge, ineffective and far reaching
educational program how to maintain quality (Kader, 2005).

Loading of two or more agricultural produce in one transporting vehicle, usually, no attention is given to
commodity compatibility. Due to the lack of knowledge on commodity compatibility, farmers often times
transport ethylene sensitive commodities together with ethylene generators (Atanda ez al., 2011). For instance,
transporting of green leafy vegetables such as lettuce, cucumbers, broccoli, Kales, Spinach, matured green
tomatoes and carrots that are ethylene sensitive commodities with high level producing ethylene agricultural
produce such as apples, mangoes, pears, bananas, tomatoes and peaches result in great post-harvest losses. (Silva,



Journal of Biology, Agriculture and Healthcare www.iiste.org
ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) may
Vol.11, No.13, 2021 “s E

2008) points out that this situation results in rust spotting on lettuce, the yellowing or loss of the green colour of
ethylene-sensitive vegetables, development of bitter taste in carrots and sprouting in potatoes.

The educational attainment of the farmer including his attendance in informal training related to postharvest
technology is another factor that needs to be considered. Their participation in various seminars, workshops and
informal training on farming techniques would enable them to be receptive to the adoption of appropriate
technology. Some investigations of the farmers' attitude disclosed that some of them are not aware of proper
handling practices since they are more concerned with pre-harvest losses due to flood, drought, insect damage
etc. In some view loss of products as the result of God's punishment or God's mercy; others associated loss to
chance or bad luck etc. under developed infrastructure (roads, harbor facilities), lack of training and awareness
among people involved in the marketing system may cause postharvest loss (Simson and Martha, 2010).

Poor packing design (reduces efficiency and increases the risk of mechanical and biological hazards). Avoid
improper packing (lack of ventilation, low material resistance, sharp and wrinkled surfaces, etc.), Over packing
(many product layers), inappropriate pile up during packing, Packing products with different degree of maturity
and mechanical damages caused by personnel or improper design of mechanical grading machines (Zenebe et
al. ,2015).
2.3.2.5. Unavailability of tools and limited facilities
Some special tools and/or equipment in harvesting and postharvest handling, they most likely will not be able to
find them in the domestic market. This is true of harvesting aids; containers; equipment for cleaning, waxing,
packing and cooling facilities. Most of the tools are neither manufactured locally nor imported in sufficient
quantity to meet demand (Kader, 2005). Use of inappropriate harvesting tools facilitates mechanical injuries
which in turn accelerate loss of water and vitamin C (Opara, 2007; Arazuri et al., 2010). Furthermore delays
between harvesting and cooling promote water, flavour and nutritional value loss as well as decay (Kader, 2002).

Vegetable loss is most prevalent when there is unavailability of essential tools and equipment coupled with
poor maintenance and unavailability of spare parts (Kader, 1983). Inadequate infrastructure and advanced
production techniques remain major obstacles contributing to food losses for many developing countries (Parfitt
et al., 2010). This can be evidenced by the huge variation in magnitude of postharvest losses observed from farm
to retail for developed and developing countries respectively. Losses in USA range between 2 — 23% whilst
losses exceed 50% in the less technically advanced countries (Kader, 2002). Lack of packing houses is a major
postharvest challenge, with vegetables and fruits being generally packed in the field and some even transported
without transit packaging (Reardon et al., 2007). (Mittal, 2007) highlights that at least 30% of vegetable and fruit
produce in different countries are wasted primarily from lack of cold chain facilities.

Limited access exists to facilities such as stores, cold rooms, drying and curing rooms increase post harvest
losses of horticultural commodity (Simson and Martha, 2010). Careless handling of the packed produce during
loading and unloading, corrugated roads leading to maximum vibration of the vehicles, lack of storage facility,
tightly squeezed packages into the vehicles and lack of air circulation facility within vehicles leading to heat
buildup inside the vehicles cause deterioration and finally loss of the produce (Kader, 2004).
2.3.2.6. Inappropriate packaging
Packaging is an important factor in reducing losses, as well as extending the shelf life of fresh fruits and
vegetables. Therefore, one of the major reasons that fruits and vegetables are lost at post-harvest stages is
improper packaging and use of unsuitable packaging material. Poor quality packaging materials cannot
adequately protect the fresh produce from damages and can even accelerate spoilage of fresh produces.
Unfortunately, low-quality packaging materials are widely used in many parts of the world due to their low cost.
Especially, use of poor quality packaging container is more common in developed and developing countries.
Even some of delicate fruit and vegetables are packed in poly-sacks that severely damage to the delicate products.
According to a study carried out in some countries in Sub-Saharan Africa and South Asia, 46 % of horticultural
crops were packed in cloth bundles or large sacks, 31% of them were packed in open baskets and 8 % had no
package at all (Kitinoja & AlHassan, 2010).

