https://dx.doi.org/10.43 14/dujopas.vi2i3a.9
ISSN (Print): 2476-8316
ISSN (Online): 2635-3490
Dutse Journal of Pure and Applied Sciences (DUJOPAS), Vol.I2 No. 3a September 2026

Food Safety and Public Health in Nigeria:
Strengthening Surveillance, Cold Chain
and Emergency Response

Muzzammil Abdullahi Yunusa'. Ernest Chukwusoro Igwe?,
Munir Abba Dandago' and Aminu Barde'

'Department of Food Science and Technology,
Aliko Dangote University of Science and Technology
Wudil,

Kano State.

’Department of Food Science and Technology,
Nmandi Azikiwe University,

Awka ,

Anambra State

Email Address: neatn2@gmail.com

Abstract

Food safety remains a critical public health challenge in Nigeria, where foodborne diseases contribute
significantly to morbidity and economic losses. Weak surveillance systems, inadequate cold chain
infrastructure and limited emergency response capacity have exacerbated the risks associated with
contaminated food, particularly in rapidly growing urban centres and informal markets. This paper
examines the current state of food safety and public health in Nigeria, with a focus on strengthening
surveillance, improving cold chain systems and enhancing emergency preparedness to build a more
resilient food system. The paper highlights the existing gaps in food safety monitoring frameworks,
including poor data collection, limited laboratory capacity and weak coordination among regulatory
agencies. It also emphasizes the importance of integrating modern technologies and data-driven
approaches to improve early detection and response to foodborne hazards. Additionally, the paper
evaluates the role of efficient cold chain systems in preserving food quality and reducing postharvest
losses, especially for perishable commodities such as grains, fruits, vegetables and animal products.
Furthermore, the research underscores the need for robust emergency response mechanisms capable of
addressing food safety incidents, including outbreaks and contamination events. Strengthening
institutional capacity, promoting stakeholder collaboration, and increasing public awareness are
identified as key strategies for improving resilience. The paper emphasizes that policy reforms, improved
infrastructure, and stronger surveillance systems are essential for sustainable food safety in Nigeria. It
further highlights the need for coordinated action among government, academia, and the private sector
to ensure a resilient food system.

Keywords: Perishebales, Public Health, Surveillance Systems, cold chain infrastructure,
foodborne diseases.

INTRODUCTION

Food safety is now widely recognized as a critical concern at both national and international
levels. This is especially evident in low- and middle-income countries, where exposure to
foodborne hazards persistently threatens public health, reduces economic efficiency, and
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hinders overall social progress (Dassie et al., 2025). Maintaining the safety of food across all
stages of the value chain is fundamental to advancing wider national objectives, including
improved nutrition, strengthened food security, and effective disease prevention. However,
in many developing countries, food control systems are often disjointed and inadequately
funded, which sustains ongoing exposure of consumers to food safety risks (WHO 2024;
Pearson et al., 2024).

Enhancing food safety is a pivotal component of national development strategies, given its
direct implications for population health, agricultural performance, and overall socio-
economic resilience. Extensive evidence demonstrates strong interconnections between
unsafe food, malnutrition, and diverse public health outcomes. The consumption of
contaminated food is a major driver of diarrheal illnesses, which disrupt nutrient absorption,
heighten susceptibility to infections, and increase the likelihood of growth retardation in
children. Moreover, prolonged exposure to toxic substances such as mycotoxins commonly
present in cereals, legumes, nuts, and processed products compromises immune function and
exacerbates deficiencies in essential micronutrients (Gemede, 2025). Global assessments
indicate that contaminated food is responsible for roughly 600 million cases of illness and
about 420,000 deaths each year, with children under the age of five disproportionately affected
and bearing the greatest share of this burden (FAO/WHO, 2020). Food safety should thus be
understood not merely as an aspect of consumer protection, but as a foundational requirement
for attaining nutrition-related Sustainable Development Goals. In Nigeria, a range of
structural and environmental constraints intensifies exposure to food safety hazards. A large
share of food production, processing, and distribution occurs within informal market systems,
where regulatory oversight, hygienic practices, and traceability mechanisms are often
insufficient. In addition, ineffective enforcement of existing regulations, institutional overlaps
among bodies such as National Agency for Food and Drug Administration and Control
(NAFDAC) and Standards Organisation of Nigeria (SON), limited access to safe water, and
inadequate waste management infrastructure collectively sustain persistent food safety
challenges (Abubakar, 2025).

