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PREAMBLE 

Mr. Vice Chancellor, Sir, distinguished guests, esteemed colleagues, students, friends, and 

family. I want to appreciate the faithfulness of the Almighty God, who counts me worthy of 

giving this inaugural lecture as stated in Psalm 126:1-3. 

It is with great honor and a profound sense of responsibility that I stand before you today to 

deliver my inaugural lecture as a Professor of Food Safety and Biotechnology. This moment 

represents not only a personal milestone but also an opportunity to reflect on the journey that 

has brought me here, to share the knowledge and insights gained along the way, and to 

outline the vision for the future of food Microbiology and Biotechnology. 

Mr. Vice Chancellor, Sir, this inaugural lecture is the 101st in the series of FUNAAB 

Inaugural Lectures, the 10th from the College of Food Science and Human Ecology 

(COLFHEC), and the 6th from the Department of Food Science and Technology (FST).  

Food Microbiology, at its core, is the study of the microorganisms that inhabit, create, or 

contaminate food, i.e., the inevitable frenemies. It is a discipline that bridges the gap between 

the microscopic world and our daily sustenance, ensuring the safety, quality, and nutritional 

value of what we consume. As we delve into the complexities of foodborne pathogens, 

fermentation processes, and microbial ecology, we find ourselves at the intersection of 

science, health, and society. 

As we gather here today, I am reminded of the journey that has brought us to this point. From 

the humble beginnings of studying microorganisms in food to the sophisticated 

biotechnological advancements that are now harnessed, the evolution of this field has been 

nothing short of remarkable. The various research we carried out not only unravels the 

complexities of microbial life but also paves the way for innovative solutions that can 

transform how we produce, preserve, and consume food. 

Today, I will explore some of the challenges and opportunities that define the food 

microbiology and biotechnology field in the 21st century. This will cover the global burden 

of foodborne illnesses to the innovative applications of microbial biotechnology in food 

production and preservation, and the rise of antimicrobial resistance in food as the precipice 

of a new era in food microbiology. An era where interdisciplinary collaboration and cutting-
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edge research will drive the advancements necessary to meet the needs of a growing global 

population. 

This inaugural lecture is a celebration of academic achievement and a call to action. It is an 

invitation to embrace the challenges ahead with courage and creativity, push the boundaries 

of this knowledge, and strive for excellence in all to be done. Together, it is possible to make 

significant contributions to the health and well-being of our society through the science of 

food microbiology and biotechnology. This inaugural lecture is titled Inevitable ‘Frenemies’ 

in Food Security. Thank you for being here today.  
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1.0.  INTRODUCTION 

 

Microorganisms, the inevitable frenemies including bacteria, yeasts, molds, and viruses, are 

ubiquitous in our environment and play crucial roles in various aspects of life, including food 

production and safety. Understanding the distinction between beneficial (good) and harmful 

(bad) microorganisms is essential for ensuring food safety, promoting health, and advancing 

food industry practices (FAO 2016).  

 

We share this planet with the inevitable frenemies that far outnumber the life forms we can 

see and whose importance to our lives across a huge range of areas is completely out of 

proportion to their size. The assistance of microscopes or other tools are needed to reveal the 

incredible diversity, richness, and sheer vastness of this hidden world. In terms of the sphere 

of human life with which this lecture is concerned, food, two things are worried about with 

the inevitable frenemies in food, which are safety and spoilage, but these are not the same 

thing. For example, milk containing a bacterium called Pseudomonas could look green, be 

stinky, and have lumps floating in it, but could be quite safe, while milk containing Listeria 

could look fresh as could be but would make one very ill, perhaps even fatally, when one 

drinks it. In addition, yoghurt-containing bacteria called Bifidobacteria might not only be 

neither unpleasant nor dangerous but might be good for one, as these are probiotic bacteria, 

which are believed to colonize the human gut and help keep humans. So the inevitable 

frenemies bacteria in food can be good (like the probiotics), bad (like the pathogens), or ugly 

(like the types that cause spoilage) (Alan Kelly, 2019). 

 

But what one may not realize is that trillions of microbes are living in and on the human 

body. Most don’t harm at all. They help to digest food, protect against infection, and even 

maintain one's reproductive health. We tend to focus on destroying bad microbes. But taking 

care of good ones may be even more important. You might be surprised to learn that your 

microbes outnumber your cells by 10 to 1. “The current estimate is that humans have 10 

trillion human cells and about 100 trillion bacterial cells,” says Dr. Martin J. Blaser at the 

New York University School of Medicine. In 2012, researchers from almost 80 institutions 

published a landmark series of reports. They found that more than 10,000 different species 

occupy the human body. The microbiome provides more genes that contribute to human 

survival than the human genome itself (8 million vs. 22,000).  
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Throughout the history of time, bacteria have caused more human deaths on Earth than any 

other known cause, directly through the diseases of cholera, dysentery, meningitis, measles, 

pneumonia, scarlet fever, tuberculosis, and others. At the same time, the inevitable frenemies 

provide many essential services to Earth, including allowing plant productivity (the dominant 

base of Earth's food web) to be sustainable and allowing humans to live -, without microbes, 

humans wouldn't be alive. Finally, microbial organisms are collectively incredibly powerful 

at the global scale – 50% of the total oxygen produced over the history of the Earth is from 

bacteria;  75% of additions of nitrogen to the atmosphere, and 92% of removal from the 

atmosphere are due to bacteria (Nipane et al., 2010).  And of that nitrogen, bacteria produce 

88% of the nitrous oxide released to the atmosphere, N2O, which is 300 times more potent 

than CO2 as a greenhouse gas (Nipane et al., 2010). Microbes are also responsible for ~70% 

of the methane production on Earth (25 times more potent than CO2), and ~50% of the 

CO2 put into the atmosphere comes from bacteria (Nipane et al., 2010). 

 

1.1 The Friends: Beneficial Microorganisms 

Beneficial microorganisms include all the microbes that can be processed in such a way that 

they can be utilized in a healthy product. Microorganisms such as bacteria and fungi can play 

a beneficial role in food products like probiotics and dietary fibers, and in the preparation of 

antibiotics such as penicillin and streptomycin. Beneficial bacteria have a substantial impact 

on human health and environmental sustainability. Microbes are extremely important in a 

variety of food applications. They are crucial to the production of various food items. Since 

the beginning, multiple bacteria and fungi have been used to make multiple fermented food 

products and enzymes. Bread, dairy products, alcohol and drinks, enzymes, organic acids, 

food colours, etc. are prepared using yeast, bacteria, and fungi. These microbes are included 

to add appealing colour, taste, flavour, and texture, and improve the product’s marketability.  

