Enhancing Food Safety in Africa: The Role of Molecular Biology
Approaches

ABSTRACT

Reports by the world health organization reveal that food contaminants and pathogens
contribute immensely to high mortality rates amongst people year in and out. The timely
control, detection, and identification of these substances and organisms in food is
particularly challenging in several African nations. Highly efficient molecular techniques such
as polymerase chain reaction (PCR) and gene chip technology are widely adopted.
Molecular techniques have paved the way for identification, genotyping, monitoring of food
contamination sources, and detection methods via genetic markers. This review seeks to
provide an overview of the rapidly improving molecular techniques and their use in the
development or enhancing food safety framework, at the same time tracing the progress of
Africa in terms of the use of these molecular approaches in curbing or reducing food safety
challenges in the region. Several molecular approaches are crucial for the detection of
microbes in foodstuffs. However, the lack of sophisticated molecular approaches and
precision of data and interpretation arise from the poor or inadequate use of molecular
biology techniques in Africa. The molecular techniques adopted in food are more reliable,
precise, accurate, and faster alternatives than biochemical, physicochemical, physical, and
chemical methods. This review also captures the future perspectives of molecular methods -
next-generation sequencing in food diagnostic and microbiology in Africa.
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1. INTRODUCTION

1.1 Overview of Food Safety in Africa

Africa generally has being well known for its large scale production of food and agricultural
products; this is perhaps owing to the vast land of the region and also the large population of
the continent to meet food sufficiency. Despite that, food safety, food quality and nutrition
have, overall, been given lesser priority until recent years. According to the World Health
Organization, it is estimated that, 91 million people in Africa fall ill each year due to food-
borne diseases and 137,000 die of the same cause, representing one-third of the global
death toll for foodborne diseases.

Food-borne diseases (FBD) are common public health problems experienced daily, which
are part of several outbreaks that worsen the health quality of the world’s population and
economy [1]. Food-borne diseases can result from consuming food and water that has been
contaminated with micro-organisms and toxins [2]. Also, poor processing, preparation,
storage, and other inadequate food safety practices are linked to the spread of food-borne
diseases [1, 3]. The hazards associated with food-borne diseases occur in the various
stages of food production - from “farm to fork” [4, 2]. Immediately contaminated food gets to



the consumer, it can result in severe clinical conditions and death in some cases [2]. Food
hazards can influence public health and result in serious economic damage Food hazards
can influence the public health and result in serious economic damage [5]. Food-borne
diseases occur more frequently in low-income countries of developing regions where
hygiene, sanitation, and safe food handling practices are low [6, 1]. It is also shown that 31
food-borne diseases caused an estimated 600 million diseases and 420,000 deaths, and the
higher risk was in developing countries [2, 7]. Millions of people globally become ill from food
and waterborne diseases. It is estimated that about three million people die every year, of
which 700,000 of these deaths occurring in Africa due to diarrhea alone, associated with
contaminated food and water. Occurrence of such disease can easily aggravate to a food
safety emergency situation, which can negatively impact national economies and livelihoods
through reduced availability of food for domestic consumption, closure of export markets.
Albeit, cases of foodborne illness occur daily in all countries around the world, there is no or
inadequate reporting of such diseases, particularly in developing countries, including Africa.
Consequently, the true prevalence of foodborne disease in Africa and the rest of the world
are unknown [8].