The use of sharp-edged packaging containers often leads to puncturing and bruising of agricultural products
(Arah et al., 2016). Poor packaging and storage systems are the cause of post-harvest losses in terms of loss in
quantity, weight, and nutritional value of agricultural produce. Crude packaging and improper packing of
agricultural produce in tractors results in great losses (Kumar et al, 2006) due to the great amassment of heat in
the packaged agricultural produce. Crude packing practices such as packing fresh produce either too tight results
in compression and bruising while packing them too loosely can equally result in bruising due to the vibrations
from each of the fresh agricultural produce in the container (Sparks, 2013). The packaging material is also a
major factor in protecting agricultural produce from post-harvest losses. (Esguerra and Rolle, 2018) poor
packaging materials and containers that fail to protect the state and original condition of the agricultural produce
exposes them to great losses.

In marketing fresh agricultural produce, good packaging habits must be implemented. This is because it has
been noted by agricultural experts and food technologists that at the retail level, the shelf life of a considerable
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number of agricultural products sold in unpacked form is lost (Kiaya, 2014).

2.3.2.7. Inadequate storage

The lack of proper storage facilities in developing countries is seen as the main cause of post-harvest losses.
Inadequate storage facilities at the producing or marketing centers, exposes the produce to the natural causes of
losses i.e damage by micro-organisms, respiration, transpiration and other biochemical reactions (FAO, 2013).

Poor warehouse and storage facilities that expose agricultural produce to high humidity, poor ventilation,
microbial and pathogenic attacks often result in great post-harvest losses (SATNET, 2014). (Kumar et al., 2006)
recount the great losses of onions as a result of storage losses from poor storage environment that caused fungi
and bacteria attack, rottenness, discolouration and spoilage.

In the selecting of agricultural produce for storage, care must be taken not to mix high quality produce with
damage produce from bruises and skin cracks. Also, agricultural products with high moisture content must be
well dried before they are stored. Storing agricultural produce with high moisture content increases microbial
attack. The storage environment must be protected from all forms of environmental hazards that would be
detrimental to the agricultural produce (Atanda et al., 2011).

To mix high quality agricultural produce with damage produce from bruises and skin cracks in the storage
increase post harvest loss. Storing agricultural produce with high moisture content increases microbial attack.
The storage environment must be protected from all forms of environmental hazards that would be detrimental to
the agricultural produce (Atanda et al., 2011).

Poor warehouse and storage facilities that expose agricultural produce to high humidity, poor ventilation,
microbial and pathogenic attacks often result in great post-harvest losses (SATNET, 2014). (Kumar et al., 2006)
recount the great losses of onions as a result of storage losses from poor storage environment that caused fungi
and bacteria attack, rottenness, discolouration and spoilage.
2.3.2.8. Inadequate Transportation Facilities
Transportation and distribution of fruits and vegetables are the important stage of post-harvest loss. The physical
and mechanical damage occur during transportation and distribution. Longer shipment and distribution period
eventually caused heavy losses (Mustapha and Yahaya, 2006; Hayatu, 2000).

Transportation places a certain period of time between production and consumption, it can be one of the
main causes of losses, especially for fresh products. In developed countries, delivery of perishable foods with
refrigerated vehicles is a standard practice. Losses in such cases occur when the cooling system in the vehicle is
broken down, when an accident occurs or when there is a delay in the loading/unloading areas. In developing
countries, the absence of appropriate means of transport, poor roads and inefficient logistics management
prevent perishable foods from being properly preserve. In addition, loading and unloading operations are carried
out in these countries by unskilled and uneducated workers who generally do not carry products carefully. This
causes mechanical damage in agricultural products (Azabagaoglu, 2018).