Furthermore, limited cold-chain capacity heightens the vulnerability of perishable food
commodities to microbial spoilage and contamination. These challenges are compounded by
climate change, which modifies precipitation patterns, intensifies temperature variability, and
creates favorable conditions for the proliferation of foodborne pathogens and mycotoxin-
producing fungi (Garcia-Cela and Marcon, 2024). The purpose of this review is to critically
examine the current state of food safety and public health in Nigeria, with particular emphasis
on surveillance systems, cold chain infrastructure and emergency response mechanisms and
to identify existing challenges and evidence-based strategies for strengthening these systems
to reduce the burden of foodborne diseases and enhance public health resilience.

GENERAL OVERVIEW OF THE TOPIC

Food safety represents a major global concern, with particular significance in low- and
middle-income countries (LMICs), where the consumption of contaminated foods especially
vegetables plays a substantial role in the burden of foodborne diseases and related mortality.
Although LMICs account for about 41% of the global population, they experience
approximately 75% of all deaths associated with foodborne illnesses (Grace, 2023). Nigeria, a
lower-middle-income country undergoing economic and social transition, continues to
experience a substantial burden from foodborne diseases. It is estimated that foodborne
illnesses contribute to around 173 million cases of diarrheal disease annually, resulting in
approximately 33,000 deaths, alongside significant economic losses linked to morbidity and
mortality, which are projected to exceed USD 6 billion each year (Jaffee et al., 2018).
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Conventional food markets in Nigeria, continue to serve as the primary source of food for the
majority of consumers, with many low-income households relying almost entirely on these
traditional market systems to access nutrient-dense food products (Adeosun et al., 2022). The
existence of food safety concerns within Nigerian food markets has been well established and
widely reported in the literature (Kuboka et al.,, 2024). This indicates clear evidence of
inadequate handling practices within markets, including the exposure of vegetables to dust
due to improper storage or leaving them uncovered, as well as the washing or prolonged
soaking of produce in contaminated or unclean water, all of which heighten the risk of
microbial and chemical contamination of food items (Makinde et al., 2020). Food hygiene
remains a major public health priority for many nations, as contaminated food serves as a
significant source of microbial infections, foodborne poisoning, and substantial economic
losses arising from food spoilage (Adeosun et al., 2022). Regardless of whether they operate in
open-air or enclosed settings, many traditional markets across low- and middle-income
countries (LMICs) are characterized by inadequate infrastructure, limited access to safe and
clean water, poor sanitary conditions and insufficient storage facilities (Kuboka et al., 2024).

FOOD SAFETY CHALLENGES IN NIGERIA

Nigeria is confronted with a range of interrelated food safety challenges that collectively
compromise public health outcomes, nutritional well-being and broader national
development objectives (Abubakar, 2025). These issues stem from a combination of structural
deficiencies, environmental stressors and infrastructural constraints that influence multiple
stages of the food value chain. Addressing them effectively, is crucial for enhancing the safety,
quality and overall reliability of food available to the population (Njoagwuani et al., 2023).
There is a clear need to implement a comprehensive capacity-building and training program
that is specifically designed to meet the varied responsibilities of stakeholders involved in
food processing and distribution. In addition, strengthening sanitation practices, improving
transportation and storage systems, and conducting routine inspections are essential
measures for raising food safety standards. These interventions collectively are intended to
reduce exposure to foodborne hazards and minimize the incidence of foodborne diseases
(Odetokun et al., 2025).

FOODBORNE DISEASES SURVEILLANCE GAP

Foodborne disease surveillance within Nigeria is still constrained by several systemic
limitations, including inadequate diagnostic capabilities, poorly equipped laboratory
facilities, and weak coordination between health institutions and food safety regulatory
agencies. As a result, a significant proportion of foodborne illnesses are not recorded or
reported, particularly in rural communities and informal sectors where surveillance
structures are either minimal or entirely lacking (Adewumi, 2025). Consequently, many
outbreaks are identified only after significant delays, while comprehensive and reliable
national data remain limited. This data gap further constrains policymakers, who are often
unable to access the evidence required to design and implement targeted, effective
interventions for food safety management (WHO, 2023). This persistent deficiency continues
to impede the successful implementation of effective food safety control and prevention
strategies.

SAFETY OF EMMERGENCY FOOD AID

In crisis-affected settings, emergency food assistance plays a vital role in sustaining survival;
however, the safety of such supplies cannot always be assured. Challenges including
improper storage conditions, extended transportation in high-temperature environments, and
insufficient packaging practices increase the risk of contamination and deterioration of relief
food. Reports have also indicated cases where expired or substandard food items enter
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humanitarian distribution systems, largely as a result of weak monitoring mechanisms and
logistical limitations (FAO, 2020). Overcrowding, inadequate access to safe water, and poor
hygiene conditions further intensify the likelihood of foodborne disease outbreaks among
displaced populations. Therefore, safeguarding the quality and safety of emergency food
assistance necessitates rigorous monitoring systems and strict compliance with established
humanitarian food safety standards.