1.1.1 Fermentation and Food Production 

Fermentation is a fascinating process used in food production where microorganisms such as 

bacteria, yeast, or fungi break down sugars into alcohol or acids under anaerobic conditions. 

It's integral in making various foods and beverages, enhancing flavor, texture, and even 

nutritional value. 

The importance of fermented foods cannot be overemphasized. Fermentation is one of the 

traditional food processing techniques that has brought about the production of subsequently 

https://www.longdom.org/peer-reviewed-journals/microorganisms-2929.html
https://www.longdom.org/peer-reviewed-journals/probiotics-27490.html
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derived food items that have sustained livelihoods and contributed to the human diet (Adebo et 

al., 2021). The occurrence of different fermented foods in specific regions and countries of the 

world is associated with dietary habits, cultures, availability, as well as accessibility to raw 

produce. Cereals, legumes, roots, and tubers are majorly traditional fermented products in 

Nigeria (Table 1) 

 

Table 1: Traditional Fermented Foods in Nigeria 

 

Substrates Microorganisms Products 

 

 Root and Tuber  

 Cassava 

 Streptococcus lacticus  

 Geotrichum candidum    

 Corynebacterium manihot  

 Lactobacillus spp  

 Leuconostoc spp 

 

 
Gari granules  
Fufu paste & 
powder 
Lafun powder 

 

 Cereals 

 Maize, sorghum, millet 

 Saccharomyces cerevisiae   

 Lactobacillus spp 

 Fusarium spp 
 Candida mycoderma 
 Penicillium spp 
 

 
Ogi Agidi 

 Rhizopus oryzae 

 Aspergillus flavus  

 Penicillium funiculosum 

 Geotrichum candidum  

 Candida spp 

 

 
Pito Burukutu 

 

 

 Legumes 

 Locust beans, soya beans 

 

Melon (Citrullus vulgaris) 

 Coryneform bacteria 
 Bacillus subtilis 
 B. licheniformis 
 B. cereus 
 Staphylococcus saprophyticus 
 Pseudomonas aeruginosa 

 

 

Iru (dawadawa) 

 Bacillus spp  

 Escherichia spp  

 Proteus spp  

 Pediococcus spp 

 

Ogiri 

 

 

 Oil palm sap 

 Saccharomyces cerevisiae 

 Candida tropicalis 
 Candida utilis 
 Lactobacillus brevis   
 Bacillus spp  
 Streptococcus spp 

 

 

Palm wine 
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1.1.2 Probiotics and Health Benefits 

Fermented dairy products contain health-promoting constituents that are produced during 

fermentation as metabolites of microbial strains or as substances released during hydrolytic 

breakdown of food substrates (Sanlier et al., 2017). The bioactive constituents of dairy 

products include vitamins, minerals, fatty acids, proteins, peptides, oligosaccharides, organic 

acids, antioxidants, and probiotics that contribute to the health effects of individuals (Agyei et 

al., 2020). Furthermore, fermented dairy peptides and proteins have been found to improve 

the bioavailability of essential trace elements and minerals such as calcium, iron, magnesium, 

manganese, selenium, and zinc (Koutinas, 2017). These bioactive constituents possess 

antimicrobial, immunostimulatory, antihypertensive, antioxidant, anti-diabetic, anti-cancer, 

antimutagenic, and fibrinolytic properties and cholesterol-lowering effects (Adewumi, 2018; 

Hati et al., 2019). Furthermore, bioactive peptides of fermented products have been reported 

to play an essential role in the prevention of diet-related diseases (Agyei et al., 2020).  

 

Probiotics are live beneficial microorganisms, that confer health benefits to the host by 

stimulating the growth of good or normal flora microbes in the gut and may be linked to 

improved gut health and natural body defense mechanisms (Agyei et al., 2020). Apart from 

this, probiotics have other numerous benefits including antidiarrheal, antimicrobial, 

anticarcinogenic, and antimutagenic properties (Quigley, 2011; Amiri et al., 2021). These live 

microorganisms have been reported to relieve lactose intolerance, decrease serum cholesterol 

levels, restore the immune system, and suppress gastrointestinal inflammation caused by 

Helicobacter pylori and other microorganisms (Garcı´a-Burgos et al., 2020; Tasdemir & 

Sanlier, 2020). Fermented foods such as ‘Ogi’ and fermented milk are known to contain 

probiotics. Different probiotic strains have been isolated and identified from commercial and 

home-made fermented foods and they include Streptococcus thermophilus, Lactobacillus 

bulgaricus, Lactobacillus acidophilus LA5, and Bifidobacterium animalis subsp. lactis BB12, 

etc. (Quigley, 2011). Probiotics have been reported to stimulate the growth of good 

microorganisms, destroy harmful bacteria by the action of bacteriocins, and strengthen the 

body’s natural defense mechanisms (Agyei et al., 2020). 

 

1.2. The Enemies: Pathogenic Microorganisms 

 

Human illness caused by the consumption of foods contaminated with factors other than 

poisons or chemical toxic agents was recognized long before understanding the role of 
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pathogens in foodborne diseases. Dietary guidelines in ancient civilizations, such as eating 

foods after cooking well and serving warm, and not eating spoiled foods, were probably 

invoked to protect people at least partly from the danger of microbial foodborne diseases. The 

role of microorganisms in foods and their involvement in foodborne diseases was made 

known through Pasteur's discovery. This helped search for and isolate pathogens by suitable 

techniques from foods incriminated in foodborne diseases. Salmonella and Staphylococcus 

aureus, because of the high incidence of salmonellosis and staphylococcal poisoning, 

respectively, and Clostridium botulinum, because of the high fatality rate from botulism, were 

isolated from foods incriminated with foodborne diseases before the 20th century. Foodborne 

diseases in humans result from the consumption of either food and water contaminated with 

viable pathogenic bacterial cells (or spores in the case of infant botulism) or food containing 

toxins produced by toxigenic bacteria and molds. Based on the mode of illnesses, these can 

be arbitrarily divided into three groups: intoxication or poisoning, infection, and toxic 

infection. 