In most developing countries, roads are not adequate for proper transport of horticultural crops. Also,
transport vehicles and other modes, especially those suited for fresh horticultural perishables, are in short supply.
This is true whether for local marketing or export to other countries. The majorities of producers have small
holdings and cannot afford their own transport vehicles. In a few cases, marketing organizations and
cooperatives have been able to acquire transport vehicles, but they cannot do much about poor road conditions
(Kader, 2005).

Poor transportation procedures, practices and means contribute to post-harvest losses. Inappropriate means
of transporting agricultural produce such as human labour, donkeys, public transports (Arah ef al., 2016) leads to
both primary and secondary post-harvest losses.

Transport conditions and transport distance play an important role in influencing the magnitude of post
harvest loss. Larger distance, bad modes of transport and outdated use of storage containers lead to post harvest
loss. About half of the losses are due to physical injuries and improper handling during storage, and distribution
(Cortez et al., 2000). Losses during transportation can be high, particularly in developing countries due to lack of
sophisticated means of transportation.

These units are made as large as possible and packed as full as possible in order to save on transport costs.
As a result product losses are high and crates are too heavy and too large to be carried by one person (Simson
and Martha, 2010).

Transportation delay is reported as costing 20% of post-harvest losses in Africa (Babatola, 2008).
According to SATNET (2014) 20% of yam tubers in Africa are lost due to delays in transporting agricultural
produce from vehicular breakdowns. Also, applying high speed on rough and bad road networks (Sparks, 2013)
by vehicular drivers transporting agricultural produce results in post-harvest losses.

Enormous losses can be incurred when there is inadequate transportation to move fresh produce to the food
market before it spoils (Caixeta-Filho, 1999). Delicate, sensitive produce is often thoughtlessly, roughly handled
during transporting and the damage caused greatly enhances further deterioration from physiological and
pathological causes (Yahia, 2008).Use of ordinary open and non-refrigerated trucks, poorly ventilated, on very
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rough and poorly maintained roads (Tadesse, 1991). Likewise, the absence of vent tubes in transporting vehicles
to reduce the heat of respiration while transporting fresh agricultural produce is identified as one of the causes of
post-harvest losses (Kitinoja and Kader, 2002).

Common in transporting vehicles in developing countries, there is no material covering their tops, exposing
the agricultural produce to the harsh rays of the sun and predatory flying birds. The use of dirty, no-ventilation
and/or poorly ventilated vehicles (Dudi, 2014) exposes the agricultural produce to pathogenic, biological and
microbial attacks. Shortage of chartered planes and cancellation of regularly scheduled flights are major causes
of postharvest losses of export crops contributing to rapid deterioration of produce at destination (Tadesse, 1991).
2.3.2.9. Inadequate Marketing Systems
Growers can produce large quantities of good-quality fruits and vegetables but if they do not have a dependable,
fast and equitable means of getting such commodities to the consumer, losses will be extensive. This problem
exists in many locations within developing countries. It is accentuated by lack of communication between
producers and receivers and lack of market information (Kader, 2005).

The horticulture products in Ethiopia are mainly produced by smallholder farms and most of the farmers
sell their products on nearby market and a few sell both on farm and in nearby market such that the marketing
condition is unsatisfactory and discouraging (Seid., 2013). The reasons for unsatisfactory market condition
indicated that higher supply of the produce at a time, middle men exploitation and products sell on farm and on
the nearby market.

Similarly scientist reported lack of market to absorb the production, large number of middlemen in the
marketing system, absence (weakness) of marketing institutions safeguarding farmers' interest and rights over
their marketable produces, lack of coordination among producers to increase their bargaining power and
imperfect pricing system of traders as major problems to producers (Faris, 2016). Another finding on major post-
harvest loss assessment at Jimma zone elaborated presence of highest percentage loss was sold in the open space
being exposed to sun (Adugna ef al., 2011).

