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Abstract: This review examines post-harvest loss reduction in the context of its relationship to improved food
security. Thirty per cent or more of all food grown worldwide are lost before and after it reaches the consumer
(from production to retail phase in the food chain). Pre-harvest and post- harvest losses occur mainly due to
meagre infrastructure, scarce resources, lack of managerial skill, inadequate storage facilities, poor packaging
system and insufficient investment in biosecurity practices, poor and uncoordinated transport networks and
corruption. Post-harvest loss prevention would reduce such waste and could help moderate the amount of
increase in food production that is needed to meet growing food demand as solution to worsening state of food
insecurity. A voluntary platform for retailers to report food waste statistics and a less over-conservative system
of setting use-by dates would aid in combating waste. An increasing world population coupled with
progressively scarce resources make post-harvest loss prevention in food losses a key component in any strategy
for sustainable food security.
Keyword: loss, food security, post-harvest, tool, estimate.
INTRODUCTION
It is estimated that around 1.3 billion tonnes per year
of food produced for human consumption is lost or
wasted globally. This is enough to feed the present
world population of around 7 billion people. Such
discrepancy presents an enormous challenge, if
there is to be enough food to feed an estimated
global population of 9.1 billion people by 2050 as
global demand for food is projected to increase by
at least 2.5 times over current levels [1,2]. At the
same time, food production has to take into account
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a number of other global challenges, such as
climatic change and water scarcity, as well as
competing claims, including the need for animal
feed, fibre for clothing and biofuels for energy [3].
Feeding a projected population of 9 billion people
sustainably and equitably by 2050 will be an
unprecedented challenge for mankind and will
require a multifaceted and integrated global
strategy. The strategy of increasing food production
is only one among many needed to meet this
challenge. One simple, achievable but often

Page 56

Academica Editores:

Acta Velit

Vol: 3 Issue: 1,

overlooked way of improving food availability is
through reducing food waste.
Neglect, ignorance and inefficiencies across the
entire food supply chain – from the point of harvest
to consumption result in significant food losses in
both developing and developed countries that could
otherwise help relieve some of the pressure to
intensify agriculture. Estimate suggests that as
much as 30 per cent of all food grown worldwide
may be lost or wasted before and after it reaches the
consumer [4,5]. Some have even placed the figure
as high as 50 per cent. The difference between food
loss and food waste is noted in The Global Food
Losses Report 2011, commissioned by the United
Nations Food and Agriculture Organization (FAO).
The former occurs as a diminishing level of edible
food throughout the production, harvest, postharvest and processing stages of the supply chain.
Food waste, however, is related to retailer and
consumer behaviour [6,7]. A UK-government
commissioned report projects that if the current
global estimate of 30 per cent waste is assumed,
halving the total amount of waste by 2050, which is
considered to be a realistic target, could reduce the
food required by 2050 by an amount approximately
equal to 25 per cent of today’s production. This
would lessen the pressure on the resources required
for food production. It would also have positive
environmental effects, including lower greenhouse
gas emissions, reduced water stress and decreased
levels of soil degradation. With food waste
reduction offering such important direct and indirect
benefits, it has to be given priority and urgent
attention by governments, the donor community, the
private sector and non-governmental organisations
(NGOs) [8].
Patricia Woertz CEO of ADM at the World
Economic Forum Annual Meeting held in ROLLE,
Switzerland on the 27th of January 2010 said
mitigating post-harvest losses is part of a four-part
approach needed to ensure agriculture’s ability to
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fulfil the world’s increasing food and energy needs.
The other three parts are: making more efficient use
of today’s crops, improving productivity on existing
farmland, and sustainably bringing some additional
arable land into production. Woertz says further
“clearly, agriculture must do better” noting that 10
to 20 percent of the global grain harvest is lost each
year to improper or inefficient storage and handling,
Preserving what is already grown is critical to
reaching those who need crops most, and to making
the most of the land, water, energy and other inputs
already used to grow Some of the world’s harvests
of food crops and food fish, inevitably, never reach
what the technologists in the field of post-harvest
food conservation call the food-preparation stages.
Bad
harvest
timing,
inefficient
machinery,
carelessness, rats, insects, moulds, bacteria,
contaminants, heat, cold, moisture, and lack of
moisture continue to cut into the harvests.
Several targets had been set in times past to
achieving food security however, they were never
realised. This includes United Nations General
Assembly Resolution in 1975 to achieve a 50 per
cent reduction in food losses by 1985 among others.
Data on the achievements in food lsses in a number
of Anglophone countries have been documented
[9,10] and for Francophone countries [11]. Several
seminars and workshops on the prevention of losses
of staple foods have been organized, for example in
Arusha, Tanzania (1977); Accra, Ghana (1977);
Lusaka, Zambia (1978); Ouagadougou, Upper
Volta (1978); Bamako, Mali (1979); Yaounde,
Cameroon (1979); and Lilongwe, Malawi (1980). In
1980 the FAO held a '.travelling workshop" for the
preparation of research, development, training, and
information programmes for the prevention of food
losses. The aim of the visit was to promote exchange
of experience among the countries in post-harvest
problems and proffer solutions. More so, many
training courses have been held over the past
decades with the assistance of various donor
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organizations to find solution to this scourge.
However, all these actions have not achieved any
significant result [12].
Food security as a concept emerged at the United
Nations Food and Agriculture Organisation (FAO)
World Conference in 1974. Food security exists
when all people, at all times, have physical and
economic access to sufficient, safe and nutritious
food to meet their dietary needs and food
preferences for an active and healthy life [13]. The
most widely definition is that of the World Bank:
Food security for a household means access by all
members at all times to enough food for an active,
healthy life. This was expanded to include at a
minimum, availability of nutritionally adequate and
safe foods and an assured ability to acquire
acceptable foods in socially acceptable ways (that
is, without resorting to emergency food supplies,
scavenging, stealing, or other coping strategies).
Food insecurity effect cannot be over emphasized as
it leads to widespread human suffering occasioned
by degradation and depletion of natural resources,
migration to urban areas and across borders and
political and economic instability [14].
Food prices have been rising steadily over the last
ten years sending shock and disbelieve among many
policymakers. Before the price spike, close to 800
million people were hungry and were at risk of
starvation. Following the price spike, this number
increased to a little over 1 billion people (a rise that
significantly set back progress towards the UN
Millennium Sustainable Goal to halve the
proportion of people suffering hunger between 1990
and 2015) [15,16]. It was further estimated that 44
million people have since fallen into extreme
poverty due to the rise in food prices since June
2010 brought about by food insecurity [17].
Every year, an estimated 12 million hectares of
agricultural land, which could potentially produce
20 million tonnes of grain, are lost to land
degradation, adding to the billions of hectares that
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are already degraded [18,19] . It is estimated that a
third of food produced for human consumption is
lost or wasted across the global food system [20]. It
is clear that our collective choices related to
agriculture and food systems must be revisited.
Loss of food in the post -harvest system is not new;
it has always been a problem for mankind. In these
days of rapidly enlarging populations in the poorest
countries where food is already short, there is an
increasing urgency to do a better job of conserving
mankind’s food supply in order to alleviate hunger
and malnutrition. Some far-sighted individuals have
been drawing attention to the problem of postharvest losses for many years. Post-harvest period is
between physiological maturity of a crop and the
time for its final consumption; pre and post harvest
losses [21,22].
Causes of Pre Harvest Losses: Pre-harvest losses
are caused by both abiotic (for example water,
temperature, soil nutrients) and biotic (for example
weeds, animal pests, pathogens such as fungi,
bacteria and viruses) factors leading to reduced crop
performance and thus lower actual yield than the
site-specific attainable yield [23]. To date, most of
the comprehensive studies on pre-harvest losses
have focused on crop losses due to biotic factors.
Estimates for the potential and actual losses for
wheat, rice, maize, potato, soybean and cotton
between 2001 and 2003 for 19 regions as well as the
global total had been reported. The total global
potential loss due to pests varied from about 50 per
cent for wheat to more than 80 per cent for cotton.
On the other hand, actual losses were estimated to
be 26 to 29 per cent for soybean, wheat and cotton;
and 31, 37 and 40 per cent for maize, rice and
potatoes respectively. Overall, weeds caused the
highest potential loss (34 per cent), with animal
pests and pathogens being less important (losses of
18 and 16 per cent respectively) although regional
differences were evident due to cropping intensity,
climatic conditions and cropping systems. In
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tropical and subtropical areas, high temperatures
and heavy rainfall often favour the development of
pests. Similarly, an increased site-specific yield
potential of crops resulting from higher-yielding
varieties, improved water and soil management,
fertilisation and other cultivation techniques is often
associated with higher vulnerability to pest attack,
especially by fungal pathogens which favour highplant-density environments and nutrient-rich plant
tissue. Studies have shown that it is possible to
characterise typologies of potential losses based on
the type of crop production system, thereby
implying proactive interventions [24,25].
Causes of Post-Harvest Losses: There are so many
causes for losses in the post-harvest food chain that
it helps to classify them into 2 groups and a number
or of sub-groups
Primary: These losses are those causes that directly
affect the food. They may be classified into the
following groups
Biological: 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.
Microbiological: Damage to stored foods by fungi
and bacteria. Micro-organisms usually directly
consume small amount e 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 moulds (known as
mycotoxins), cause some food to be condemned and
hence lost. The most notorious of the mycotoxins is
aflatoxin (a carcinogen), which is produced by the
mould Aspergillus flavus. These mycotoxins occur
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in several chemical forms, designated aflatoxin B1,
B2, G1, G2, and M1. The “B” and “G” designations
refer to the blue or green fluorescence observed
upon exposure of then toxin to ultraviolet radiation.
M1 is the predominant metabolite of aflatoxin B1
(AFB1) in milk from lactating humans and animals
consuming AFB1- contaminated food or feed.
Aflatoxins may contaminate many crops including
peanuts, corn, cottonseed, Brazil nuts, pistachios,
spices, copra (dried
coconut)
and
figs.
Contamination may be widespread in hot and humid
regions of the world, such as Africa andsome parts
of China. Other mycotoxin includes Patulin which
is produced by Penicillium, Aspergillus, and other
genera, which is found in some processed apple and
pear products, Ochratoxin produced by several
strains of Penicillium and Aspergillus spp. that have
varying physiologies and ecologies. Ochratoxin A,
the main toxin in this group, is found in infected
wheat, corn, and oats, and cheese and meat products
of animals consuming ochratoxin contaminated
grains. Zearalenone, a mycoestrogen, zearalenone
has attracted recent attention because of concerns
that environmental estrogens have the potential to
disrupt
sex
steroid
hormone
functions.
Trichothecenes, approximately 180 trichothecenes
are known to exist; only a few of which
deoxynivalenol (DON) is the most prevalent, are
significant to human health. Fumonisins, these
mycotoxins are produced by the maize pathogens
Fusarium
verticillioides
and
Fusarium
proliferatum, and at a very low levels, by Alternaria
in black end stem rot in tomatoes [26]
Chemical: Many of the chemical constituents
naturally present in stored foods spontaneously
react causing loss of colour, flavour, texture and
nutritional value. An example is the Maillard
relation' that causes browning and discolouration in
dried fruits and other product a There can also be
accidental or deliberate contamination of food with