BREAKDOWN IN COLDCHAIN LOGISTICS

Cold chain systems remain critically underdeveloped across Nigeria. Frequent interruptions
in electricity supply, limited access to refrigerated transport, and inadequate storage
infrastructure often result in temperature abuse of perishable food items such as meat, fish,
dairy products, and fresh fruits and vegetables (Aung and Chang, 2022). These limitations are
particularly severe in remote and conflict-affected areas, where functional cold chain facilities
are scarce or absent. When refrigeration systems fail, the rate of food spoilage increases
rapidly, microbial proliferation is enhanced, and both the safety and nutritional value of food
are compromised (WHO, 2023). In emergency situations, disruptions in transportation
networks and power supply further weaken cold chain performance, thereby elevating the
risk of food contamination (Adewumi, 2025).

MICROBIOLOGIGAL CONTAMINATION

Sub-Saharan Africa is increasingly confronted with a combined threat to both food security
and public health arising from the rising prevalence of antimicrobial resistance (AMR) and
foodborne zoonotic diseases (Okumu et al., 2025). An increasing level of antimicrobial
resistance has been reported among key bacterial pathogens, including Escherichia coli,
Klebsiella pneumoniae, and Staphylococcus aureus, raising significant concerns for both clinical
treatment outcomes and public health management (Njoga et al., 2025). Similarly, important
zoonotic bacterial pathogens, including Salmonella species, Campylobacter species, and Brucella
species, remain major contributors to disease burden. These organisms are responsible for
widespread infections in both humans and animals, leading to substantial levels of morbidity
and mortality, as well as significant economic losses within livestock production systems and
public health sectors (Beyene et al., 2024).

Microbiological hazards are widely present within the food system in Nigeria. Numerous
studies have documented the contamination of street-vended foods, fresh agricultural
produce, and ready-to-eat meals with pathogenic microorganisms such as Salmonella,
Escherichia coli, Listeria monocytogenes and Staphylococcus aureus (WHO, 2023). These
contamination events are largely driven by factors including poor sanitation practices,
inadequate personal hygiene among food handlers, and the use of unsafe or contaminated
water during food preparation. Informal market environments, where slaughtering,
processing, and food vending often occur under substandard hygienic conditions, are
especially prone to cross-contamination (WHO, 2023). Collectively, these microbiological
risks represent a serious public health concern, with heightened vulnerability among children
and immunocompromised populations (Grace, 2023).

CHEMICAL HAZARDS: AFFLATOXINS, PESTICIDES AND RESIDUES

Although agrochemicals are applied to improve agricultural yields and productivity, their
improper use, together with inadequate regulatory enforcement, has led to extensive
contamination of soils, water bodies and food crops. In many developing countries such as
Nigeria, food security continues to be a major concern, as agricultural systems are increasingly
strained by environmental degradation, the impacts of climate change and the persistent issue
of chemical contamination (Balan et al, 2023). Chemical contamination constitutes a
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significant food safety issue within Nigeria. In particular, aflatoxin contamination frequently
detected in maize, groundnuts, and processed cereal products is largely associated with high
ambient humidity levels, inadequate drying techniques, and substandard storage conditions.
Prolonged exposure to aflatoxins has been linked to serious adverse health outcomes,
including the development of liver cancer, suppression of immune function and stunted
growth in children (Grace, 2023).

Additionally, the misuse and over-application of pesticides, combined with inadequate
farmer training and the circulation of counterfeit agrochemical products, have contributed to
the presence of harmful chemical residues in fruits, vegetables and cereal grains (Oshingbade
et al., 2025). Similarly, residues of veterinary drugs and heavy metals have been identified in
animal-derived foods, reflecting weaknesses in regulatory enforcement and limited capacity
for routine laboratory monitoring and testing. Because these hazards are often not routinely
detected or monitored, they pose significant long-term health risks to consumers (Khalifa et
al., 2025). Taken together, these food safety concerns emphasize the necessity for an
integrated, multisectoral strategy that strengthens surveillance and monitoring systems,
improves cold-chain infrastructure and management, ensures the safe handling and
distribution of emergency food supplies, and enhances overall regulatory and institutional
capacity nationwide (Balan et al., 2023). Effectively addressing these challenges is critical for
protecting public health and building a more resilient food system in Nigeria.

PUBLIC HEALTH IMPACT

Food safety lapses have significant implications for public health in Nigeria, as they contribute
substantially to the prevalence of foodborne diseases, exacerbate malnutrition and increase
overall healthcare spending at the national level. These risks are not evenly distributed, with
vulnerable populations particularly children, pregnant women, older adults, and individuals
with weakened immune systems bearing a disproportionately higher burden (Grace, 2023). A
clear understanding of these consequences is therefore crucial for guiding effective national
policy formulation and enhancing preventive food safety interventions.