 

1.2.1 Intoxication 

The illness occurs as a consequence of ingesting a preformed bacterial or mold toxin because 

of its growth in food. A toxin has to be present in the contaminated food. Once the 

microorganisms have grown and produced toxins in a food, there is no need for viable cells 

during consumption of the food for illness to occur. Food with the produced toxin by 

Staphylococcus is an example. 

 

1.2.2 Infection 

The illness occurs as a result of the consumption of food and water contaminated with 

enteropathogenic bacteria or viruses. The cells of enteropathogenic bacteria and viruses must 

remain alive in the food or water during consumption. Viable cells, even if present in small 

numbers, have the potential to establish and multiply in the digestive tract to cause the illness. 

Examples are Salmonellosis and hepatitis A. 

 

1.3.3 Toxicoinfection 

This illness occurs from ingesting a large number of viable cells of some pathogenic bacteria 

through contaminated food and water. Generally, the bacterial cells either sporulate or die 

and release toxins to produce the symptoms. An example is the consumption of food with 

Clostridium Perfringens gastroenteritis. 
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In addition to the pathogenic microorganisms associated with foodborne illnesses, some 

bacterial species and strains normally considered nonpathogenic can cause gastroenteritis, 

especially in susceptible individuals. They are designated as opportunistic pathogens. They 

are normally required to be alive and present in large numbers when consumed through 

contaminated food. 

1.3 The Enemies: Spoilage Microorganisms 

 

A food is considered spoilt when it loses its acceptance qualities. The factors considered in 

judging the acceptance qualities of food include color, texture, flavor (smell and taste), shape, 

and absence of abnormalities. Loss of one or more normal characteristics in a food is 

considered to be due to spoilage. Microbial food spoilage occurs as a consequence of either 

microbial growth in a food or the release of microbial extracellular and intracellular 

(following cell lysis) enzymes in the food environment. Some of the detectable parameters 

associated with spoilage of different types of foods are changes in color, odor, and texture; 

formation of slime; accumulation of gas (or foam); and accumulation of liquid (exudate, 

purge). Spoilage by microbial growth occurs much faster than spoilage by microbial extra- or 

intracellular enzymes in the absence of viable microbial cells. 

 

Table 2: Characteristics of common spoilt food and the spoilage microorganisms 

Flavor 

Problem 

    Food  Chemical Cause  Spoilage Organisms 

Nitrogenous 

(e.g.the pungent 

smell from bad 

eggs) 

 

Meat, eggs, fish Trimethylamines, 

ammonia, H2S 

Pseudomonas, 

Acinetobacters, Moxarellas, 

Clostridia 

Souring Dairy, vacuum-packed 

meats, beer, wine 

Acids: acetic, lactic, citric, 

butyric 

Lactic acid bacteria 

Brochothrix thermosphacta 

Bacillus sp. Butyric acid 

bacteria, Acetobacter spp. 

Alcoholic Fruit juices Mayonnaise-

dressed salads 

Ethanol Yeasts 

Mustiness Bread, Cake Chloroanisoles Moulds 

Pig-sty Vegetables P-cresole, indole, Erwinia sp. Clostridia 
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skatole 

Garlic Various Bis (methylthio)- methane 

Trimethylarsine 

Unknown 

Fruity Meat Esters of short-chain 

fatty acids 

Pseudomonas fragi 

Potato-like Meat, eggs, milk 2-methoxy-3-isopropyl 

Pyrazine 

Pseudomonads 

 

Between initial production (such as harvesting of plant foods and slaughter of food animals) 

and final consumption, different methods are used to preserve the acceptance qualities of 

foods, which include the reduction of microbial numbers and growth. Yet microorganisms 

grow and cause food spoilage, which for some foods could be relatively high. It is important 

to understand the factors associated with microbial food spoilage, both for recognizing the 

cause of an incidence and developing an effective means of control. 

 

1.3.1 Sequence of Events 

Generally, for microbial food spoilage to occur, several events need to take place in 

sequence. Microorganisms have to get into the food from one or more sources; the food 

environment (pH, Aw, O–R potential, nutrients, inhibitory agents) should favor growth of one 

or more types of these contaminating microorganisms; the food must be stored (or abused) at 

a temperature that enables one or more types to multiply; and finally, the food must be stored 

under conditions of growth for sufficient length of time for the multiplying microbial types to 

attain the high numbers necessary to cause the detectable changes in a food.  

 

1.3.2 Spoilage Microorganisms 

Raw and most processed foods normally contain many types of molds, yeasts, and bacteria 

capable of multiplying and causing spoilage. Viruses do not multiply in foods. As 

multiplication is an important component in spoilage, bacteria (because of shorter generation 

time), followed by yeasts, are in favorable positions over molds to cause rapid spoilage of 

foods.  

 

However, in foods where bacteria or yeasts do not grow favorably and the foods are stored 

for a relatively longer time, such as bread, hard cheeses, fermented dry sausages, and acidic 
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fruits and vegetables, spoilage due to mold growth is more prevalent. Recent advances in 

anaerobic packaging of foods have also greatly reduced the spoilage of food by molds, and to 

some extent by yeasts, but not by anaerobic and facultative anaerobic bacteria. Thus, among 

the three microbial groups, the highest incidence of spoilage, especially rapid spoilage, of 

processed foods is caused by bacteria, followed by yeasts and molds. 

 

Theoretically, any microorganism (including microorganisms used in food fermentation and 

pathogens) that can multiply in food to reach a high level (spoilage detection level) is capable 

of causing it to spoil. Yet, in reality, bacterial species from only several genera have been 

implicated more with the spoilage of most foods. 

 

1.4 Food Microorganisms and Food Security 

 

Food microorganisms play a significant role in food security, impacting both positively and 

negatively. Here is a summary of their roles: 

 

1.4.1 Reducing Food Waste 

Employing microbial technologies in food preservation can help reduce food waste, ensuring 

a more stable food supply. 

1.4.2 Improving Crop Yields 

Microbial biocontrol and biofertilizers can enhance crop productivity and sustainability, 

contributing to food security. 