Although horticultural crops are exported to Djibouti and Somalia, they are not as such standardized. The
logistics such as handling, packing, loading and unloading, storage, road and transportation are poor. This results
in selling the Ethiopian horticultural products to conventional traditional prices (Wiersinga and de Jager, 2009).

The increasing horticulture production can contribute to the commercialization of the rural economy and
creates many jobs. However, expanding the scale of horticulture production is often hindered by lack of market
access, market information and many biological factors (Abay, 2007). (Bezabih and Hadera, 2007) also argued
seasonal production to be inversely related to price. Information on price, product demand, product supply,
market place and buyers and sellers should be gathered.

Wholesale markets in most of the developing countries are in desperate need of improvement in terms of
facilities and sanitation. These are overcrowded, unsanitary and lack adequate facilities for loading, unloading,
ripening, consumer packaging and temporary storage. In several countries, there are plans to build better
wholesale marketing facilities but their implementation has been delayed more because of social and political
than financial considerations (Kader, 2005).

Zenebe et al. (2015) reported 45.9 % postharvest loss on banana in Ethiopia, of which about 15.7% was
incurred at farm, 22.1% at whole sale and 8.1% at retailer levels. On the other hand, Madrid (2011) estimated
that post-harvest losses in developed countries are an average of 12% from production to retail warehouse, and
an estimated 20% at retail stores and food service sites.

The desired level of development in horticulture has not been achieved because of a number of constraints.
Due to absence of proper storage and marketing facilities and seasonal surplus, farmers are forced to sell their
products at thrown-away prices and at the earliest opportunity after harvest (Wei et al., 2001). This also forces
producers to sell their horticultural crops at very low prices for their customers. Furthermore, the lack of ability
in business planning, lack of marketing knowledge and the perish ability of their products contribute to their
weak influential position in the supply chain (Wei et al., 2001).

Wholesale markets in most of the developing countries are in desperate need of improvement in terms of
facilities and sanitation. These are overcrowded, unsanitary and lack of adequate facilities for loading, unloading,
ripening, consumer, packaging and temporary storage (Kadar, 1983).

Even though fruit and vegetables are produced in high quantities and with acceptable quality the products
also need to reach the consumer in an efficient way, or losses will occur (Kader, 2004). This is the case in many
developing countries, often due to bad communication between actors and shortage of market information.
Another factor contributing to losses of fresh produce is the poor wholesale markets in many developing
countries.

Policy changes (e.g. agricultural diversification, quality standards, price policy may cause postharvest loss
of horticultural products. under developed infrastructure (roads, harbor facilities), lack of training and awareness
among people involved in the marketing system may cause postharvest loss. These units are made as large as
possible and packed as full as possible in order to save on transport costs. As a result product losses are high and
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crates are too heavy and too large to be carried by one person (Simson and Martha, 2010).

2.3.2.10. Government Regulations and Legislations

The degree of governmental controls especially on wholesale and retail prices of fresh fruits and vegetables
varies from one country to another. In many cases, price controls are counter-productive. Although intended for
consumer protection, such regulations encourage fraud and provide no incentive for producing high-quality
produce or for postharvest quality maintenance. On the other hand, regulations covering proper handling
procedures and public health aspects (food safety issues) during marketing are, if enforced properly, very
important to the consumer (Kader, 2005). Policy changes (e.g. agricultural diversification, quality standards,
price policy may cause postharvest loss of horticultural products (Simson and Martha, 2010).

2.3.2.11. Poor Maintenance

In many developing countries, some good facilities that were built a few years ago are currently “out of order” or
not functioning properly because of lack of maintenance and unavailability of spare parts. This problem is
especially true of public-sector facilities. Any new project should include in its plan adequate funds for
maintenance to ensure its success and extended usefulness (Kader, 2005).

2.3.2.12. Economy status

The magnitude and pattern of post-harvest losses (PHLs) therefore vary across countries based on their stage of
economic development. In high and middle income countries, significant losses occur in the early stages of the
food supply chains and at the consumer level (UN, 2011).

Food losses in the developed countries are generally low in the middle stages of the supply chain. This can
be attributed to more-efficient farming systems, better transport, better management, storage, and processing
facilities which ensure that a larger proportion of harvested output is delivered to the markets (Hodges et al.,
2011). The extensive and effective cold chain systems, prevalent in these countries, also help to prolong the
shelf-life of food products.