There is fragmented and insufficient information on food safety in the African region. This is
mainly due to lack of surveillance, documentation and reporting, thereby resulting in
inefficient utilization of resources, duplication of activities, and lack of synergy among the
countries of the region [9]. Food safety is not regarded a priority among most, if not all
African governments, particularly for domestic populations, and is often seen as separate
from public health. The harsh reality is that Africa experiences many other challenges, which
take priority in many instances. In 2012, 90% of malaria- related deaths occurred in Africa,
numbering almost 600 000. Primary health care, provision of education, treatment of human
immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS), supporting
undernourished people, and enhancing food security are all important issues for Africa,
requiring considerable spend, placing beleaguered budgets under pressure. According to the
Food and Agriculture Organization [10] (FAO, 2010), of the 925 million undernourished
people in the world in 2010, Sub-Saharan Africa (SSA) had the highest proportion at 30%,
which translates into 239 million people. With regards to HIV/AIDS (Note that HIV is not
considered as a foodborne pathogen However, it is relevant to food safety, as it can
potentially be transmitted through breast milk. Also, HIV infections create vulnerability to
other foodborne infections.), SSA remains the most heavily affected region, with an
estimated 23.5 million infected people in 2011, representing 69% of the global HIV burden.
In addition, 92% of pregnant women living with HIV/AIDS and 90% of children who acquired
HIV in 2011 are found in SSA [11].

Globally, or more importantly in Africa, food safety systems have not kept pace with the
complexity of food safety challenges. In Africa, these challenges include, among others, poor
food safety management and mandate, and little or no investment and budgetary finances
on sanitary and phytosanitary (SPS) — related quality infrastructures [12, 13]. The challenges
are further aggravated by the poor food safety culture in the continent. These challenges of
unsafe food have undermined the pace and state of food system transformation in the
continent. This is because unsafe foods adversely impact public health but also thwart
efforts at boosting trade in food and agricultural commodities and reduce agricultural trade,
thereby leading to loss of earnings and income [14, 15].

Hunger is a serious challenge in Africa. It is mainly caused by food insecurity, and can only
be mitigated by enhanced food safety and food security. Food safety has a tremendous
impact in ensuring food security. The main cause of food insecurity is the decline in global
food productivity. It is also a problem of poverty which has adverse effect on the socio-
economic life of its citizens. Africa is so blessed with land resource that if well utilized
towards agricultural productivity will greatly impact food security and sustainability.
Agriculture, of which 85 to 90 per cent is rain-fed in sub- Saharan Africa, accounts for 35
percent of the region’s gross national product (GNP), 40 percent of exports and 70 percent



of employment. There is need to focus more on agricultural innovations in Africa, so as to
boost food output in the region. It is important that provision of safe and production of food
be given the attention it deserves by addressing the numerous challenges facing it so as to
stimulate economic growth and ensure food security and safety in the African continent [16].

The use of technological advances would help in enhancing the detection of foodborne
hazards and improved diagnoses of foodborne illness and thus would play a crucial role in
addressing food safety and food insecurity challenges. There are various emerging trends in
food safety that will be of paramount importance in effectively and smartly circumventing
food safety problems in African countries and becoming competitive in the continental and
global food trade.

The use of molecular biology approaches are among the major breakthroughs globally used
in addressing food safety.

1.2 Molecular Biology and Food Safety

Several approaches and techniques are been used for the detection of contaminants,
pathogens or microorganisms in food stuff. However, in recent times, the concern for
precision and rapid approaches in addressing food safety challenges has led to the birth of
molecular biology techniques or approaches in tackling food safety challenges. The use of
molecular biology techniques that basically use nucleic acids and antibodies in the detection
of foodborne pathogens came up in the late 20t and early 21st century. For almost a century,
food analysts have relied almost exclusively on conventional microbiological testing
methods, consisting of culture media, for growing and isolating bacterial pathogens in foods.
Food diagnostics yet remains a challenging task owing to the complexity of the food
menstruum and the heterogeneity of various food matrices [17]. Scientific advances have
introduced a number of molecular biological diagnostic assays that have had a tremendous
impact on methods used for the detection of foodborne pathogens and their toxins.