1.4.3 Enhancing Food Safety 

Proper monitoring and control of foodborne pathogens and spoilage organisms are crucial for 

maintaining food safety and public health. 

1.4.4 Nutritional Improvements 

Fermented foods and biotechnologically enhanced crops can provide better nutritional 

profiles, addressing malnutrition and improving overall food security. 

 

1.5 Challenges and Future Directions 

While microorganisms present challenges to food security, their benefits in fermentation, 

biocontrol, and biotechnology offer significant potential to enhance food production, 

preservation, and safety, thereby contributing to global food security with the following 

challenges and future directions. 
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1.5.1 Antimicrobial Resistance 

Overuse of antimicrobial agents in food production can lead to resistance, making it harder to 

control pathogenic microorganisms. 

1.5.2  Regulatory Framework 

Ensuring the safety and efficacy of microbial applications in food production requires robust 

regulatory frameworks. 

1.5.3 Research and Development 

Ongoing research is needed to explore new microbial applications, improve existing 

technologies, and ensure their safe and sustainable use. 

1.5.4 Public Awareness and Education 

Educating the public about the benefits and risks associated with food microorganisms can 

help in better acceptance and utilization of microbial technologies in food security. 

 

2.0.  MY RESEARCH FOCUS AND CONTRIBUTIONS TO KNOWLEDGE 

Since my sojourn as a researcher in the field of food microbiology and biotechnology, I have 

contributed through my various research work to the understanding of the roles of 

microorganisms in food fermentation, food safety, and food spoilage to assist in the 

development of methods for preserving agricultural produce, improving human diets, and 

enhancing agricultural productivity. Specifically, I have worked to improve the safety and 

quality of produce, poultry, seafood, and other food products through my studies on topics 

such as antimicrobial resistance, genomics, and the control of foodborne pathogens with 

publications in various high-impact food science peer-reviewed journals and conference 

proceedings. 

Mr. Vice-Chancellor, Sir, my research outputs have been classified into the following four 

areas investigating the activities of ‘frenemies’ towards food security in Nigeria: 

 

i. Positive roles of microorganisms in food security 

ii. Negative roles of microorganisms in food security 

iii. Enhancing food security through microbial management  

iv. Training and capacity building on the importance of ‘frenemies’ - Awareness 
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2.1. Positive roles of microorganisms in food security 

Microorganisms play a significant role in food security with positive impacts. Understanding 

their roles helps in developing strategies to enhance food safety, improve food production, 

and manage foodborne illnesses. Here is an overview of their positive roles in food security 

as confirmed through our research activities in the area of fermentation with different crops. 

2.1.1. Fermentation 

Microorganisms, Lactic acid bacteria, are responsible for the fermentation of different classes 

of food substrates e.g. cereals, root and tubers, dairy, legumes, etc. 

We, Ayodeji et al., (2017) studied the bacterial strains isolated from cassava-derived food 

products and, for the first time, from cassava by-products, with a focus on gari, a flour-like 

product, and the effluents from the production processes for gari and fufu. A total of 47 

strains were isolated, all of which were tested to determine their resistance to acidic pH and 

to bile salt environments. Four of the 47 isolates tested positive in both environments, and 

these four isolates also showed antibacterial behaviour towards both Gram-positive and 

Gram-negative microbial pathogens (i.e. Methicillin-resistance Staphylococcus aureus, 

Listeria monocytogenes, Bacillus cereus, Salmonella enteritidis, Escherichia coli, 

Escherichia coli (O157), Yersinia enterocolitica). In most cases, the antibacterial activity was 

related to bacteriocin production. Molecular identification analysis (16S rDNA and randomly 

amplified polymorphic DNA-PCR) revealed that the four isolates were different strains of the 

same species, Lactobacillus fermentum. These results demonstrate that bacteria isolated from 

cassava-derived food items and cassava by-products have interesting properties and could 

potentially be used as probiotics. 

 

2.1.1.1 Food Preservation 

Microorganisms like Lactobacillus and Saccharomyces are used in the fermentation process, 

which helps preserve food by producing acids or alcohols that inhibit spoilage organisms. 

Obadina (2000) studied the antifungal activities of Lactobacillus plantarum strains isolated 

from fermenting maize. The intention was to determine the effect of Lactobacillus plantarum 

on mould growth. Strains of Lactobacillus plantatrum were isolated during the four days of 

maize fermentation.  Aspergillus niger, Aspergillus flavus, and Neurospora crassa were 

isolated from eko and their responses to the antifungal effect of Lactobacillus plantarum were 
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carried out with Neurospora crassa having the highest sensitivity followed by Aspergillus 

niger and Aspergillus flavus.  The effects of L. plantarum strain on the spoilage moulds were 

tested using cereal – gruel and the cereal-gruel prepared with antifungal substance and 

moulds had a better shelf life (kept for 5 days before spoilage occurred as compared with 2 

days for cereal-gruel without moulds and antifungal).  The antifungal activity of L. 

Plantarum was due to other metabolites produced by the culture itself other than lactic acid 

nor any component produced by the food.  The pH optima for the production of antifungal 

substances ranged from 4.5 to 6.0.  The antifungal substance was heat stable and had an 

antagonistic effect after four (4) months of storage at Refrigeration temperature (5-80c). 

In another research, my colleagues and I (Ajayeoba et al., 2016) evaluated the inhibitory 

effect of lemon juice ogi steep liquor mixtures (10- 50% v/v) made from white and yellow 

maize, white and red sorghum and Pearl millet grains on three antibiotic-resistant isolates 

(LM 29, 33 and 44) and a susceptible isolate (LM 50) of Listeria monocytogenes. The 

isolates were surface-inoculated onto ready-to eat-vegetables (cucumber-Cucumis sativas, 

cabbage-Brassica olerecea, carrot-Daucus carota, tomato-Solanum lycopersicum, lettuce-

Lactuca sativa). The most effective concentration (50% v/v, lemon juice-white sorghum) of 

the mixtures was further used for bioassay of vegetables contaminated with isolate with the 

lowest zone of inhibition (LM 29) to the treatments at dipping times of 0-20 min. The major 

active compounds in the mixtures were also elucidated with Fourier Transform Infra-Red 

spectroscopy. There were significant differences (p _ 0.05) in the responses of the isolates to 

the treatments which varied with types of isolates, the cereal sources, and contact times. 