Income is very important as it affects largely the level of capital investment of farms. The income generated
from farm to off-farm sources would determine whether the farmer is financially capable of reducing post-
harvest losses through investment on better packaging materials or storage facilities. Low investment has been
argued as the main chain effect of low income. The lack of adequate capital inhibits farmers from buying
recommended containers for transport. Most often, farmers may harvest immature crops mainly fruits and
vegetables during times when they need immediate cash for the family and/or when prices are high.

In contrast, food losses in the low-income countries mainly occur in the early and middle stages of the food
supply chains with proportionally less amounts wasted at the consumer level. Food losses in these countries are
the result of “inadvertent losses” due to the ‘poor’ state of their supply chains. Premature harvesting, poor
storage facilities, lack of infrastructure, lack of processing facilities and inadequate market facilities are the main
reasons for high food losses along the entire Food Supply Chain (FSC) (Hodges et al., 2011).
2.3.2.13. Social and cultural factors
Social and cultural factors such as urbanisation, education and population growth and its characteristics can
influence the quantity and quality of produce available. Traditional processing and marketing systems can be
responsible for high losses (Parfitt et al, 2010). Poor sanitation facilities and in wholesales including
overcrowding, and lack of adequate facilities for loading and unloading of produce can indirectly contribute to
serious fresh produce losses too. Fresh vegetable losses can also be a direct result of human psychology whereby
a fresh commodity is not eaten and is thrown away because the end user did not fancy eating it or for religious
taboos (Parfitt et al., 2010).
2.3.2.14. Consumers’ waste
Consumption stage lasts from the moment of purchase by consumers of fruit and vegetable to the moment of
consumption. Considerable losses for fruit and vegetable occur at consumption stage in the food supply chain.
Fresh fruit and vegetables contribute to almost 50% of food wasted by households. According to a study
conducted by FAO (2011), fruit and vegetable correspond to 39 % of total household waste. In another study
carried out by WRAP (2008), this ratio reaches up 40 % of the total household waste. The main causes of the
consumers’ waste are due to over-purchasing, lack of planning, poor home-storage management, etc. Magnitude
of consumers’ waste depends on both socio-cultural and material factors such as gender, lifestyle, income and
home storage facilities (Porat et al., 2018).

Studies indicated that in developing countries major food losses occur due to technical and managerial
limitations in harvesting techniques, storage, transportation, and processing activities, lack of proper cooling
facilities, infrastructure, packaging and marketing systems. Conversely, postharvest loss relates mainly to
consumer behavior, quality standard requirements and strict safety policies for fruit and vegetable in developed
countries (FAO, 2011; FAO, 2015).

2.4. Post harvest loss extent
Depending on horticultural commodity and season of production losses are estimated at 20 to 40% in developing
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countries and 10 to 15% in developed countries (Kader, 2005; Garnett, 2006; Ogunleye and Adefemi, 2007;
Madrid, 2011). It is estimated post-harvest losses in developed countries are an average of 12% from production
to retail warehouses and estimated 20% at retail stores and food service sites (Madrid, 2011). Losses in
developing countries run even higher because of poor storage and food-handling technologies (Salami et al.,
2010).

Durable and perishable commodities are prone to widespread postharvest diseases that cause huge spoilage
to the produce. Greater losses in developing countries is due to non-availability of proper storage and
transportation facilities and improper handling methods, resulting in greater levels of injuries or wounds during
harvesting and transit (Majumdar and Pathak , 1989); ( Pathak, 1997). It is estimated that about 20— 25% of the
harvested fruits and vegetables are decayed by pathogens during postharvest handling even in developed
countries. In developing countries, postharvest losses are often more severe due to inadequate storage and
transportation facilities (Sharma et al., 2009).

Postharvest losses for fresh commodities (fruits and vegetables) are about 5% in developed countries and
may average 30-50 % in underdeveloped countries (China., 2007). In developing countries losses are more, due
to non-availability of proper handling methods, transportation and storage facilities, which results in greater
levels of injuries or wounds during harvesting and transit.

