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Abstract

Food is lost and wasted to varying extents across all stages of the food value
chain and for all types of food, negatively impacting food security. In Nigeria, it
has been revealed that a significant quantity of food is lost both before and after
storage, with losses of up to 20-30% of all grains, 30-50% of roots and tubers,
and a larger proportion of fruits and vegetables. Despite the Nigerian
government's primary agricultural policy being to achieve food security and self-
sufficiency, the agricultural sector has steadily deteriorated over the years due
to inadequate government attention. One of the primary causes of food insecurity,
particularly in developing countries like Nigeria, is high postharvest losses and
waste resulting from inadequate food processing and storage facilities, as well
as negligence or a deliberate decision to discard food. This paper reviews the
basic concept of food loss and waste, examines food security and the Nigerian
situation, and discusses the challenges to food sufficiency, the implications and
potential benefits of food loss, as well as some possible approaches to reducing
food loss and waste in Nigeria. Thus, reducing food loss and waste is one of the
leading global strategies for achieving a sustainable food future. Practical and
cost-effective approaches could be implemented to attain mid-term gains once
put into place. The review recommends the development of a food loss and waste
measurement protocol and increased investments in reducing postharvest losses
in Nigeria.

Keywords: Food security, Food waste, Food value chain, Postharvest loss, Measurement protocol,
Self-sufficiency

Introduction

Food is, without a doubt, the most basic of all human survival needs. Although numerous
efforts have been made to improve the quality and production of global food supplies,
food insecurity remains prevalent, particularly in the southern nations of Asia and Africa.
Nigeria, a country of over 200 million people, faces a pressing food security crisis.
According to the Food and Agriculture Organization (FAQO), approximately 25.3% of
Nigeria's population is undernourished. With a rapidly growing population projected to
surpass 400 million by 2050, the World Bank estimates that agricultural production must
increase by at least 70% to meet the rising demand for food. Yet, despite its fertile land
and a predominantly agrarian economy, Nigeria continues to struggle with food
insecurity (UNICEF, 2021). Due to the lack of infrastructure facilities, such as good
roads, processing and storage equipment, as well as inadequate marketing information,
large quantities of agricultural produce go to waste (Gernah et al., 2013).

In Nigeria, it has been revealed that a significant quantity of food is lost both before and
after storage, with losses of up to 20-30% of all grains, 30-50% of roots and tubers, and
a larger proportion of fruits and vegetables (Abbas, 2018). In 2020, Nigeria's Ministry of
Agriculture and Rural Development reported that approximately 700,000 tons of
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tomatoes were wasted each year (Usman et al., 2023).
According to Schuster & Torero (2016), plants and
animals that are grown or harvested with human
consumption in mind but are ultimately not consumed
by them are referred to as food loss and waste. It
denotes any point in the food value chain where edible
food meant for human consumption loses its mass
caloric content or nutritional value. Within Sub-
Saharan Africa, Nigeria stands out as one of the
countries with the highest levels of severe food
insecurity. Approximately 39 million Nigerians faced
acute hunger in 2020, underscoring the magnitude of
the challenge (FSSS, 2024).

Food loss and waste contribute to food insecurity in
Nigeria. Each year, nearly 15 million metric tons of
food are lost or wasted in the country. This loss occurs
across the value chain, from postharvest handling and
storage to distribution and consumption (Abbas, 2018).
Nigeria is grappling with a high prevalence of chronic
undernourishment. Between 2019 and 2021, an
estimated 22 million people in the country experienced
persistent hunger (UNICEF, 2021). Approximately
one in every four calories grown to feed people is not
ultimately consumed by humans (Doss et al., 2018).
Food is lost and wasted to varying extents across the
globe, at all stages of the food value chain, and across
all types of food. As a result, overall global food
availability is lower than it should be, negatively
affecting food security (Adegbola, 2011) and requiring
the planet's agricultural system to produce additional
food to compensate for the food that people ultimately
do not consume.