Over the last 2 decades, there have been tremendous progresses in the development and
use of molecular techniques for the detection of microorganisms in foodstuffs as a result of
the increasing demand for rapid results. These are normally based on detecting specific
DNA or RNA target sequences using amplification processes, in particular the polymerase
chain reaction (PCR) [18]. Their adoption, in many instances, has replaced or supplemented
traditional culture detection methods with culture methods still recognized as the gold
standard for most bacterial foodborne pathogens. But in the case of some foodborne
viruses, which are not culturable, nucleic acid-based assays remain the only choice for their
detection. Microbial (bacterial or viral)-derived nucleic acids may enter the food chain from
similar reservoirs as indicated for the pathogens themselves. Intact living cells will possess
intact DNA/RNA, although dead cells may also house intact nucleic acids. Furthermore, the
presence of fragmented extracellular nucleic acids emanating from microbial or viral sources
cannot be excluded in foods. For example, adventitious viral nucleic acids have been
detected in the porcine-derived trypsin enzyme [19].

Recently, breakthroughs have been witnessed in the aspect of the use of molecular biology
in enhancing food safety. The adoption of data-intensive tools in food safety, which are
emerging so rapidly, is spearheading the early stages of a grand overhaul that is proposed
to usher in an era of implementing new approaches to food safety with high precision
research. While a number of approaches, such as Geographic Information Systems (GIS)
technologies play essential roles in high precision researches in food safety, omics
technologies are one of the key drivers of this movement [20-22]. In particular, whole
genome sequencing (WGS) not only allows for highly sensitive “precision” subtyping that
facilitates considerably improved detection of foodborne disease outbreaks [23-25], but also
allows for comprehensive characterization of foodborne pathogens and identification of
strains and clonal groups that differ in virulence and antimicrobial resistance [26-28]. The
practical use of metagenomics and meta-transcriptomics for detection of food pathogens and
even pathogens found in human has started making headway, while WGS is still becoming
increasingly used in routine surveillance of foodborne pathogens [29-31].



The use of WGS in bacterial population genomics has tremendously increased the
understanding of genome evolution and biology of bacterial pathogens [32, 33]. While
genome sequencing was initially expensive, the introduction of next generation sequencing
technologies and less expensive small bench top sequencers has decreased the overall
sequencing costs [34]. This made the per isolate cost of microbial WGS to a point where it is
comparable or even below the price range of traditional subtyping methods (e.g., Pulsed
Field Gel Electrophoresis [PFGE]) and made WGS an indispensible tool in modern outbreak
investigations. Of the earliest reports on the use of WGS in the investigation of a foodborne
disease outbreak was made by Gilmour et al. [35], describing the genome sequences of two
distinct Listeria monocytogenes strains involved in a multi-province outbreak in Canada in
2008. The first report of the use of WGS to infer the potential source of a foodborne outbreak
was by Lienau et al. [36], involving isolates of the multistate outbreak of Salmonella
Montevideo which occurred between July 2009 and May 2010.

Herein, we provide an overview of the rapidly improving molecular biology techniques and
their use in the development or enhancing food safety framework, while at the same time
tracing the progress of Africa in terms of the use of these approaches in curbing or reducing
food safety challenges in the region.

2. CURRENT MOLECULAR BIOLOGY & BIOTECHNOLOGY TECHNIQUES IN
FOOD SAFETY

Relevance/Applicability of Molecular Biology Techniques to Food Safety Molecular Biology
Techniques Polymerase Chain Reaction (PCR), Expression cloning, array, biosensors, Gel
electrophoresis, Macromolecule blotting, and probing are amongst notable techniques which
have significantly led to advances in novel food development, traceability, food
authentication, and genetic modification [37].