BURDEN OF FOODBORNE ILLNESSES

Foodborne illnesses constitute a major yet insufficiently documented public health problem
in Nigeria. At the global level, unsafe food is estimated to be responsible for approximately
600 million cases of illness and around 420,000 deaths each year (FAO/WHO, 2020). In Sub-
Saharan Africa, weak surveillance systems and widespread underreporting contribute to a
disproportionately high burden of foodborne diseases, making it the region with the highest
per capita impact globally. Across Africa, the per-capita burden of foodborne illness is
estimated to be approximately 27 times higher than that observed in Europe or North
America; however, health systems in the region often lack sufficient diagnostic and treatment
capacity to effectively manage these conditions (Okoruwa and Onuigbo-Chatta, 2021).
Although inadequate hygiene and improper food handling practices among traders are
known to contribute to food contamination, relatively few studies have simultaneously
explored the factors influencing the adoption of these practices and their direct implications
for food safety outcomes (Abatan et al., 2025). In Nigeria, diarrheal diseases many of which
are transmitted through contaminated food or water continue to rank among the leading
causes of illness and death. Food contaminated with pathogenic microorganisms such as
Salmonella, Campylobacter, Escherichia coli and Vibrio cholerae is frequently associated with
repeated outbreaks that place considerable pressure on healthcare systems (Abatan et al.,
2025).
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IMPACT ON CHILDREN AND VULNERABLE GROUPS

Vulnerable populations refer to groups of individuals who are unable to adequately protect
or provide for themselves due to various social, economic, physical, or health-related
limitations. Of particular concern within this context are the food safety challenges they
encounter, which significantly increase their susceptibility to foodborne diseases and related
health complications (Njoagwuani et al., 2023). Children under five years of age are especially
vulnerable to foodborne infections because their immune systems are still developing and
they are physiologically less able to withstand pathogenic exposure. On a global scale,
although children constitute approximately 9% of the population, they account for nearly 40%
of deaths associated with foodborne diseases (FAO/WHO, 2020). In Nigeria, the consumption
of unsafe complementary foods, combined with inadequate sanitation and frequent exposure
to contaminated water sources, contributes to repeated episodes of diarrhea that can hinder
both physical growth and cognitive development in children. Other vulnerable groups,
including pregnant women, older adults, and individuals living with HIV/AIDS, also face a
heightened risk of severe outcomes following exposure to foodborne pathogens. In these
populations, even low levels of contamination may result in serious illness, hospitalization,
long-term health complications or mortality (Page et al., 2025).

LINK WITH STUNTING, MALNUTRITION AND IMMUNITY

Food safety is strongly interconnected with nutritional status and overall health outcomes.
Continuous exposure to foodborne pathogens can cause persistent intestinal inflammation,
reduce the efficiency of nutrient absorption, and contribute to environmental enteric
dysfunction a condition closely associated with impaired linear growth and stunting in
children (Page et al., 2025). Furthermore, acute malnutrition may develop as a secondary
consequence of underlying illnesses that disrupt food intake, digestion, absorption, or
nutrient assimilation, while also increasing nutrient losses and elevating the body’s energy
requirements (Agushybana et al., 2025). Mycotoxins especially aflatoxins frequently detected
in staple foods in Nigeria are strongly linked to immune system suppression, deficiencies in
essential micronutrients, low birth weight, and impaired growth among children. In
particular, aflatoxin B1 has been classified by the International Agency for Research on Cancer
as a Group 1 carcinogen, highlighting the serious health risks associated with long-term
exposure (Gemede, 2025). Therefore, mycotoxin contamination affects food systems across
multiple stages, undermining not only the nutritional quality of food but also the stability and
reliability of global food supply chains (Khan et al., 2024).

Repeated episodes of diarrhea caused by contaminated food can further compromise immune
function, establishing a self-reinforcing cycle in which malnutrition increases vulnerability to
infections, while infections in turn worsen nutritional deficits. These interactions play a major
role in the high prevalence of child undernutrition in Nigeria (Grace, 2023). Primary
malnutrition, both acute and chronic, remains widespread in many developing countries due
to insufficient dietary intake and poor sanitation conditions driven by social, economic and
environmental constraints. In addition, acute malnutrition may also arise secondarily from
underlying diseases that disrupt food intake, digestion, absorption, or nutrient utilization,
while simultaneously increasing nutrient losses and elevating metabolic energy demands
(Page et al., 2025). Both acute and chronic malnutrition result from insufficient intake of energy
and/or protein over varying periods and degrees of severity. In many developing countries,
the prevalence of primary acute malnutrition remains high, largely driven by inadequate
dietary intake and poor sanitation conditions, which are themselves influenced by a
combination of social, economic, and environmental factors (FAO/WHO, 2020).
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OUTBREAK AND NATIONAL HEALTH COSTS