As a strategy for closing the food gap between the food
available today and that needed in 2050 to adequately
feed the planet's projected 9.3 billion people, reducing
food loss and waste can alleviate poverty and provide
gender benefits while reducing pressure on
ecosystems, climate, and water (Adegbola, 2011).
Until recently, there has been a lack of a uniform
definition of food waste and loss (Xue & Liu, 2019).
Various definitions have been used in the literature and
in policy documents (Bellemare et al., 2017; Fabi et al.,
2021). This lacuna hinders analyses of food waste and
loss, including its precise measurement at national,
regional, and global scales. The FAO, therefore,
provides a definition, defining food loss and waste as
the "decrease in quantity or quality of food along the
food supply chain” (FAO, 2019). In this definition,
food losses occur throughout the food supply chain,
from harvest to retail, and food waste occurs at retail
and during consumption (Cattaneo et al., 2021). Others
have expanded the definition to include pre-harvest, as
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well as quantitative and qualitative, food losses
(Delgado et al., 2021). "Food loss" refers to a decrease,
at all stages of the food chain before the consumer
level, in the mass of food that was initially intended for
human consumption, regardless of the cause
(Baributsa, 2012).

Food loss typically occurs at the production, storage,
processing, and distribution stages of the food value
chain, and it is the unintended result of agricultural
processes or technical limitations in storage,
infrastructure, packaging, and/or marketing. "Food
waste" refers to food that is of good quality and fit for
human consumption but that does not get consumed
because it is discarded either before or after it spoils
(Bloom, 2011). Food waste typically, but not
exclusively, occurs at the retail and consumption
stages of the food value chain and is often the result of
negligence or a conscious decision to discard food.
Therefore, food that was initially meant for human
consumption but is removed from the food chain is
considered food loss or waste, even if it is then used as
animal feed or bioenergy (Bond et al., 2013).

Performance of Agriculture in Nigeria

Agriculture has been a major contributor to the
Nigerian economy since independence. The
agricultural sector has been transformed by
commercial activities, evolving from small to medium
and large-scale market levels. The principal cash crops
include cocoa, oil palm, and rubber, while the major
staple foods are rice, cassava, yams, maize, taro,
sorghum, and millet (Matemilola, 2017). The
production of timber and the rearing of livestock, such
as goats, sheep, cattle, and poultry, as well as artisanal
fisheries, are other common preoccupations of
smallholder farmers in Nigeria (Offu & Offu, 2013).
Nigerian farmers are predominantly small-scale
subsistence farmers, totalling approximately 14
million, with an average farm size of 1 hectare in the
south and 3 hectares in the north of Nigeria (Corporate
Nigeria, 2011).

Although the Federal Government has neglected the
sector since the discovery of commercial quantities of
petroleum resources in the 1990s, the significance of
agriculture to the Nigerian economy cannot be
overstated (Adene & Oguntade, 2006). The type of
crop cultivated in various regions of the country
depends on soil characteristics and climatic conditions.
However, due to the discovery of oil in most of the
southern region of the country, agricultural activities
have been significantly limited, resulting from the
consequential industrialisation and frequent oil spills
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(Matemilola, 2017). Also, agricultural activities in the
north are sometimes plagued by extreme weather
conditions, such as drought and flooding during the
rainy season. The south-west and south-east have, over
the years, had relatively balanced conditions for
agriculture, but unfortunately, these two regions also
have the highest levels of education in the country and
mostly seek opportunities outside the agricultural
sector.

Food Security and the Nigerian Situation
Food security is defined as the availability of food and
one's access to it (Wikipedia, 2013). A household is
considered food secure when its occupants do not live
in hunger or fear of starvation. Food security in a
country exists where all people, at all times, have
physical, social, and economic access to sufficient,
safe, and nutritious food that meets their dietary needs
and food preferences for an active and healthy life
(FAO, 2019). In Nigeria, access to adequate and
nutritious food is generally limited by low income and
poverty, largely because nutritious food is usually
expensive. Food security is crucial on a global scale as
it provides essential health, social, and economic
advantages to the human population. Therefore, to
achieve the Sustainable Development Goal of zero
hunger (Goal 2), it is imperative to assess the progress
of food security, particularly in developing countries
(Onwe et al., 2024).
Within Sub-Saharan Africa, Nigeria stands out as one
of the countries with the highest levels of severe food
insecurity. Approximately 39 million Nigerians faced
acute hunger in 2020, underscoring the magnitude of
the challenge (FSSS, 2024). Nigeria is grappling with
a high prevalence of chronic undernourishment.
Between 2019 and 2021, an estimated 22 million
people in the country experienced persistent hunger
(UNICEF, 2021). Food loss and waste contribute to
food insecurity in Nigeria. Each year, nearly 15 million
metric tons of food are lost or wasted in the country.
This loss occurs across the value chain, from
postharvest handling and storage to distribution and
consumption.  Addressing this issue requires
investment in improved infrastructure, technology, and
consumer awareness to reduce food waste and increase
efficiency (Adedokun, 2021).
According to Offu & Offu (2013), processing of
agricultural materials is very beneficial in several ways
and generally ensures food security in the following
ways:

e Provision of agro-raw materials, thus reducing

wastage;
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e Increases economic gains of those involved in

the food supply chain;
e Guarantees long-term availability of food
products;

e Extension of shelf life of agro-raw materials;
e Reduces import dumping and capital flight in
the country.
¢ Enhance food quality by transforming various
food products.

The risk of Nigeria facing a food crisis is real, given
the recent surge in the prices of staples and shortages
of other food items (World Bank, 2023). The rising
food prices have spread across the country, as the
prices of staples such as bread, wheat, garri, sugar,
edible oil, and onions, among others, have all increased
in recent months. With the importation of staple food
items, the country is not guaranteed food security
(Osaze, 2009). Hence, with population growth and the
agricultural sector stagnating, the production of food
for domestic consumption is not keeping pace with
population growth, resulting in many mouths to feed
and less food on the table. Gbadamosi & Akanmu
(2024) and Nwokedi et al. (2018) opine that the only
option is importation. According to the FAO (2019),
Nigeria spent approximately $ 28 billion importing
food. Also in the same year, an estimated 3.7 million
metric tons of wheat were imported, mainly from the
United States and Canada. Nigeria is considered the
third-largest importer of wheat in Africa and the largest
importer of rice on the continent (Nwokedi et al.,
2018). The import-dependent nature of a constant food
supply cannot be sustained during times of severe
global food crises. This scenario can compromise the
country's sovereignty and social stability, as recently
observed in Tunisia and Egypt (Osaze, 2009).

Causes of Food Insecurity in Nigeria

Food insecurity is a multifaceted problem. It is quite an
uphill task discussing the driving factors for food
insecurity in Nigeria. Nigerians often lack enthusiasm
for local products and tend to consider them inferior to
imported food products (Matemilola, 2017). The
emergence of the oil sector marked the decline of the
agricultural sector, as the huge revenue generated from
petroleum products shifted attention away from
agriculture. The government embarked on food
importation, and local production shrank away,
especially as wealth from oil changed the status and
tastes of many Nigerians in favour of foreign goods
(Otaha, 2013). Also, socio-political instability,
economic downturn, civil war, dwindling human
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resource base, gender inequality, education decadence,
poor health facilities, and the general loss of good
governance have further degraded food accessibility.

Any effort to reduce food loss and waste must begin
with a diagnosis of where it occurs. Regionally, about
56 per cent of total food loss and waste occurs in the
developed world (North America, Oceania, Europe,
and the industrialised Asian nations of China, Japan,
and South Korea). In contrast, the developing world
accounts for 44 per cent of the loss, with approximately
1,500 kcal per person per day lost or wasted from farm
to fork (Lipinski et al., 2013). In terms of stages of the
food value chain, 24 per cent of global food loss and
waste occurs at production, another 24 per cent during
handling and storage, and 35 per cent at consumption.
These three stages account for more than 80% of global
food loss and waste (FAO, 2019). Food loss and waste
apply to food products in the value chain starting from
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the moment that crops are ripe in the field, plantation,
or orchard, animals are on the farm, in the field, sty,
pen, shed, or coop, ready for slaughter, Milk has been
drawn from the udder, or aquaculture fish are mature
in the pond. Wild fish have been caught in the net (Al-
Zahrani et al., 2018). The value chain ends the moment
food products are consumed, discarded, or otherwise
removed from the food chain. Therefore, food that was
originally intended for human consumption but is
removed from the food chain is considered food loss or
waste, even if it is then used as animal feed or
bioenergy (Lipinski et al., 2013).

Where Food Loss and Waste Occurs in Nigeria
Food loss and waste can occur at each stage of the
food value chain. Figure 1 shows some examples of
how they can occur at each stage.