Page 59

Academica Editores:

Acta Velit

Vol: 3 Issue: 1,

2016

harmful chemicals such as pesticides or obnoxious
chemicals such as lubricating oil.

Microbiological, mechanical and physiological
factors cause most of the losses in perishable crops.

Biochemical reactions: A number of enzymeactivated reactions can occur in foods in storage
giving rise to oft-flavours, discolouration and
softening. One example of this problem is the
unpleasant flavours that develop in frozen
vegetables that have not been blanched to inactivate
these enzymes before freezing.

Secondary: These are losses that leads to
conditions that encourage a primary cause of
loss. They are usually the result of
inadequate
or
non-assistant
capital
expenditures,
technology
and
quality
control. Some examples are:

Mechanical: Bruising, cutting' excessive pooling or
trimming of horticultural products are causes of
loss.
Physical: Excessive or insufficient heat or cold can
spoil foods. Improper atmosphere in closely
confined storage at times causes losses.
Physiological: Natural respiratory losses which
occur in all living organisms account for a
significant level of weight loss and' moreover, the
process generates heat. 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. A
reduction in nutritional level and consumer
acceptance may also arise with these changes.
Production of ethylene results in premature ripening
of certain crops.

a. Inadequate
harvesting,
handling skills.

packaging

and

b. Lack of adequate containers for the transport
and handling of perishables.
c. Storage facilities inadequate to protect the
food.
d. Transportation inadequate to move the food to
market before it spoils.
e. Inadequate refrigerated storage.
f.