Food safety continues to be a critical determinant of both individual and community health
and overall well-being. Addressing it effectively requires a comprehensive and integrated
approach that goes beyond the immediate prevention of foodborne illness to also consider the
long-term sustainability and health implications of food production systems. Such an
approach involves sustained research efforts to track the epidemiology of foodborne
pathogens and the ecology of antimicrobial resistance within the food supply chain. It also
necessitates the advancement of more sensitive and rapid diagnostic tools for detecting
foodborne pathogens, as well as the development of innovative, antibiotic-independent
strategies for enhancing food safety and reducing reliance on conventional antimicrobial
interventions (Helmy et al., 2023). As living standards continue to rise, issues related to food
safety and potential contaminants are expected to remain a significant public health concern.
Food safety challenges and associated incidents may arise from chemical contamination,
biological hazards, poor personal hygiene practices, and environmental factors. Because food
serves as a fundamental source of energy and nutrients necessary for human survival,
consumers increasingly expect high levels of quality and safety in the products they consume.
In general, there is a strong reliance on government institutions to ensure that all food
products are not only safe for consumption but are also accurately labelled and genuinely
represent what they are claimed to contain (Fung et al., 2018).

Foodborne disease outbreaks create considerable health and economic pressures within
Nigeria. The financial burden associated with medical treatment, outbreak response and
investigation, loss of productivity and long-term disability places additional strain on an
already overburdened healthcare system. Recurrent outbreaks of diseases such as cholera,
typhoid fever, and Lassa fever frequently associated with poor food hygiene practices and
environmental contamination lead to widespread morbidity and notable mortality. At a
broader level, the World Health Organization (WHO) estimates that unsafe food results in
approximately US$110 billion in productivity losses and healthcare costs annually across low-
and middle-income countries (WHO, 2020). In Nigeria, where healthcare resources are
already constrained, the economic and social consequences of foodborne diseases
significantly hinder national development and slow progress toward achieving the
Sustainable Development Goals (SDGs), particularly those related to health and nutrition
(Grace, 2023). Overall, these public health burdens underscore the urgent need to strengthen
food safety systems. Key priorities include improving disease surveillance, promoting better
hygiene practices across the food chain, and ensuring effective enforcement of regulatory
standards. Together, these measures are essential for reducing the burden of foodborne
illnesses, enhancing nutritional outcomes and safeguarding vulnerable population groups
(Njoagwuani et al., 2023).

EMERGENCY FOOD AID AND CRISIS RESPONSES

Disaster management strategies are essential in reducing the negative effects of disasters on
nutritional status, especially among vulnerable population groups. The link between disaster
management and nutrition is an important area of inquiry, as it examines how different
emergency preparedness and response interventions affect the availability, accessibility and
quality of food supplies. These factors ultimately have significant implications for overall
public health outcomes (Godwins et al., 2024). Foodborne diseases continue to pose a major
public health and socio-economic development challenge across Africa, where weakly
coordinated systems constrain effective preparedness and response efforts. Evidence drawn
from studies in eight African countries, including Nigeria, highlights persistent systemic
weaknesses common across the region. These include fragmented governance structures,
poor inter-agency coordination, insufficiently resourced surveillance systems, uneven
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laboratory diagnostic capacity, limited workforce training, inadequate funding, weak
regulatory compliance and communication mechanisms, as well as poor integration of the
One Health approach across sectors (Abodunrin et al., 2024). Humanitarian emergencies in
Nigeria, driven by armed conflict, population displacement, climate-related shocks, and
widespread insecurity, have generated severe food security challenges that require large-scale
emergency food assistance. Although these interventions are essential for sustaining life,
maintaining the safety, quality and nutritional adequacy of relief food remains a major
concern. Inadequate infrastructure, overcrowded living conditions, and weak regulatory
oversight further increase the likelihood of food contamination, malnutrition and the spread
of infectious diseases among affected populations (Njoagwuani et al., 2023).

SAFETY CHALLENGES IN IDP CAMPS

Internally Displaced Persons (IDP) camps and informal settlements experience substantial
food safety constraints. High population density, inadequate housing, elevated ambient
temperatures, and insufficient storage infrastructure combine to create environments that
accelerate the deterioration of perishable food items. In many cases, IDP camps depend
heavily on bulk food donations, which may be subjected to suboptimal transport conditions
or prolonged storage periods, thereby increasing the likelihood of microbial contamination
and chemical quality degradation (FAO, 2020). Inadequate monitoring and control systems
further create opportunities for expired or substandard food products to circulate within
humanitarian supply chains. In contexts where surveillance mechanisms are weak and
reporting structures are ineffective, foodborne disease outbreaks are frequently identified
only after they have already become widespread, limiting timely response and containment
efforts (Abodunrin et al., 2024).