= Handling Processing Distribution -

DEFINITION

During or immediately
after harvesting on

After produce leaves the
farm for handling, storage,

the farm and transport or packaging
INCLUDES
Fruits bruised during Edible food eaten by pests

picking or threshing

During industrial or
domestic processing and/

Milk spilled during pas-

Losses in the home
or business of the

consumer, including
restaurants/caterers

During distribution

to markets, including
losses at wholesale and
retail markets

Edible produce sorted out Edible products sorted

Crops sorted out post-
harvest for not meeting
quality standards

Crops left behind in
fields due to poar
mechanical harvesting or
sharp drops in prices

Fish discarded during
fishing operations

Edible produce degraded by
fungus or disease

Livestock death during
transport to slaughter or
not accepted for slaughter

Fish that are spilled or
degraded after landing

teurization and processing due to quality out due to quality
(e.q., cheese)
Edible fruit or grains Edible products expired Food purchased but

sorted out as not suitable not eaten

for processing

before being purchased

Food cooked but
nof eaten

Livestock trimming
during slaughtering and
industrial processing

Edible products spilled
or damaged in market

Fish spilled or damaged
during canning/smoking

Figure 1: Food loss and waste along the value chain
Source: Lipinski, et al. 2013

However, in this review, food loss and food waste do
not include:

e By-products, such as bones, organs, skin,
seeds, peels, hulls, and bran, could be
considered unavoidable food waste because, in
a specific supply chain, they are not intended
for human consumption and are discarded or
used in non-food products.

e Surplus food that is redirected to food banks
and subsequently eaten by people.

e Food grown intentionally for feed, seed or
industrial use.

e Overconsumption
caloric needs.

beyond  recommended

Challenges to Food Sufficiency

Experts say that the goal of food self-sufficiency will
be a mirage if the government fails to adequately tackle
the numerous challenges confronting the agricultural
sector, especially in food production (Osaze, 2009).
Much like other sectors of the economy, such as
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manufacturing, the challenges bedevilling the
agricultural sector are pervasive in the economy.
Experts have highlighted the challenges confronting
adequate food production, including a poor
infrastructural base, low-capacity utilisation, capital
constraints, technical know-how, labour and human
resources constraints, as well as policy, environmental,
and cultural constraints. The weak infrastructural base
undoubtedly negatively impacts the agricultural sector
in Nigeria. Additionally, poor electricity and a
dilapidated road network pose serious challenges to
achieving food self-sufficiency (Al-Zahrani et al.,
2018). Farmers often lament the loss of harvested
perishable food items due to a lack of electricity in
storage facilities and a poor road network that hinders
their quick conveyance to urban centres, where they
are in high demand. Most rural communities, which are
traditionally farming centres, are bereft of electricity
and an accessible road. Thus, perishable items such as
vegetables, legumes, and fruits are often wasted due to
decay.

Osaze (2009) reported that another major challenge to
food sufficiency is the shortage of manpower, as most
youths have relocated to urban centres in search of
better living conditions. The few who form a majority
of the farming population are also ill-equipped to take
advantage of new technology and farming methods
provided by extension officers. This is mostly due to
cultural factors, which are often reinforced by
illiteracy. "These farmers often hold on to traditional
methods of farming and are skeptical about new
technologies (Gbadamosi & Akanmu, 2024). Poor
funding for farmers is a major constraint to improved
food production. Despite the government's efforts to
make credit facilities available to farmers, many still
cannot access soft loans due to lending policies. Most
farmers cannot afford the collateral required for
obtaining a loan. "Most farmers are going to have a
hard time getting funds from the banks, given the
recent CBN posture on risk management. Even the
agricultural facility provided by the CBN at a low
interest rate was not fully disbursed, as only a few
farmers met the requirement to get the loan," says a
staff member of a commercial bank who pleaded
anonymity. Sub-Saharan Africa, including Nigeria, is
reputed to have the least farm irrigation in the world,
with approximately 4.5 per cent of farmland receiving
irrigation.

Implication of Food Loss and Waste
Food loss and waste have negative economic and
environmental impacts. Economically, they equate to a
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wasted investment that reduces the economic well-
being of actors in the food value chain. For instance,
food waste at the consumption stage costs an average
of US $1,600 per year for a family of four in the United
States and £680 (approximately US $1,000) per year
for the average household in the United Kingdom
(FAO, 2012). Approximately US$32 billion worth of
food is discarded in China annually (FAO, 2012). In
sub-Saharan Africa, where many farmers earn less than
US $2 a day, postharvest losses have a value of up to
US $4 billion per year (World Bank, 2023).
Environmentally, food loss and waste represent
unnecessary greenhouse gas emissions and wasted
water and land (Lipinski et al., 2013).