Inadequate drying equipment or poor drying
season.

g. Traditional processing and marketing systems
can be responsible for high losses.
h. Legal standards can affect the retention or
rejection of food for human use by being too
lax or unduly strict.
i.

Psychological: Human aversion, such as "I don't
fancy eating that today". In some cases food will not
be eaten because of religious taboos.

Conscientious, knowledgeable management is
essential for maintaining tool in good
condition during marketing and storage.

j.

Weather and Climatic conditions: Extreme
weather events, such as high temperatures, droughts
and floods are the elements of inefficient use of
fertilizers and organic residues which contribute
asignificant amount to greenhouse gas emissions on
theplanet. Ever-higher average global temperatures
are likely without dramatic changes in greenhouse
gasemissions across a wide range of human
activities.

Bumper crops can overload the post-harvest
handling system or exceed the consumption
need and cause excessive wastage.

k. Pervasive corruption in the supply chain is
another major issue for the developing world.
Supply being siphoned off in places where
food security is routinely compromised, is one
element. The extreme cases include: Somalia,
with its warlords; or nations like Cambodia,
where corruption is so widespread that staffers
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of the local World Food Programme were
implicated in rice fraud during a period of
drought in 2005.
Indirectly,
political
leadership in such regions, surviving by
oppressive means, usually induce high levels
of poverty, meaning that without a profitable
consumer base for providers to sell to, little
chance exists for commercial distribution of
food to occur– even if those areas were not
already perceived as dangerous. Instead, a
dependence on food aid networks, in droughtand-poverty-stricken regions like the Horn of
Africa, becomes a necessity. The tale in
industrialised nations, however, is usually one
of plenty. Food production often exceeds
demand, due to most farmers having the
capacity to produce large quantities as a
precautionary measure. This protects them
against natural crop losses or retailers
rejecting, and not making available for sale,
‘imperfect’ crops based on nutritionallyirrelevant aesthetic standards, such as

2016

discolouration or out-of-the-ordinary ‘odd’
sizes. A significant amount of surplus crops
are sold to processors or are used as animal
feed, but the lack of financial profitability in
these sectors compared to the retail sector,
means that most of the surplus is simply
wasted. This is due to the fact that retailers are
not being required to report their food waste
statistics only helps the continuation of this
practice.
After-purchase
waste,
where
consumers often fail to plan their purchases
properly and throw out expired food, is aided
by overzealous safety standards established in
line with worst case scenario projections on
spoiling, chiefly out of litigious fears. Broader
psychology on this front involves the general
encouragement of consumers to buy more
than they need as a social norm. This can be
seen by retailers offering package deals and
oversized microwave meals, or restaurants
offering buffet-style dining and over-large
portions [7, 27].

Source: [1]

Fig. 1: Regional and Global Summary of Food Losses and Waste
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Table 1: Causes and characteristics of food waste or losses at different points of the food supply chain
Stage
Production
Pre-harvest








Harvesting







Threshing

Drying
Transport, distribution

Causes and characteristics of food waste and losses
Poor cultural practices.
Poor choice of crop varieties.
Pest and disease damage.
Ecological and soil conditions.
Poor water management.
Physiological and mechanical damage.
Edible crops are left in the field, ploughed into the soil and/or eaten by
birds/rodents.
Timing of harvest is not optimal.
Poor harvesting technique.
Out-grades at farm to improve quality of produce or meet quality
standards.
Poor technique.
Poor transport infrastructure.
Spoiling/bruising.