Losses of fresh fruits and vegetables in developed countries are estimated to range from 2 percent for
potatoes to 23 percent for strawberries with an overall average of 12 percent losses between production and
consumption sites. In contrast, the range of produce losses in developing countries varies widely. Overall, about
one third of horticultural crops produced are never consumed by humans. The extent of loss in perishables
depends upon type of commodity 5-100 per cent. The post harvest loss in developed countries is much less as
compared to developing countries (Kaminski and Christiaensen, 2014).

Post-harvest loss and quality deterioration of horticultural crops are estimated to be 25-40% (Yohannes,
1989). Kader et al. (2012) reported that about one-third of the food produced is wasted in developed and
developing countries which accounts to 1.3 billion tons per year. In medium- and high-income countries, a lot of
food is discarded while it is still suitable for human consumption (more than 40% of the losses occur at the retail
and consumer levels) while in developing countries, food losses occur early in the food supply chain at
postharvest and processing stages.

According to Salami ef al., (2010) about 30-40% of fruits and vegetables are lost or discarded after leaving
the farm gate. Kader (2002) also estimated that postharvest losses in fresh fruits and vegetables are 5 to 35% in
developed countries and 20 to 50% in developing countries. Fresh fruits and vegetables are wasted throughout
the food supply chains from initial agricultural production down to final household consumption.

Production of fruits and vegetables in Sub-Saharan Africa as of 2014 is approximately at 34.22 and 31.95
million tons, respectively (FAOSTAT, 2017). At the same time, postharvest losses of fruits and vegetables in
Sub-Saharan Africa range from 30 to 80% depending on nature of the crop, while globally postharvest losses is
estimated at 30% (Ghosh, Fawcett, Sharma, & Poinern, 2016; Gustavsson et al., 2011; Kitinoja et al., 2011;
Niewiara, 2016; Singh ef al., 2014).

Ethiopia’s Ministry of Agriculture is striving to minimize post-harvest losses, which is causing up to 20—
40% losses in sub-Saharan Africa (FAO, 2009). The post-harvest losses of perishable (vegetable and fruits) food
crops amounted to be about 30% (Fekadu and Dandena, 2006) due to the presence of high moisture content (65—
95%), insect infestation and damage during post-harvest handling techniques (packaging, storage and
transportation).

Higher postharvest losses not only reduce the availability of fruits but also result in increase in per unit
prices of the produce and thus limit the accessibility by the majority of community segments. Postharvest loss as
going beyond the loss of the actual crop to include loss in the environment, resources, labor needed to produce
the crop and livelihood of the individual involved in the production process. However, it is important to note that
much is being invested to production compared to postharvest handling, though 30 to 50% of the produce is
wasted in few days after harvest (Kughur et al., 2015). In one-third of the food produced worldwide for human
consumption is lost after harvest (Gastavsson ef al., 2011).

The estimated post-harvest losses of fruits and vegetables range from 20% to 40% (Wiersinga and de Jager,
2009). Increased returns to growers might come from proper management after harvest (Wiersinga and de Jager,
2009). Post-harvest losses may vary greatly among commodities, production areas and seasons, handling and
management practices. Nearly 20% of losses of fresh fruits and vegetables are due to product deterioration. This
may include the excess of perishable products that are discarded and the food that is wasted, not consumed by
the purchaser) (Kader, 2005; Victor, 2014).The extent of loss in perishables depends upon type of commodity
(Hodges et al., 2011). Along with roots and tubers, fruit and vegetable have the highest wastage rates of any food
product; almost half of the fruit and vegetable produced are wasted (Kitinoja and Kader, 2015).

Post-harvest loss ranges from about 21% for cereals up to 66% for fruits and vegetables in Sub-Sahara-
African food value chains. Studies conducted in Ethiopia on seven fruit and vegetable crops (tomato, cabbage,
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onion, potato, mango, banana and avocado) revealed that the total average post-harvest losses range from 14 to
60%. Highest losses observed on cabbage were 58.9% and lowest loss (14.1%) recorded on onion crop
(Gebresenbet et al., 2016). The horticultural produce losses are as high as 50 percent due to inefficient
postharvest procedures (Oyeniran, 1988).