HYGIENE AND SANITATION ISSUES

Poor hygiene practices and inadequate sanitation infrastructure are key contributors to
foodborne disease outbreaks in emergency environments. Many displacements camps lack
reliable access to safe drinking water, appropriate waste management systems, and functional
handwashing facilities, making hygienic food preparation difficult to achieve. In addition,
communal cooking spaces, which are often congested and poorly maintained, serve as
potential sites for cross-contamination. The use of unsafe water for cooking and cleaning
utensils further exposes displaced populations to pathogenic microorganisms responsible for
diseases such as diarrhea, cholera, and typhoid fever (WHO, 2024). These risks are further
intensified among particularly vulnerable groups, including young children, older adults and
individuals with weakened or compromised immune systems.

INADEQUATE SAFE DISTRIBUTION AND STORAGE

Effective food distribution and storage are critical for ensuring food safety in emergency
contexts. However, in Nigeria, emergency response systems are often disrupted by insecurity,
logistical challenges, and limited cold-chain infrastructure. As a result, perishable foods such
as dairy products, fish, and meat are frequently exposed to temperature abuse during
transportation, thereby increasing the risk of contamination by foodborne pathogens
including Salmonella and Escherichia coli. In many displacement settings, relief food is also
stored in temporary or poorly constructed facilities that lack adequate ventilation,
refrigeration, and pest control measures. These suboptimal conditions facilitate mold
proliferation, increase the risk of aflatoxin contamination in staple foods, and encourage pest

infestations, all of which significantly compromise food quality and safety (Emmanuel et al.,
2022).
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INADEQUATE NUTRITIONAL SUPPORT FOR CRISIS-AFFECTED POPULATION
Beyond issues of safety, emergency food assistance must also adequately meet the nutritional
requirements of vulnerable populations who face an elevated risk of malnutrition. In crisis
situations, affected communities often experience disrupted livelihoods, reduced access to a
diverse range of foods, and increased physiological stress. Consequently, deficiencies in
essential micronutrients, as well as acute malnutrition and wasting, are frequently observed,
with children, pregnant women, and lactating mothers being the most affected groups
(FAO/WHO, 2020). Poor nutritional quality of relief food supplies particularly the absence of
fortified products and inadequate availability of protein-rich foods can slow recovery among
crisis-affected populations and extend their reliance on humanitarian assistance. To address
these gaps, it is important to reinforce nutrition-sensitive interventions, including the
provision of fortified blended foods, ready-to-use therapeutic foods (RUTF) and targeted
supplementary feeding programs, as these measures are critical for enhancing resilience and
improving overall health outcomes.

COLD CHAIN LOGISTICS IN NIGERIA

Enhancing nutritional status is a fundamental element of strategies aimed at achieving
sustainable development and improving overall health and well-being. However, meaningful
progress in population nutrition cannot be achieved without systematic monitoring of the
nutritional status of vulnerable groups. In this regard, surveillance tools such as micronutrient
surveys are essential, as they enable stakeholders to assess the prevalence of malnutrition,
identify key micronutrient deficiencies of public health significance, and determine
populations that are at heightened risk (Lung’aho et al., 2023).

IMPORTANCE OF COLD CHAIN IN PERISHABLES

Cold chain logistics are vital for preserving the safety, quality, and nutritional integrity of
perishable food items, as well as maintaining the effectiveness of temperature-sensitive
medical commodities such as vaccines. In Nigeria, cold chain systems are particularly
important for handling products such as dairy, meat, fish, fruits, vegetables and ready-to-eat
foods. When properly implemented, these systems help to limit microbial proliferation,
reduce spoilage losses, and lower the incidence of foodborne diseases, thereby contributing
to improved public health outcomes and strengthened food security. However, despite their
importance, cold chain infrastructure in Nigeria remains largely underdeveloped and
fragmented, especially in rural areas and regions affected by insecurity or conflict (FAO, 2020).
A major constraint within the system is that a large proportion of fresh produce originating
from the northern Nigeria is transported to and consumed in the southern parts of Nigeria,
requiring long-distance movement through a poorly developed road network. The absence of
an uninterrupted cold chain significantly contributes to postharvest losses along this
distribution route. It is estimated that less than 10% of fresh agricultural produce is handled
under proper cold chain conditions, despite the extensive distances involved in its
transportation. In addition, limited access to reliable supply chain data and the scarcity of
market intelligence further hinder effective decision-making, planning and optimization
among stakeholders involved in the food distribution system (Onwude et al., 2023).