There were reductions in the colonies of the isolates as the dip time increased and the isolates 

inoculated onto carrots; cucumbers and lettuce were completely inhibited at 10, 15, and 20-

minute treatment times. Alcohol and carboxylic acids were identified as the major active 

compounds responsible for the reduction and inhibition of the isolates. 

 

Mr. Vice-Chancellor, Sir, fermentation not only preserves food but also enhances it.  

2.1.1.2. Enhanced Nutritional Value  

Fermentation can increase the bioavailability of nutrients and introduce beneficial probiotics, 

improving the nutritional profile, and chemical and physicochemical properties of fermented 

cereals, tuvers, and dairy.  

 



16 
 

2.1.1.2.1 Cereal Products 

The effect of fermentation and malting on selected physicochemical, textural and 

microstructural changes in pearl millet (Pennisetum glaucum) flour and its resultant biscuit 

was carried out with my colleagues (Janet et al., 2016). Results obtained showed that both 

fermentation and malting significantly (p < 0.05) increased swelling capacity, and oil and 

water absorption capacity, with a decrease in bulk density of the flours. The diffraction 

patterns on X-ray diffraction (XRD) showed a slight increase in the crystallinity of the 

fermented and malted millet flours, while baking resulted in a reduced crystallinity of the 

biscuit samples. The Fourier transform infrared (FTIR) spectra showed changes and increases 

in the band intensities, while the scanning electron microscopy (SEM) studies revealed that 

while fermentation and malting changed the microstructure of the native flour from an 

irregular compact granular structure to a regular loose structure, baking induced a distorted 

“honey-like” comb structure to all the biscuit samples. Textural profile (hardness) also 

showed an increase in hardness from 5.30 N in the native biscuits to 15.85 and 29.31 N in the 

malted and fermented biscuit samples respectively. Conclusively, fermentation and malting 

modified and improved the physicochemical and possible nutritional properties of the flour 

and resultant biscuit 

 
 

My colleagues and I (Adebiyi et al., 2017) also studied the effects of fermentation and 

malting on the proximate composition, mineral content, amino acids, and total 

phenolic content of pearl millet flour and biscuits. Consumer tests of the biscuit 

samples were also done using two sets of panelists. The results showed that 

fermentation and malting improved the crude fiber, crude protein, carbohydrate, 

and energy values of the pearl millet flour. For the biscuit samples, the fermented 

and malted biscuits had higher moisture, crude protein, crude fiber, and energy 

value with lower fat and ash content as compared to the biscuits obtained from 

native flour. Fermentation and malting were further observed to increase the 

majority of the essential and non-essential amino acids. Consumer tests among 

the different sets of panelists showed differences in the loading patterns as 

observed through principal component analysis. In conclusion, this study shows 

that fermentation and malting improve the nutritional, and health composition of 

pearl millet flour as well as the sensorial acceptability of subsequent biscuits. 
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2.1.1.2.2 Roots and Tubers Products 

Obadina et al. (2013) investigated and improved the traditional processing method and 

nutritional quality of the traditional cassava snack (Ajogun). Cassava root (Manihot esculenta 

Crantz L.) of TME 419 variety was processed into mash (40% moisture content). The cassava 

mash was mixed into different blends to produce fried traditional “Ajogun”, and fried and 

baked extrudates (modified Ajogun) as snacks. These products were analyzed to determine 

the proximate composition including carbohydrate, fat, protein, fiber, ash, and moisture 

contents and functional properties such as bulk density. The results obtained for the moisture, 

fat, protein, and ash contents showed a significant difference (P < 0.05) between the control 

sample and the extrudates. However, there was no significant difference (P > 0.05) in the 

carbohydrate and fiber contents between the three samples. There was no significant 

difference (P > 0.05) in the bulk density of the snacks. Also, sensory evaluation was carried 

out on the cassava-based snacks using the 9-point hedonic scale to determine the degree of 

acceptability. Results obtained showed significant differences (P < 0.05) between the 

extrudates and control samples in terms of appearance, taste, flavor, color, aroma, texture, 

and overall acceptability. This study has shown that “Ajogun”, which is a lesser-known 

cassava product, is rich in protein and fat. 

 

 

2.1.1.2.3. Leguminous Products 

Obadina et al. (2013) studied the changes in the chemical and nutritional composition of 

naturally fermented soy nono at ambient temperature (27 ± 2oC) for 72 h. The biochemical 

changes in the fermenting soy nono showed a drop in pH from 6.90 to 4.09 while titratable 

acidity (lactic acid equivalent) increased from 0.42 to 1.82% after 72 h of natural 

fermentation. The moisture, carbohydrate, and fat contents decreased from 93.45 to 92.70, 

1.52 to 0.60, and 2.18 to 0.87 % respectively while total solids, ash, and protein contents 

increased from 6.55 to 7.30, 0.23 to 0.74 and 2.62 to 5.09 % respectively. The results also 

reveal that the calcium, iron, and magnesium contents in the fermenting soymilk increased 

from 52.86 to 71.43, 28.00 to 40.00, and 7.66 to 8.87 mg/l respectively within time intervals 

of 0 to 54 h, and then decreased to 65.00, 28.00 and 7.83 mg/l respectively till the end of 

fermentation period while the zinc content increased from 4.42 to 6.75 mg/l throughout the 

fermentation period. It was evident that there was an increase in protein, calcium, 

magnesium, zinc, and iron contents during the natural fermentation of soymilk. 
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The effect of using different monoculture bacterial starters and natural fermentation on the 

amino acids profile of condiments produced from African yam bean seeds was investigated 

(Pius et al., 2023). The result revealed a total of 18 amino acids with glutamic and aspartic 

acids as the most abundant amino acids in all the sample portions, with a range of values of 

9.79-11.44 g/100 g protein and 9.20 -10.67 g/100 g protein respectively. The inoculated 

samples were richer in all the amino acids quality than un-inoculated. The total amino acid 

content of the samples was significantly different (p ≤ 0.05). Bacillus amyloliquefacien 

starter fermented sample had the highest total amino acid value of 95.80 g/100 g protein 

while Bacillus subtilis fermented and un-inoculated seed portion samples had a total amino 

acid value of 86.81 g/100g and 74.04 g/100 g protein respectively. The essential amino acids 