Pest and disease.
Spillage.
Contamination.
 Natural drying out of food.
 Physical, mechanical or physiological damage.
Processing
 Inefficiencies.
 Poorly trained workers.
 Inappropriate technologies.
 Product discarded due to out-grades in the supply chain.
Product
Evaluation
 Destructive testing.
quality control
Storage

Packaging
weighing,
sealing
Marketing



labelling,






Consumer
over- or inappropriate

purchasing,
storage,

preparation, portioning,

cooking

End
of
Life
disposal of food waste

Inappropriate or poorly sealed packaging.
Grain spillage from sacks.
Attack by rodents.
Damage and spoilage during transport.
Poor handling in wet market.
Lack of cooling or cold storage facilities.
Buying more than is needed.
Plate scrapings, and surplus food which has been cooked and not used.
Poor storage or stock management in the home.
Poor food preparation techniques.
Food is discarded in packaging due to confusion over ‘best before’ and
‘use by’ dates.
Food waste that is discarded may be separately treated, fed to
livestock/poultry, or mixed with other wastes and landfilled.

Source: [28]
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POST-HARVEST LOSS PREVENTION
Developing Countries: The post-harvest systems
of developing countries are in dire need of
considerable investment
and technical issuesto
create more formal markets and improve their
performance to a point where post-harvest losses
can be substantially reduced [29, 1]. For example,
governments need to develop all-weather feeder
roads so that crops can get to market. Suitable
market institutions need to be developed and
promoted by the government, while leaving room
for subsequent private sector involvement, to enable
marketing groups and individuals to best respond to
market demand. For example, in Malaysia, the
Ministry of Agriculture and Agro-based Industry set
up the Federal Agricultural Marketing Authority
(FAMA) to help small farmers’ market perishables
such as fruit and vegetables to domestic as well as
export markets. Marketing cooperatives, which are
particularly relevant for developing countries where
farm sizes are small, should be encouraged among
producers of major commodities in important
production areas [30]. Such organisations provide
central accumulation points for the harvested
commodity; undertake purchasing of harvesting and
packing supplies and materials in quantity; provide
for proper preparation for market and storage when
needed; facilitate transportation to markets and act
as a common selling unit for the members.
Transitional economies are also now investing
heavily in the kind of cold chains used by
industrialised countries, despite the high energy
requirements. India, where 35 to 40 per cent of all
of its fruit and vegetables go to waste, has recently
provided incentives and capital subsidies for the
establishment of warehousing and cold storage
facilities. As markets depend on a consistent supply
of better-quality produce, farmers must be able to
respond to the demand. This can be achieved by
adopting innovative technologies and approaches to
reduce post-harvest losses and ensure product
June-Aug 2016
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quality. The interventions can be quick and costeffective ones. For example technologies developed
by the Nigerian Stored Products Research Institute
include ventilated maize cribs (for drying and
storage of maize cobs), plastic crates (for
transportation of fruits and vegetables), the
multipurpose
dryer
(drying
of
agricultural
products), evaporative coolant system (for storage
of orange), fish box (handling and storage of fish
and its products), smoking kiln (smoking of fish and
its products) etc. Even without the introduction of
capital-intensive Western-style infrastructure, there
is a great deal that smallholders can do to prevent
serious damage to their harvests and improve their
quality. For example, project by FAO project in
Afghanistan and elsewhere dramatically reduced
post-harvest losses simply by providing sealed
storage drums to grain farmers [31].
Another community project in Guinea achieved
dramatic reduction in aflatoxin levels in stored
groundnuts by training and educating farmers to
better handle their harvest. Farmers were shown
how to sort groundnuts by hand, eliminating any
that were mouldy or damaged. Instead of being
dried on the ground, which can be a source of
humidity, groundnuts were dried in the sun on
locally produced natural-fibre mats. Rather than
using plastic bags for storage, which promotes
humidity, natural-fibre jute bags were used. These
examples, along with many others like them all over
the world, demonstrate that directing resources to
training farmers in best practices through outreach
and extension efforts can dramatically improve food
availability and reduce waste without the need for
huge capital investments. This farmer training has
traditionally been the responsibility of government
extension services, but increasingly, private
companies have organised their own technical
support services to ensure appropriate use of their
products. Seed companies such as Syngenta and
Pioneer have active technical advisory services to
Page 63

Academica Editores:

Acta Velit

Vol: 3 Issue: 1,

ensure that farmers capture value from buying
hybrid seeds. Other low-input approaches include
using the abundant solar heat available in tropical
and subtropical regions to preserve a greater
proportion of locally grown fruits and create other
food products from them. Fermentation is another
low-input, locally appropriate food preservation
method. In Africa, kefir, an acidic, mildly alcoholic
milk drink, is produced by the fermentation of milk
using a grain-like starter culture. For many
producers, this is a much more feasible method of
preservation than pasteurisation and refrigerated
supply chains [32].
Biotechnology is another tool that can be utilised to
address some of the concerns about quality
attributes and the biological causes of deterioration
of harvested produce. Due to there being numerous
opportunities to use biotechnology to maintain postharvest quality and safety of fresh produce, priority
should be given to the following goals: attainment
and maintenance of good flavour and nutritional
quality to meet consumer demands and encourage
greater consumption of fresh fruit and vegetables,
introduction of resistance to physiological disorders
and/or decay-causing pathogens in order to reduce
the use of chemicals and delay rotting and
modification of the surface structure and/or
composition of some commodities to reduce their
microbial
contamination
potential.
The
biotechnology R&D required to meet these goals is
currently being done in public- as well as privatesector research organisations. Rodent and insectproofed facilities, established hygiene protocols,
and maintaining the integrity of transport
infrastructure, can all play important roles in
preventing food loss, especially in the developing
world, where the investment for such practices can
be insufficient or non-existent [6, 33].
Developed Countries: While the developing world
would benefit from greater investment in postharvest infrastructure, extension services and
June-Aug 2016
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agricultural technologies to prevent accidental
losses, developed countries should rein in their
indifference when it comes to food. Initiatives
aimed at raising awareness of food-waste issues
among consumers, while also making it easier for
them not to waste, are paramount. Consumer
education campaigns similar to the ones launched
by local governments in large cities such as
Guangzhou, China to reduce energy wastage should
be implemented. These campaigns must include
messages that point to actions that consumers can
adopt to reduce food waste and draw attention to
cost savings as a result of doing so. There is also a
need to review home economics skills and education
in schools to improve in-home food storage,
preparation and cooking skills, as well as
professional practice. In terms of strategies that
could be employed at the retail, manufacturing and
food-service-sector level, the following have been
proposed by Foresight productive recycling of
surplus food for food redistribution or for use as a
component of animal feed or as a source of energy
through anaerobic digestion and composting;
improvements in demand forecasting through the
expanded use of information technology in food
supply chains; and the development and use of
cheap, mass-produced sensor technology that can
detect spoilage in certain perishable foods. The last
approach has the potential to replace some of the
current date marks (e.g., ‘best before’ and ‘use-by’
dates) and provide a more accurate indicator of
freshness of spoilage, which could help reduce
waste [8,34].
CONCLUSION
Post-harvest loss reduction as a panacea to
achieving food security requires a holistic approach
involving all the various stakeholders in the entire
agricultural value chain; government, farmers,
transporters, processors, investors and ultimately
consumers. Government policies should be tailored
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towards the needs of a particular region, a homegrown solution taking into consideration the cultural
awareness of the region. Another area of
intervention is expanded investments, innovations
in sustainable agriculture, including improving
supporting infrastructure and restoring degraded
ecosystems which are an essential component of
long-term economic development. Also, attitudinal
changes in consumer behaviour and massive shifts
in procedure by primary industry (such as food
processors, etc.) and retailers need to be examined
and improved upon. Since it can be observed that
starvation could be solved, in a perfect world,
simply through the re-structuring of equitable food
distribution, these are not the idle concerns they can
sometimes appear to be, amidst the wasteful food
culture of developed nations. Food systems must
shift to better meet human needs and, in the long
term, balance with planetary resources. The sooner
these are implemented, the greater the chance of
achieving food security.
Every available path must be pursued to stem the
tide of waste, but it almost appears that the
psychological tendency to waste resources would be
harder to fix than the food loss difficulties of
developing countries.
In conclusion, the global
community must operate within three limits: the
quantity of food that can be produced under a given
climate, the quantity needed by a growing and
changing population and the effect of food
production on the environment.
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