A reliable cold chain ensures that perishable foods maintain their safety standards from farm
to consumer. For dairy and meat products, proper refrigeration prevents microbial
contamination and the proliferation of pathogens such as Salmonella, Listeria monocytogenes,
and E. coli. (WHO, 2024). The disruption of cold chains can lead to large-scale spoilage,
economic losses, and increased public health risks (Pedro, 2023).
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INFRASTRUCTURAL WEAKNESS IN RURAL AND CONFLICT ZONES

Several structural challenges hinder effective cold chain operations in Nigeria. Rural areas,
which supply a significant proportion of fresh agricultural products, often lack electricity,
storage facilities and temperature-controlled transportation. In conflict-affected zones
particularly regions with displaced population’s cold chain systems are frequently disrupted
due to insecurity, road damage, and fuel shortages. These weaknesses contribute to high post-
harvest losses, estimated at 40-50% for some perishable commodities, in addition to the high
cost of diesel, frequent grid collapse and dependence on generators further undermine cold
chain reliability (Awotayo et al., 2025).

STRATEGIES FOR IMPROVEMENT IN COLD DISTRIBUTION

Cold chain distribution is a complex system requiring coordinated management of
temperature, infrastructure, supply chain processes and product characteristics (Pedro, 2023).
Maintaining consistent temperature is essential to prevent spoilage and ensure safety,
supported by reliable refrigeration and monitoring systems (Lung’aho et al., 2023). Adequate
facilities, including cold storage and insulated transport, are crucial, especially in resource-
limited settings. Supply chain complexity demands improved coordination, traceability and
logistics optimization through digital tools (Onwude et al., 2023). Additionally, product-
specific handling aligned with shelf life is necessary. Strengthening capacity, enforcing
regulations and adopting best practices are vital. Overall, integrated strategies enhance
efficiency, product quality, and public health outcomes (Aung and Chang 2023).

F%hg;:?sd Other Factors

Fundamental of cold chain management (Aung and Chang, 2023).

LOW-COST INNOVATION FOR NIGERIA COLD CHAIN’S

Sustainability is critical in maintaining food safety while addressing environmental and
energy concerns. Low-cost, energy-efficient technologies such as solar-powered cold storage,
evaporative cooling chambers, and insulated transport crate —offer practical solutions for
rural and resource-limited settings (Lung’aho et al., 2023). These innovations reduce post-
harvest losses, extend shelf life, and minimize greenhouse gas emissions associated with
conventional refrigeration systems (abubakar, 2025). Community-managed cold hubs and
cooperative storage facilities also provide shared access to safe storage, increasing market
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opportunities for smallholder farmers (Dassie et al., 2025). Given the economic constraints in

many regions, low-cost innovations offer practical and scalable solutions. Examples include:

% Solar-powered cold boxes and coolers, now widely used for vaccines and increasingly
adapted for food storage.

% Evaporative cooling systems (e.g., “zero-energy cool chambers”) suitable for fruits and
vegetables in rural markets.

% Insulated transport crates for small-scale farmers, enabling short-distance temperature-
controlled movement without requiring full refrigerated trucks.

% Community-operated cold hubs where farmers rent space for short-term storage, reducing
post-harvest spoilage.
These innovative approaches help extend the shelf life of perishables and improve market
access for smallholder farmers.

SURVEILLANCE, MONITORING AND REGULATION

Effective food safety management relies on robust surveillance, monitoring, and regulatory
systems. In Nigeria, these systems are designed to prevent, detect, and respond to foodborne
hazards, but significant challenges continue to undermine their effectiveness. Addressing
these gaps is critical for protecting public health, ensuring compliance with standards and
building consumer confidence (Awotayo et al., 2025).

CURRENT REGULATORY SYSTEM

Nigeria’s food safety regulatory framework is multi-layered, involving several agencies with
overlapping mandates. The National Agency for Food and Drug Administration and Control
(NAFDAC) oversees the regulation of processed foods, drugs, and some agricultural
products. The Standards Organisation of Nigeria (SON) sets and enforces product and quality
standards, while State Ministries of Health and Agriculture implement localized food safety
programs. Additionally, the Federal Ministry of Health and Ministry of Agriculture
coordinate broader policy initiatives and public awareness campaigns. Despite this structure,
coordination among agencies is often limited, resulting in fragmented oversight and variable
enforcement across states.