(EAA10) were significantly different (p ≤ 0.05) and were in the range of 35.75-46.32 g/100 

g protein with leucine, arginine, lysine, valine, isoleucine, and phenylalanine the most 

abundant in inoculated and un-inoculated samples portions and were more concentrated in 

inoculated samples. Non-essential amino acids were slightly higher (38.29 - 49.47 g/100 g 

protein) than the total essential amino acids. The total acidic amino acids varied from 18.99 – 

22.11 g/100 g protein and were significantly higher than the basic amino acids (12.88 – 

15.95 g/100 g protein). The amino acid content of the Bacillus amyloliquefacien starter 

fermented sample was better enhanced than the sample fermented with Bacillus subtilis 

starter. The study concluded that controlled fermented condiments produced with B. 

amyloliquefacien culture boosted the value and profile of the amino acid.  

 

 

2.2. Negative Roles of Microorganisms in Food Security 

Microorganisms play a significant role in food security with negative impacts. Understanding 

their roles helps in developing strategies to enhance food safety, improve food production, 

and manage foodborne illnesses. Here's an overview of their negative roles in food security as 

confirmed through our research activities: 

2.2.1. Foodborne Illnesses 

2.2.1.1. Pathogens 

 Bacteria such as Salmonella spp., Escherichia coli, Listeria monocytogenes, and viruses like 

norovirus can cause severe foodborne illnesses, impacting human health and safety. 
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As part of the ‘Cassava fufu project’ sponsored by the Department for International 

Development (DFID), Obadina et al. (2003 -2005) investigated the hazards and Critical 

Control Points (CCP) for Cassava fufu processing in South-West Nigeria. The investigation 

leads to the development of a system that can improve the hygienic quality of wet 'fufu' 

production in South-West Nigeria by upgrading the processing facilities and implementing of 

Good Manufacturing Practices (GMP) before the application of Hazard Analysis Critical 

Control Points (HACCP) in the processing plants. The effectiveness of the GMP and HACCP 

was assessed by monitoring the environment and fufu production. Air sampling and swabbing 

of equipment surfaces revealed a microbiota that was consistent with the fermented product. 

The results before application of GMP and HACCP showed the predominance of 

Staphylococcus aureus in the wet fufu samples ranging between 1.1x104 cfu/g and 2.5 x105 

cfu/g. Monitoring after application showed that the raw materials, products, and processing 

parameters conformed to the critical limits within which the safety of the food product would 

be ensured. This was confirmed by the results of laboratory analysis of raw materials, 

intermediary, and final products. Escherichia coli, Staphylococcus aureus, and Salmonella 

sp. were not detected in any of the finished products. Application of GMP and HACCP was 

therefore found to be effective as a quality management system for assuring the safety of 

traditionally processed wet fufu. 

 

 

Mr. Vice Chancellor, Sir, Obadina et al. (2013) investigated the hazards and critical control 

points (CCP) along the processing chain of grilled cow meat ‘suya’ in Abeokuta, Ogun State. 

Twenty-five locations and processors were randomly selected and a hazard analysis survey of 

the “suya” processing environment was carried out for the centers. This analysis consisted of 

observing the raw materials, and environment and watching all steps involved in the 

processing. Samples were collected during the processing and results of analysis were used to 

identify the critical control point (CCP) to evaluate the microbiological hazards. 

Microbiological analysis of raw meat, processing slabs, knives, spices, steak, processing 

equipment, and processors hands revealed contamination with Coliform, Bacillus cereus, 

Salmonella spp., Shigella spp., Staphylococcus aureus. The presence of Coliforms, S. aureus, 

and B. cereus indicates that the processing is carried out in a highly contaminated 

environment. This shows that the education of processors on the hazards, CCP, and the 

importance of a hygienic environment is imperative.  
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In another research, Adeyeye et al. (2015) studied the quality and safety status of traditional 

smoked fish from Lagos State, Nigeria. Fresh fish samples (100 of Silver catfish, Spotted 

tilapia, Bonga shad, Nigerian tongue sole, and Guinea barracuda) were collected from twenty 

fishing/processing centres from Badagry and Epe Local Government Areas of Lagos State, 

Nigeria. The samples were divided into two batches; one batch was smoked with a drum kiln 

and the second batch was taken to the laboratory for analysis. Laboratory analyses were 

carried out on the two batches for: proximate (protein, fat, moisture, crude fibre, and ash), 

quality indices (peroxide value PV, thiobarbituric acid TBA, total nitrogen base-nitrogen 

TVB-N, trimethylamine acid TMA, free fatty acid FFA and pH), heavy metals and 

microbiological (Coliform, fugi, Listeria monocytogenes, Salmonella paratyphi and 

Staphylococcus aureus). The results of the proximate, quality, and microbiological analyses 

revealed that there were significant variations (p<0.05). The mean moisture content of fresh 

fish samples ranged from 73.48% – 75.94% and that of smoked fish samples ranged from 

11.86% - 13.41%. The mean protein content of fresh fish samples ranged from 15.18% – 

17.96% and that of smoked fish samples ranged from 54.80% – 59.35%. An inverse 

relationship was observed between the moisture and protein content in the smoked fish 

samples. The study showed that smoking affects quality and significantly (P<0.05) reduces 

the moisture content of smoked fish and the quality indices such as FFA, TBA, and PV. The 

study concluded that the levels of the four heavy metals investigated in the fish samples are 

generally below the maximum permissible levels set by the World Health Organization for Pb 

(0.3 ppm); Cd (0.2 ppm), Hg (0.2 ppm) and Cr (0.5 ppm) and hence pose no risk to smoked 

fish consumers. However, samples of smoked fish showed the presence of Listeria 

monocytogenes which may constitute a threat to public health. 