Globally, the amount of food loss and waste in 2009
was responsible for roughly 3,300-5,600 million
metric tons of greenhouse gas emission (carbon
dioxide equivalent); the upper end of which is almost
equivalent to the amount of carbon dioxide emission
from energy consumption by the United States in 2011
(Kummu et al. 2012). Food loss and waste are
associated with approximately 173 billion cubic meters
of water consumption per year, which represents 24%
of all water used for agriculture (EIA, 2012). The
amount of cropland used to grow this lost and wasted
food is approximately 198 million hectares per year, an
area about the size of Mexico (Grace et al., 2012), and
28 million tons of fertiliser are used annually to grow
this lost and wasted food (Affoh et al., 2022). Beyond
these qualified impacts, natural landscapes and the
ecosystem services they provide are also adversely
affected by the resources that go into producing this
lost and wasted food.

Potential Benefits of Reducing Food Loss and
Waste

In 2002, the European Commission set a target to
reduce by 50% the rate of food loss and waste in
Europe by 2020 (Gunders, 2012). If this target were
extended globally to 2050, analysis suggests that
achieving it would reduce the need to produce 1,314
trillion Kcal of food per year in 2050 (Lipinski et al.
2013). In other words, reducing the global rate of food
loss and waste from 24 per cent of calories to 12 per
cent would close roughly 22% of the 6,000 trillion
Kcal per year gap between the food available today and
that needed in 2050 (Hazlewood, 2012). Thus,
reducing food loss and waste could be one of the
leading global strategies for achieving a sustainable
food future. Pilot efforts in Benin, Cape Verde, India,
and Rwanda have documented reductions in food loss
of more than 60% during field trials of various low-

44



Usman et al. (2025)

cost storage techniques and handling practices
(Hirvonen, 2012). Even if approaches to reducing
losses at the production and storage stages in
developing countries prove successful, these gains
may be offset by increases in food waste at the
consumption end of the food value chain as the global
middle class expands (WFP, 2013). Nevertheless, the
potential scale and multiple benefits of reducing food
loss and waste make the effort worthwhile and
desirable (Theodore et al., 2023).

Possible Approaches for Reducing Food Loss and
Waste

A wide range of approaches for reducing food loss and
waste are in use; for instance, building roads and
introducing electric-powered refrigeration in low-
income countries would likely reduce food losses
during the handling and storage phase by enabling
fresh food to get to market more quickly and by
preventing spoilage (ICIPE & IDRC, 2012). A subset
of approaches that are practical and cost-effective
could be implemented quickly and achieve mid-term
gains once put into place. Some interventions, such as
evaporative coolers for storage, directly impact food,
whereas others, like consumer education campaigns,
indirectly affect food by influencing people's
consumption behaviour.

Food redistribution

Food distribution or donation programs are a method
of reducing both food loss and waste. Food
redistribution means voluntarily giving away food that
would otherwise be lost or wasted to recipients, such
as food banks, which then redistribute the food to those
who need it. This strategy applies at the production
stage with crops that would otherwise go unharvested,
at the manufacturing stage with overproduced
products, and at the distribution and market stage with
food left unsold at stores and markets. There are
several reasons why edible grains, fruits, and
vegetables never leave the field. Some food might go
unharvested due to economic realities. If the price of a
given crop is too low to even pay for the labour
required to pick that crop and the transport cost
associated with selling it, it may be economically
rational for the farmer to let that food be lost.

Crops may also not be harvested due to weather or pest
damage, blemishes, or imperfections relating to shape,
size, and colour (Kader & Rolle, 2004). At the
manufacturing stage, a good processor might produce
a surplus amount of food to meet an order, but then the
order is reduced by the retailer. This food is then
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available to be redistributed to a food bank (Kimenju
et al., 2009). At the market stage, surplus food may be
generated when a store purchases too much of a certain
item that then approaches or exceeds the "sell by" or
"display until" date printed by the manufacturer
(Kimenju & Groot, 2010). Food is generally still safe
to eat after these dates, as it is only a measure of when
a food item has passed its peak quality. But stores are
unable to sell such items in most places due to local
regulations and consumer concerns that the food has
expired (Kitinoja, 2010). Additionally, fresh-cooked
meals at food retail stores that are not sold by the end
of the day are often thrown away (Kitinoja, 2013).