According to CSA (2012/13) during the main production season about 192,555.39 and 4,793,360.64
hectares of land were under production of vegetables and fruits in Ethiopia, respectively. The rough estimation
of yearly global quantitative food losses and waste reached at 40-50% for fruits, vegetables and root crops
grown in Ethiopia (FAO, 2012).

According to CSA (2012/13), bananas, mangoes, papayas and oranges took up 63%, 15%, 8% and 8% of
the fruit production in the country, respectively. More than 479,337 tons of fruits were produced in the country
during the production year of (2012/13). It is crucial for the harvested produce to be taken through post-harvest
management or technology as soon as the produce is harvested (Dudi, 2014).This is because the rate of the
perishability of fresh horticultural produce in terms of post-harvest losses is pegged between 30 percent to 50
percent in fruits and vegetables (Atanda, 2011). (Kumar et al., 2006) concur that agricultural products are
biologically active and biochemical processes such as transpiration, respiration, ripening and others that speeds
up the depreciation of their quality starts operation immediately after harvesting.

Production losses of fruits and vegetable in developing countries are hard to judge, but some authorities put
losses of sweet potatoes, plantain, tomatoes, bananas and citrus fruit sometimes as high as 50 percent, or half of
what is grown (Camargo and Perdas ,2002) and (Oyeniran ,1988). Reduction in this wastage, particularly if it
can economically be avoided, would be of great significance to growers and consumers alike (FAO, 2012).

Food losses after harvest until the food reach the consumer are significant (FAO, 2014). Post-harvest losses
in developing countries can range from 15 percent up to 50 percent. Horticultural crops, such as fruits, are
perishable products and therefore sensitive which leads to greater losses than for non-perishable crops (Parfitt ez
al., 2010). The extent of losses and wastage that occur throughout the food supply chains is very high. Not only
losses are clearly a waste of food but also they represent a similar waste of human effort, farm inputs, livelihoods,
investments and scarce recourses such as water (WRI, 1998).

The magnitude of losses and waste are still lacking, particularly in developing countries. Generally, FAO
(2012) roughly estimated that yearly global quantitative food losses and waste reached at 40-50% for fruits,
vegetables and root crops. Olayemi et al. (2012) also estimated that as much as 25% and 40% fruits and
vegetables, respectively, are lost after harvest and concluded that farmers experienced serious postharvest losses
particularly due to poor postharvest handling.

Vegetables are very diverse in their morphology and this is an important determinant of postharvest
quantitative losses. Leafy vegetables are more perishable than roots and tubers and also easily susceptible to
wilting, mechanical injury and decay (Kitinoja, 2010).

3. CONCLUSION

Agriculture is the foundation of Ethiopian economy. Post-harvest loss of fruit and vegetable is a matter of great
economic concern in agriculture. Quantitative post-harvest losses and quality deterioration of horticultural crops
are mostly caused by biological, microbiological, mechanical injury, physical damage; physiological and
environmental conditions and inappropriate post-harvest handling. A problem in the supply chain for fruits and
vegetables in Ethiopia is that the knowledge about post-harvest handling is limited and the post-harvest losses
are high. Losses occur in all post-harvest activities such as handling, storage, processing, packaging,
transportation and marketing. Therefore; to increase food availability, it is not enough to increase the
productivity in agriculture there is also a need to know major cause of post harvest loss of horticultural
commodity and lower the higher extent of post harvest losses.

Currently there are limited literatures to review on the cause and extent of postharvest losses of fresh fruits
and vegetables in Ethiopia due to lack of research works in the sector. Although, it is possible to estimate such
losses of perishables horticultural commodity based on the annual production data of central statistics agency
(CSA) and food and agricultural organization of the country (FAO). It is too early to reach a conclusive
recommendation since limited study were conducted in the cause and extent of post harvest loss of horticultural
crops. Hence, in addition to applying appropriate post harvest handling, further studies must be done to tackle
the cause of post harvest loss of horticultural crops and minimized the extent of post harvest losses.
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Figure 2. Mechanical injury (Abrasion, puncturing and compression injuries respectively)
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Figure 3. (Biological and microbiological, chemical and physiological losses respectively)
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