PCR-RFLP and PCR are reliable molecular techniques for detecting adulterations in various
meat products [38]. It is imperative to identify animal species adopted in meat production on
a commercial scale, especially considering the sanitary and economic aspects. Polymerase
chain reaction-restriction fragment length polymorphism (PCR-RFLP) assay was adopted to
examine equine and ruminant animal species used in Egyptian sausage and minced meat.
Real-time PCR has gained much attention as an effective nucleic acid-based technique due
to its relatively high precision, speed, and reproducibility. It is notably adopted for quality
control and analysis in the food safety sector [39, 40]. Real-Time PCR approach by
Kabacaoglu and Karakas [41] detected adulteration in starch-based products. The findings
revealed DNA measurement with high-level precision. Research carried out by Sobrino-
Gregorio et al. [42], adopted the Real-Time PCR method to examine the inclusion and
incorporation of sugar from various plant sources in honey. Villa et al. [43] also developed a
Real-Time PCR-based approach for detecting saffron plant products’ adulterations. The
nucleic acid consisting of the targeted gene region should be sufficiently extracted in
analysis using the Real-Time PCR technique to obtain high precision. Quantitative
approaches are commonly adopted in analyzing GMO and pathogen microbes in food
quality control labs, while qualitative approaches analyze meat type, milk origin, and allergen
effectively. Raising the frequency of usage of Real-Time PCR methods will most likely
prevent food adulteration.

Several food control agencies and related food industries have adopted the ELISA method
to investigate the presence and abundance of allergenic proteins in food products [44].
Western blotting technique is also often adopted in the identification and separation of
proteins and food allergen detection [45]. This technique detects a specific protein in a blood
or tissue sample by utilizing gel electrophoresis to separate proteins in samples and detect
proteins and antigen-antibodies [46].

The detection of food pathogens is crucial in food safety endeavours. The use of lateral flow
assay (LFA) as well is used as an advanced technique in food pathogen detection; it gives



high-level sensitivity, short detection time, and operation proffer an apt avenue for on-target
detection [47]. This method has become quite popular because of its capacity to quantify
and detect pathogens and proteins onsite and at a relatively rapid and cheap rate.

3. ADVANCEMENTS IN MOLECULAR BIOLOGY FOR FOOD SAFETY IN
AFRICA

3.1 Overview of studies and research initiatives focused on food safety in Africa
Research on food safety in Africa has focused on various aspects, including mycotoxin
contamination, the potential of genetically modified organisms (GMOSs) in addressing food
security challenges [48], and the role of fermented dairy products in enhancing food safety
[49]. Aryee et al. [50] highlights the potential of genomics in improving animal and crop
production for food security in sub-Saharan Africa, but also identifies challenges such as the
lack of resources and capacity. These studies collectively underscore the need for continued
advancements in molecular biology to address food safety issues in Africa.

Obidiegwu et al. [51] have investigated the state of abattoir operations and waste
management in Sub-Sahara Africa (Nigeria) identifying challenges and prospects for
environmental quality and public health in the industry. They identified Public Health
Challenges in Somachi Main Abattoir, Owerri" and recommended upgrading the abattoir to
meet modern standards and enhancing education and training for hygiene practices.
Furthermore, the presence of heavy metals and chemical substances in food has been
addressed, with a focus on their potential health risks and implications.

Researches have also underscored the importance of addressing knowledge gaps and poor
hygiene practices among food handlers and vendors in Nigeria and Ghana. It also
emphasizes the need for improved regulation and enforcement of food safety laws to
mitigate food contamination at various stages of the food production chain. Literatures also
revealed the predominant etiological agents isolated in Ghanaian and Nigerian foods, such
as Enterobacter spp., Pseudomonas spp., Campylobacter spp., Escherichia coli,
Staphylococcus spp., Aspergillus flavus, and Aspergillus niger, shedding light on the
microbial safety challenges faced in the region [52]. There is a multifaceted nature of food
safety challenges in Sub-Saharan Africa, highlighting the need for comprehensive research,
improved hygiene practices, and rigorous enforcement of regulations to ensure food safety
and mitigate public health risks. Additionally, there is necessity of addressing knowledge
gaps, enhancing education and training, and implementing effective regulatory measures to
safeguard the food supply chain [52].