GAPS IN ENFORCEMENT

Weak enforcement is a major challenge for Nigeria's food safety system. Regulatory agencies
face constraints such as limited personnel, inadequate laboratory infrastructure, and
insufficient funding. In informal markets, where a large portion of food is produced and sold,
inspections are irregular or nonexistent, allowing unhygienic practices to persist. Moreover,
overlapping jurisdictions between federal and state agencies sometimes create confusion over
responsibility, delaying corrective action and undermining compliance (Emmanuel et al.,

2022).

NEED FOR MODERN TESTING TECHNOLOGY

Modern diagnostic and testing technologies are essential for detecting microbial, chemical,
and physical contaminants in food. In Nigeria, many laboratories still rely on outdated
methods that are time-consuming and less sensitive, limiting the ability to identify emerging
hazards such as antibiotic residues, mycotoxins, and pesticide contamination (FAO, 2020).
Adoption of rapid test kits, high-performance liquid chromatography (HPLC), polymerase
chain reaction (PCR)-based detection and other advanced techniques can enhance
surveillance, improve response times and increase public confidence in food safety (FAO,
2020).
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INFORMATION-SHARING AND DATA GAPS

Reliable data and information-sharing are vital for effective monitoring and evidence-based
policymaking. In Nigeria, significant gaps exist in reporting foodborne disease outbreaks,
contamination events and inspection outcomes (Abubakar, 2025). Data are often incomplete,
fragmented, or delayed, reducing the ability of authorities to identify trends, allocate
resources efficiently, and respond to crises (WHO, 2024). Strengthening digital reporting
systems, centralizing databases, and promoting inter-agency communication are essential
steps for improving transparency and coordination.

TECHNOLOGICAL AND SUSTAINABLE SOLUTIONS

Addressing Nigeria’'s food safety challenges requires the adoption of modern technological
interventions and sustainable practices across the food value chain. Innovative solutions can
improve food preservation, monitoring, and regulatory compliance, while sustainable
approaches reduce environmental impact and enhance resilience against climate-related risks.

HYGIENE AND SANITATION ENHANCEMENT

Technological solutions for hygiene and sanitation are essential to reduce microbial
contamination, especially in informal markets and crisis settings. Mobile handwashing
stations, safe water purification technologies, and improved waste management systems can
mitigate cross-contamination during food preparation and distribution (WHO, 2024).
Adoption of clean production techniques in processing facilities, including automated
cleaning and disinfection systems, reduces human error and enhances food safety compliance
(Chandimali et al., 2025).

SUSTAINABLE AGRICULTURE PRACTICES

Sustainable agricultural practices contribute indirectly to food safety by reducing chemical
hazards and improving nutritional quality. Integrated pest management (IPM), reduced use
of synthetic pesticides, proper crop drying and storage and organic fertilizer use minimize
contamination by pesticides and mycotoxins (Priya and Singh, 2024). Climate-smart
agriculture, including drought-resistant crops and efficient water management, also
strengthens resilience against environmental stressors that increase food spoilage and
contamination risks (Begna & Wakweya, 2025).

CAPACITY BUILDING AND KNOWLEDGE TRANFER

Technological solutions are most effective when complemented by capacity building.
Training farmers, food processors and regulatory personnel on safe handling practices,
modern testing methods, and sustainable storage techniques ensures that technology
adoption translates into tangible improvements in food safety. Partnerships with universities,
research institutions, and private sector actors facilitate knowledge transfer, innovation, and
scaling of best practices.

CONCLUSION, RECOMMENDATIONS AND FUTURE PROSPECTS

Food safety is a critical national priority in Nigeria, directly impacting public health, nutrition
and socioeconomic development. Unsafe food contributes to the burden of foodborne
diseases, malnutrition, stunting and immune suppression, particularly among children and
other vulnerable groups. Weak regulatory oversight, inadequate infrastructure, and
environmental stressors such as climate change exacerbate these risks, highlighting the need
for an integrated, sustainable approach to food safety. Strengthening food safety systems
including surveillance, regulatory enforcement, cold chain logistics, emergency preparedness
and support for informal markets is essential for protecting human health and ensuring food
security. Technological innovations, sustainable agricultural practices and multi-sector
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collaboration offer practical pathways for achieving these goals. Nigeria should prioritize the
establishment of integrated surveillance systems, modernization of cold chain infrastructure,
strengthening of emergency preparedness and enhancement of regulatory enforcement and
public awareness to build a resilient food safety system and improve public health outcomes.

The future prospects of food safety and public health in Nigeria are promising, provided that
sustained investments are made in surveillance systems, cold chain infrastructure, emergency
preparedness, technological innovation, regulatory enforcement, and human resource
development. A coordinated One Health approach supported by scientific research,
stakeholder collaboration, and international partnerships will be essential for building a
robust and resilient food safety system capable of protecting public health, ensuring food
security, and promoting sustainable socioeconomic development.
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