Evaporative coolers

Evaporative coolers extend the shelf life of food and
prevent spoilage by keeping food at a lower-than-room
temperature without requiring electricity. This low-
cost, low-energy technique offers opportunities to
store perishable food for longer periods in areas that
lack electricity or have low-income farmers. When air
passes over a wet surface, water from the surface
evaporates into the air. As the water evaporates, it
withdraws heat from the surface, creating a cooling
effect on that surface (Baributsa et al., 2014).
Evaporative coolers harness this effect in various
ways, but their general design is similar. One of the
simplest evaporative coolers is “zeer", invented by
Nigerian teacher Mohammed Bah Abba in 1995. The
zeer follows the standard evaporative cooling process,
except that the outside vessel is filled with wet sand
instead of water, which yields an added insulating
effect for the internal vessel. The sand is generally re-
wet twice a day. The zeer itself costs less than USE2
(N4,150) to produce, can hold up to 12 kg, and can be
reused for several years before becoming saturated
with salt and needing replacement (Theodore et al.
2023).

The zeer dramatically extends the shelf life of items,
such as mangoes, tomatoes, and guavas, which might
normally expire within two days without proper
storage, to last up to 20 days in a zeer (Mali, 2018).
Evaporative cooling is a relatively low-cost method of
preserving fruits, vegetables, roots and tubers,
especially in regions where electric refrigeration is
either prohibitively expensive or unavailable due to
lack of a reliable electricity supply (Searchinger et al.,
2013). Almost all of the costs associated with
evaporative cooling are up-front, which provides
certainty regarding the expenses of using the cooler.
Furthermore, the materials necessary to construct an
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evaporative cooler are typically locally available and
relatively easy to acquire (Morath, 2018).

Plastic storage bags

Damage from pests is a major source of food loss
during the handling and storage phase of the supply
chain. Cowpea, for instance, is an important crop due
to its ability to adapt to dry, hot conditions (Think. Eat.
Save, 2013). The crop is especially important in the
West and Central African regions, which account for
approximately 69% of the world's total cowpea
production by volume (UNEP, 2013). However,
damage to cowpeas from insects can result in lower
prices for farmers and even in outright loss of the crop
(UNDP, 2011). Researchers at Purdue University in
the United States have worked to mitigate this damage
by developing a simple, reusable plastic storage bag,
known as the "Purdue Improved Crop Storage" (PICS)
bags. The bags are triple-layer, hermetic bags used by
smallholder farmers to store grains and legumes
without the use of chemical pesticides. The bags create
a low-oxygen environment that suffocates and Kkills
storage pests, thereby protecting crops from insect
infestations, weight loss, and mycotoxins (Williams et
al., 2017). PICS bags allow the crop to remain in
storage for many months without degradation in
quality due to pests. The Purdue Improved Crop
Storage (PICS) bag has proven to be an effective
alternative to chemical pesticides for stored grain. This
bag features two liners made of high-density
polyethene (HDPE) and an outer layer composed of
woven polypropylene. Together, they create low-
oxygen environments that reduce insect development
(Anankware et al. 2013).

As much as 98% of all insect pests can be eliminated
within just one month of storage, reducing damage and
weight loss caused by feeding (Williams et al., 2017).
Several barriers exist to the widespread use of PICS
bags. The limited availability of PICS bags is a primary
constraint in many countries, primarily due to an
insufficiently dense network of Agricultural input
retailers (Mmereki et al., 2024). For instance, the
average distance to PICS retail is nearly 13km in some
parts of Niger (World Bank, 2023). In a survey of
Nigerian villages not part of any PICS pilot project,
only about half of the survey respondents had heard of
the PICS bags, suggesting that word of mouth is
insufficient to spread awareness of a new technology
(World Food Programme, 2013). Extension services
play a crucial role in spreading awareness of new
technologies, such as PICS bags, and educating
farmers on their use.
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Small metal silos

Small metal silos, intended for use by one farmer or
household and generally holding between 250-1000kg
of crops, can be an effective strategy for reducing food
loss at storage, especially for cereals and pulses.
Insufficient storage is a major source of food loss for
farmers, especially in developing countries, where
storage structures often do not maintain harvested
crops in hermetic or air-tight conditions. Failure to
have air-tight storage structures allows moisture and
pests to enter containers, potentially causing mould,
toxins, or pest contamination of the crops (WRAP,
2013). When farmers do not possess adequate storage
capabilities, they may have to resort to selling off their
entire crop immediately after harvest, which can mean
at low prices since the supply of a crop relative to
demand is more likely to be high just after harvest
(WRAP, 2013), as a result farmers are not able to retain
surplus crop for sale later, when the value of the crop
might rise as it becomes less available. Insufficient
storage also has consequences for food security, since
farm families may need to purchase a large share of
their food when self-storage options are limited
(WRAP, 2013).