3.2 Successful Projects and Collaborations Utilizing Molecular Biology
Techniques in Africa

Advancements in molecular biology for food safety in Africa have been demonstrated
through successful projects and collaborations. South Africa and Argentina have been at the
forefront of molecular farming, producing experimental therapeutics and vaccines for
livestock and human diseases [53]. Genetically modified crops have also been explored in
Africa, with a focus on biosafety processes and policies [54]. The potential of genomics in
sustainable agricultural research for food security in sub-Saharan Africa has been
highlighted, with a call for the use of local resources and capacity-building [50]. However,
challenges such as funding, lack of practical application, and disparate attitudes towards
biosafety regulation have been identified [55]. These findings underscore the need for
continued investment and collaboration in molecular biology for food safety in Africa.

3.3 Decision Making Tools to Aid Rejection or Implementation of GM Crops in
SSA

Arthur and Yobo [54], reported a decision-making tool which will help to address the issue of
whether to implement GM crop cultivation in some Sub-Saharan African Countries or not. It
is a structured and a reasoned approach that has the potential to assist in the identification
or the discovery of genetically modified organisms potential to cause adverse harm and to



characterize the seriousness and the likelihood of potential harm [56]. Johnson et al. [57]
suggests two decision making tools that can help policy makers reach a consensus.
Scientific risk assessment and Risk analysis methods will prove useful in regulatory decision
making concerning the implementation of GM crops. In a nut shell Risk assessment forms
the foundation for regulatory decisions on whether to authorize the environmental release of
GM organisms [56]. Scientific decision-making tools such as environmental impact
assessments, Life Cycle Assessments (LCA’s) also known as “Cradle to the grave analysis”
if implemented in Sub-Saharan African countries can help to evaluate the impacts of GM
crops on its surrounding environment throughout its life cycle [58].

3.4 Bio-fortified Maize Production

Although not a silver bullet solution, bio-fortification has proven to be an efficient strategy to
combat malnutrition. CIMMYT, IITA, and national partners especially in Africa, Asia, and
Latin America have employed conventional breeding and molecular tools, to successfully
develop and release several nutritious maize cultivars without compromising grain yield
levels or other important agronomic and adaptive traits. Many of these bio-fortified maize
cultivars are currently grown by farmers and accepted by consumers in many countries [59].
Advances in phenotyping coupled with molecular breeding facilitated achievement of the
breeding targets for various nutrients in maize.

35 Genome Editing to Produce Disease Resistant Crops for Sustainable
Agriculture in Africa

Genome editing efforts towards developing disease-resistant crops have focused on gene
disruption, replacement, or regulation. For instance, disrupting negative regulators of plant
disease resistance such as host susceptibility (S) genes could offer durable resistance to
diseases. This strategy could durably offer resistance to yam viruses by knocking out
eukaryotic translation initiation factors (elFs). In plants, elFs are translation initiation factors
that mediate the replication of plant RNA viruses, majorly potyviruses [60]. Therefore,
targeting these genes in yam could curb potyvirus infestations such as yam mosaic virus, as
reported in cassava [61] and cucumber [62]. On the other hand, yam badnaviruses could be
managed by targeting viral sequences integrated in host plant genomes, as demonstrated in
banana [63].

Susceptibility genes, mainly the mildew locus O (MLO), enhanced disease
resistance 1 (EDR1), and the Non-Expressor of Pathogenesis-Related 3 (NPR3), could also
represent good genome editing targets for generating resistance to fungal diseases in yam
[64]. Since the fungal disease anthracnose is the most widespread foliar disease in yam [65],
developing endogenous resistance would alleviate the associated yield losses, ensuring
food security for an economically disadvantaged population. Moreover genes that are highly
conserved across plant species and have successfully generated plant fungal resistance,
such as WRKY transcription factors and ERF922, could be precisely modified to achieve
these endeavours. The precise modification of host susceptibility genes such
as DMR6 and SWEET could be affected to confer food yam with resistance to bacterial
diseases. Further, the upregulation of host resistance genes is also a feasible approach for
generating disease-resistant yam lines [66].