 

Also, Obadina (2024) contributes to the development of the Encyclopedia of Food Safety, 

Second edition, published by Elsevier with world-renowned food safety experts. A chapter 

on Foodborne Diseases and Vulnerable Groups was established that susceptibility to 

foodborne disease is the inability of the host to prevent or overcome adverse effects caused 

by pathogens transmitted by food. This is increased by conditions that alter the host’s 

defenses and modify the function of the immune system. Such factors are age (neonates, 

infants, young children, and the elderly because of a progressive immunosenescence), 

pregnancy (immune tolerance to the fetus), nutritional status, underlying health conditions 

(e.g., AIDS, cancer), and immunosuppressive therapies (especially after organ 
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transplantation) can be responsible for this. These describe some of these groups, the main 

foodborne agents involved and the basis for their vulnerability. 

 

2.2.2.2 Mycotoxins 

 Certain molds, like Aspergillus flavus, produce mycotoxins (e.g., aflatoxin) that contaminate 

crops and pose serious health risks to humans and animals. In a consortium of food safety 

experts, Bamidele et al. (2017) studied the bacterial species and mycotoxin contamination 

associated with locust bean, melon and their fermented products in south-western Nigeria. It 

was observed that the microbiological safety of spontaneously fermented foods is not always 

guaranteed due to the undefined fermenting microbial consortium and processing materials. 

In this study, two commonly consumed traditional condiments (iru and ogiri) and their 

respective raw seeds (locust bean and melon) purchased from markets in south-western 

Nigeria were assessed for bacterial diversity and mycotoxin contamination using 16S rRNA 

gene sequencing and liquid chromatography-tandem mass spectrometry (LC-MS/MS), 

respectively. Two hundred isolates obtained from the raw seeds and condiments clustered 

into 10 operational taxonomic units (OTUs) and spanned 3 phyla, 10 genera, 14 species, and 

2 subspecies. Bacillus (25%) and Staphylococcus (23.5%) dominated other genera. 

Potentially pathogenic species such as Alcaligenes faecalis, Bacillus anthracis, Proteus 

mirabilis, and Staphylococcus sciuri subsp. sciuri occurred in the samples, suggesting poor 

hygienic practice during the production and/or handling of the condiments. A total of 48 

microbial metabolites including 7 mycotoxins [3-nitropropionic acid, aflatoxin B1 (AFB1), 

AFB2, beauvericin, citrinin, ochratoxin A, and sterigmatocystin], were quantified in the food 

samples. Melon and ogiri had detectable aflatoxin levels, whereas locust bean and iru did not; 

the overall mycotoxin levels in the food samples were low. There is a need to educate 

processors/vendors of these condiments on good hygienic and processing practices. 

Adekoya et al. (2017) studied the safety and quality of some fermented foods in Nigeria with 

fungi. This study employs cluster sampling to obtain different fermented foods: maize gruel 

ogi, locust beans iru, sorghum meal ogi baba, dried locust beans dried iru, African oil bean 

seed ugba and melon ogiri from Southwest Nigeria. Moisture content, total titratable acidity, 

pH, and fungal diversity within each sample were determined. The identity of the isolates was 

established through macroscopic, microscopic, and molecular biology means. The moisture 

content and pH of analyzed samples ranged from 12 to 56% and 3.60 to 8.08, respectively. 

The overall data on the mycobiota of the fermented foods revealed that total fungal loads of 
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ugba and ogiri were 1.05 x105 and 7.9 x 105 cfu/g, respectively. Generally, fungal isolates 

belonged to 17 genera including Aspergillus, Fusarium, Candida, Saccharomyces and 

Penicillium. The dominant fungi detected were A. flavus and all analyzed samples were 

contaminated with F. verticillioides except for ogi baba. The study led to the discovery of 

new fungal strains and previously unreported fungal species in the selected fermented foods. 

The analyzed fermented foods were highly contaminated with different fungal species that 

could potentially be toxigenic in producing various types of mycotoxins. 

 

A follow-up of this study was carried out in other clime by the same researchers (Adekoya et 

al., 2018). We investigated the fungal and mycotoxin contamination of fermented foods from 

selected South African markets. Endotoxins are ubiquitous heat-stable lipopolysaccharide 

(LPS) complexes situated in the outer cell membranes of Gram-negative bacteria. This study 

evaluated the microbiological quality of fermented foods (ogiri, ugba, iru, ogi, and ogi baba) 

and beverages (mahewu and umqombothi) from selected Nigerian and South African markets. 

The bacterial diversity of the fermented foods was also investigated and the identity of the 

isolates was confirmed by biochemical and molecular methods. Isolate grouping was 

established through hierarchical clustering and the samples were further investigated for 

endotoxin production with the chromogenic Limulus Amoebocyte Lysate assay. The total 

aerobic count of the samples ranged from 5.7 to 10.8 Log CFU/g. Fourteen bacteria genera 

were detected with most of the isolates being members of the Enterobacteriaceae family. 

Sphingomonas paucimobilis and Escherichia coli were the dominant Gram-negative bacterial 

species detected. There were considerable variations in the concentrations of endotoxins 

produced and the lowest endotoxin concentration was found in ogi (4.3×10 EU/g) and the 

highest in iru (5.5×104 EU/g) while 44% of umqombothi samples had endotoxins. Ogi baba 

samples had better microbial quality than other samples due to their reduced bacterial load 

and endotoxin levels. There was a strong positive (r=0.714, r=0.996) and significant (p < 

0.01) correlation between the endotoxin levels and bacterial loads of the samples. Some 

previously unreported species of bacteria found in the fermented foods included Aeromonas 

haemolyticus and Rhizobium radiobacter. This is the first comprehensive report on 

endotoxins in fermented foods and beverages in Africa. Furthermore, the occurrence of 

pathogenic bacteria and toxins in foods and beverages is of serious concern that calls for 

immediate action. 
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In another research, Kupoluyi et al. (2024) studied the effects of steeping on fungal 

contamination and diversity in achi (Barchystegia eurycoma) seeds sold in some selected 

markets in Lagos state, Nigeria. Achi (Brachystegia eurycoma) seeds are widely used as a 

thickening agent in traditional Nigerian cuisine. However, the processing methods used for 

achi seeds can lead to fungal contamination, posing considerable health risks to consumers. 