Plastic crates

The use of plastic crates instead of other forms of
containerization has demonstrated a significant
reduction in food losses during handling and storage,
particularly among fruits, vegetables, and other forms
of fresh produce. In developing countries, 19% of fruit
and vegetable loss occurs during the handling and
storage stage of the food value chain (FAO, 2012).
Minimising losses at this stage is especially important
in reducing overall loss and waste, as external and
internal damage and blemishes during this stage can
lead to a high rate of deterioration later in the value
chain (Adegbola et al., 2011). Many common storage
containers used to transport fruits and vegetables can
lead to quality losses, such as bruising or even outright
food loss due to being crushed or smashed during
transport. Sacks and bags, the most commonly used
transportation containers in  many developing
countries, offer little protection against quality loss due
to compression, puncture, and impact (Rapusas &
Rolle, 2009).

Bamboo baskets offer a higher defence against these
sorts of injuries because they are semi-rigid; however,
their rough interior surface can still damage produce.
Avoiding such damage requires the insertion of an
additional lining to protect the produce from basket
interiors, which adds material cost and an extra step to
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the labour involved in the handling process (Rapusas
& Rolle, 2009). Bamboo baskets are often offered as
non-reusable or only last a few uses, which means
those baskets need to be remade or new ones purchased
regularly. Plastic crates avoid many of the pitfalls of
these other container types. Plastic crates are reusable
for a long period, with many lasting approximately 5
years (Rapusas & Rolle, 2009). Although plastic crates
have a higher upfront cost compared to baskets and
sacks, they can have a significantly lower average cost
per use over the long term. For example, one study
found that plastic crates have a lower cost per use and
a lower cost per kilogram for tomatoes compared to
Bamboo baskets and wooden crates in the Philippines.
Likewise, plastic crates increase the value of a
kilogram of fruits and vegetables by up to 16% of the
total market price when compared to using bamboo
baskets for handling and storage (Rapusas & Rolle,
2009).

Plastic crates can also greatly reduce food loss. The
crate's rigidity leads to less damage from impact during
transport, as the crate limits the amount of collision
between the goods. The smoothness of the material
also precludes the need for lining to reduce friction
(Rapusas & Rolle, 2009). Babarinsa et al. (2018) found
that in-transit mechanical damage incurred during
tomato haulage from the north to the south of Nigeria,
when using raffia baskets, was greatly reduced, on
average, from 41.12% to 4.92% in nestable plastic
crates. However, there are some drawbacks to using
plastic crates. Like all reusable storage technologies,
plastic crates can carry and spread crop-eating insects
or illnesses, causing microorganisms when improperly
cleaned between uses (Rapusas & Rolle, 2009).
Farmers may also face difficulties in obtaining crates.
In one study of Nigerian farmers, 78% of farmers felt
that plastic crates would be preferable to palm baskets
and sacks. Yet every single person surveyed reported
that plastic crates were unavailable and felt that they
were too expensive (Adegbola et al., 2011).

Food date labelling

Dates provided on the packaging of food and drinks,
such as "use-by,"” "sell by", and "best before", are
intended to provide consumers with information
regarding the freshness and safety of the food.
However, these seemingly simple dates can actually
confuse consumers about how long it is safe for them
to store food and when they should dispose of uneaten
items. One study, for instance, found that a fifth of food
thrown away by households in the United Kingdom is
discarded due to food being perceived as "out of date",
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when it was still suitable for human consumption
(WRAP, 2011b). This suggests that while some of this
waste may be legitimate due to food safety concerns,
there may be room to reduce unnecessary household
food waste by clarifying the meaning of these dates and
changing the way they are used, displayed, and
interpreted by consumers.