4. CHALLENGES AND OPPORTUNITIES IN IMPLEMENTING MOLECULAR
BIOLOGY APPROACHES

Molecular biology approaches are of great importance in enhancing food safety in Africa.
However, it is saddening that there are lots of challenges impeding the implementation of
molecular biology approaches in Africa. Many African countries face significant challenges in
infrastructure and resources, which can impede the implementation of advanced molecular
biology techniques. For instance, genetically modified organisms (GMOs) are seen in



relation to food safety and security within the continent, addressing challenges like hunger
and malnutrition [48].

However, hurdles such as pathogenic microorganisms, disease-ridden animals entering the
food chain, and chemical contaminations are prominent sources of food poisoning that need
to be managed [67]. Resources and infrastructures play great roles in the implementation of
molecular biology approaches in enhancing food safety in Africa. However, applying
molecular biology techniques to solving problems in Africa is a difficult task brought about by
a lot of infrastructural problems such as unreliable or no electricity in laboratories, especially
considering that these equipment use electricity and even sample storage at specific
temperatures requires a stable and reliable power supply [68]. Also, there are very limited
numbers of well-equipped laboratories, which implies that samples will need to travel long
distances to get to the laboratories in some cases, facing the challenges of the bad and
impassable roads [69], which often lead to sample degradation and loss of integrity [70-72].
Most of the laboratories with functional molecular biology research capacity were either
established, and/or sustained by foreign or international funding and partnerships, or private
sector intervention [73, 74].

4. FUTURE DIRECTIONS AND RECOMMENDATIONS

To further enhance food safety in Africa using molecular biology approaches, it is essential
to expand the implementation of advanced molecular techniques such as next-generation
sequencing (NGS) and metagenomics. These techniques should become integral parts of
routine  monitoring and surveillance systems for foodborne pathogens, providing
comprehensive and real-time data on microbial communities and their dynamics in various
food matrices. Additionally, developing local capacities through extensive training programs
and upgrading laboratory infrastructure are vital. Investment in modern equipment and
consistent supply of necessary reagents and consumables will ensure high-throughput and
accurate molecular analyses.

Collaboration and networking among African countries are crucial for sharing resources,
expertise, and data. Establishing regional centers of excellence in molecular food safety can
help standardize protocols and coordinate efforts across the continent. Public-private
partnerships should also be encouraged to drive innovation and facilitate the practical
application of molecular techniques in food safety practices. Integrating molecular data with
traditional microbiological methods can enhance the robustness of food safety diagnostics,
improving both sensitivity and specificity in pathogen detection.

Policymakers should focus on developing harmonized food safety standards and regulations
across African countries, incorporating molecular biology techniques for pathogen detection
and monitoring. Establishing clear regulatory frameworks for the use of genetically modified
organisms (GMOs) and other biotechnological advancements in food safety is also
necessary. Funding focused research programs that address local food safety challenges
and develop tailored molecular solutions should be a priority. Innovations in detection
methods, such as the development of novel molecular assays and portable diagnostic tools
for rapid on-site testing, should be encouraged to reduce reliance on centralized laboratory
facilities.

Public awareness campaigns should be launched to educate consumers about the benefits
of molecular techniques in ensuring food safety and highlight the importance of safe food
handling practices. Engaging various stakeholders, including policymakers, food industry
representatives, and community leaders, in discussions about the role of molecular biology
in food safety can garner support and collaboration. Implementing molecular techniques for
environmental monitoring of food production areas and promoting sustainable agricultural



practices, such as breeding disease-resistant crops and optimizing pesticide use through
precision agriculture, are essential for maintaining long-term food safety and security in
Africa.

By focusing on these future directions and recommendations, African nations can
significantly enhance their food safety frameworks, reduce the burden of foodborne
diseases, and improve public health outcomes across the continent. The integration of
advanced molecular techniques, capacity building, collaborative networks, and supportive
policies will collectively contribute to a more secure and sustainable food supply.

5. CONCLUSION

As scientific discoveries and technologies advance, molecular biology approaches will find
more in-depth applications in ensuring safer foods for all. Advances in novel detection
approaches for food-borne allergens and pathogens are particularly relevant for the African

scientific community as they serve as potential alternatives.
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