Part of the confusion surrounding product dating is that
there are several different terms that may appear on
packages. For example, three commonly seen terms are
"sell-by", "best if used by", and "use-by", none of
which are required by law. These dates refer to food
quality or the flavour of the food, rather than food
safety, which is a measure of whether the food could
potentially cause illness when eaten. Food date
labelling in Nigeria primarily affects food security
through its impact on food waste, as consumers often
discard safe food past its "best before” date due to
confusion with "use-by" dates. The existing
regulations, enforced by NAFDAC, aim to ensure
consumer protection by distinguishing between quality
and safety dates. However, a lack of clarity regarding
the donation of wholesome, but post-quality-date, food
contributes to waste. At the same time, improved
consumer education and clearer labelling can reduce
waste and support food security (Danilola et al., 2019).

Consumer awareness campaigns

Consumer attitudes and behaviour play a large role in
determining the amount of food that is wasted in
households. Although changing the way people
consume and throw out food can be difficult. A
communication campaign can help influence
consumer behaviour at the household level. Waste of
edible food at the household level occurs for a number
of reasons; for instance, food leftover on one's plate
gets thrown into the garbage. Even if leftovers are
saved for later, they may eventually be thrown out
(Liegear & Manning, 2020). Interestingly, some
consumers do not realise the amount of waste that is
actually occurring in their homes. However, signs of
progress are emerging on how to reduce food waste at
the consumer stage; they are still relatively nascent and
concentrated in a limited number of countries. Scaling
up will require increasingly rapid replication by
consumers and countries.

Reduce portion sizes

For restaurants and other food service providers, food
portion sizes can significantly impact the amount of
food waste generated within their establishments, as
larger portions increase the likelihood that consumers
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will not consume all of the food purchased (US EPA,
2013). Reducing portion sizes for consumers in both
direct and indirect ways can decrease food waste and
save money for the provider. Experience in the United
States highlights the problem. Food portion size in U.S
restaurants has mostly been increasing since the 1970s
(Nielsen & Popkin, 2003). Restaurants use large
portion sizes as a selling point to suggest to consumers
that they are receiving a bargain for the food they
purchase (Young & Nestle, 2002). However, this trend
toward large sizes leads to more food waste when
consumers are unable to finish a meal, and it also
contributes to obesity and excessive food
consumption. On average, American diners do not
finish 17% of the food they buy at restaurants and leave
55% of these leftovers behind (Bloom, 2011). In other
words, approximately 9% of the food purchased at
restaurants is disposed of on-site.

Conclusion

According to the Food and Agriculture Organization
(FAO), approximately 25.3% of Nigeria's population
is undernourished. A significant quantity of food is lost
both before and after storage, with up to 20-30% of all
grains, 30-50% of roots and tubers, and a larger
proportion of fruits and vegetables. In Nigeria, access
to adequate and nutritious food is generally limited by
low income and poverty, largely because nutritious
food is usually expensive. The rising food prices have
spread across the country, as the prices of staples such
as bread, wheat, garri, sugar, edible oil, and onions,
among others, have all increased in recent months. The
government embarked on food importation, and local
production shrank away, while socio-political
instability, economic downturn, a dwindling human
resource base, gender inequality, educational
decadence, poor health facilities, and the general loss
of good governance have further deteriorated food
accessibility. Cutting the global rate of food loss and
waste from 24 per cent of calories down to 12 per cent
would close roughly 22% of the 6,000 trillion Kcal per
year gap between food available today and that needed
in 2050. Thus, reducing food loss and waste could be
one of the leading global strategies for achieving a
sustainable food future. Some interventions, such as
evaporative coolers for storage, directly affect food,
whereas others, such as consumer education
campaigns, indirectly affect food by influencing
people's consumptive behaviour.

Based on the findings of this review, Nigeria should
reduce its reliance on food imports and implement
policies that promote domestic food production.
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Small-scale farmers should receive more funding to
increase their resilience and productivity. This
includes providing them with access to affordable
finance, inputs, and insurance. A "food loss and waste
protocol” would provide guidance and requirements on
what should be measured, how to measure it, what
units of measurement to use, what data sources and
quantification methods are appropriate, how to ensure
comparability among users and over time, and how to
report results, among other features. Armed with this
information, countries would be better equipped to
identify opportunities for food loss and waste
reduction, determine who needs to be engaged to
achieve those reductions, identify appropriate
strategies, set targets, and track progress over time.
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