The study aims to investigate the effect of water steeping on fungal species contaminating 

achi seeds sold in some selected markets in Lagos, Nigeria. The achi seeds were steeped by 

soaking them in water at 37 °C for two days, and the moisture content was subsequently 

determined. The isolated fungal species were identified using both morphological and 

molecular techniques. The moisture content (37.82—51.64%) of the steeped achi seeds was 

higher than that of the unsteeped achi seeds (8.32—15.73%). Seven fungal species were 

recovered from the achi seeds, including six Aspergillus spp. (A. aculeatus, A. flavus, A. 

fumigatus, A. niger, A. japonicus, and A. oryzae), along with Rhizopus microsporus. Notably, 

the steeped samples were found to contain all seven fungal species whereas the unsteeped 

achi were contaminated with just four fungal species, namely A. aculeatus, A. flavus, A. 

fumigatus, and A. niger. Additionally, the steeped achi seeds showed a higher fungal load 

(4.92 × 103—5.50 × 103 CFU/g) compared to the unsteeped samples (3.39 × 103— 5.33 × 103 

CFU/g). This current study indicates that steeping increases fungal contamination and 

diversity in achi seeds, raising concerns about food safety. 

 

Mr. Vice Chancellor, Sir, the effect of common antibiotics on food pathogens was studied. 

Permit me to present some of our findings. 

 

2.2.2. Antibiotic Resistance 

Overuse of antibiotics in agriculture can lead to the development and spread of antibiotic-

resistant bacteria, which can transfer resistance genes to pathogenic bacteria, complicating 

the treatment of infections. Antimicrobial Resistance (AMR) occurs when microorganisms 

survive in the presence of antimicrobials (such as antibiotics) meant to inhibit or eradicate the 

organisms. It poses a threat to humans by predisposing humans to untreatable infections such 

as foodborne diseases.  

Food handlers and fresh fruits and vegetables are exposed to AMR in the food supply chain 

via direct contact with antibiotic-treated livestock and fish or their waste; cross-
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contamination from poultry, fish, dairy, or eggs or their products and manure, and 

irrigation/washing water contaminated with runoff sewage from treated livestock 

The prevalence of Listeria spp. and the antimicrobial resistance in fresh fruits on retail sale in 

South-West Nigeria was studied by Areo et al. (2025). Listeria spp is ubiquitous with 

pathogenic strains causing listeriosis in people of all ages. This study evaluated the 

microbiological level, virulence, and resistance genes of Listeria spp in 540 cucumbers 

(n=90), cabbage (n=90), carrot (n=90), garden egg (n=90), tomato (n=90), and watermelon 

(n=90) on retails in thirty reputable open markets, in  Lagos, Oyo and Ondo states of South 

West Nigeria. Sixty Listeria monocytogenes, Listeria ivanovii, Listeria welshimeri, Listeria 

seegligeri, Listeria grayi,  Listeria innocua, and/or other Listeria spp were identified 

genotypically and sequenced by 16 rRNA. The geometric mean from these isolates ranged 

from 10.00-89.00 MPN/g, from the 180 homogenized samples from 3 vendors of the same 

farmers. The positive isolates with geometric values of more than 100 MPN/g and below 1 

MPN/g had a prevalence of 15 (25.00%) and 5 (8.33%) respectively. Pathogenic and non-

pathogenic Listeria spp had a prevalence of virulence genes value of 189 (58.1%) and 92 

(32.74%) respectively, with VG protein actin (actA) 24 (56.76%) for pathogenic Listeria spp 

and VG phosphatidylinositol-phospholipase C  plcB 14 (42.42%) for the non-pathogenic 

category. Listeria spp from this study exhibits high resistance to erythromycin 58 (96.67%), 

amoxicillin-clavulanic 56 (93.33%), chloramphenicol 55 (91.67%), clindamycin 54 (90.00%) 

and vancomycin 53 (88.33%). Prevalence of Antimicrobial Resistance Genes (ARG) of 

pathogenic Listeria spp was dominant compared to the non-pathogenic Listeria spp. 

Pathogenic Listeria spp could lead to serious untreatable food-borne diseases if good hygiene 

and cold storage conditions from farm-fork are not employed on fresh fruits and vegetables. 

 

2.3. Enhancing Food Security through Microbial Management 

Mr. Vice Chancellor, Sir, in this section on my contributions to knowledge, I researched how 

to enhance food security with strategies to maximize the benefits of positive microorganisms 

while mitigating the risks associated with harmful ones 

2.3.1. Controlling Harmful Microbes 

Implementing stringent food safety measures, including proper handling, storage, and 

cooking practices, can reduce foodborne illnesses. Adeyeye et al. (2015) studied the effect of 

smoking methods on microbial safety, polycyclic aromatic hydrocarbons, and heavy metal 
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concentrations of traditional smoked fish from Lagos State, Nigeria. One hundred samples of 

fresh fish were obtained from 20 different fishing communities/processing centers. The fresh 

fish samples were divided into two batches: The first batch was smoked with a drum kiln, and 

the second batch was immediately taken to the Fish Hatchery Unit, Federal University of 

Agriculture, Abeokuta, for smoking with a convective kiln. Laboratory analyses were carried 

out on the two batches for microbiological (Coliform, Fungi, Listeria monocytogenes, 

Salmonella paratyphi, and Staphylococcus aureus), polycyclic aromatic hydrocarbon, and 

heavy metals (mercury, lead, cadmium, and chromium). The results of the microbiological, 

polycyclic aromatic hydrocarbon, and heavy metal analyses revealed that there were 

significant variations (p < 0.05) between them. LC count of fresh silver catfish spotted tilapia, 

bonga shad, Nigerian tongue sole, and Guinea barracuda samples were 1.9 × 102, 1.7 × 102, 

2.0 × 102, 2.1 × 102 and 2.6 × 102 cfu/g and their drum kiln smoked samples were 4.0 × 10, 

5.3 × 101, 6.0 × 101, 12.2 × 101 and 7.4 × 101 cfu/g, respectively, while samples from 

convective smoking kiln contain no strain of Listeria monocytogenes. The concentrations of 

the six major PAHs (fluorene, anthracene, benzo [b] fluoranthene, benzo [a] anthracene, 

benzo [a] pyrene and benzo [ghi] perylene) in the drum-smoked fish exceeded the EU 

maximum level of 5.0 μg/kg for BaP permissible in smoked fish, while samples smoked by 

convective smoking kiln showed levels below 3.5 μg BaP/kg. The study also showed that the 

levels of the four heavy metals investigated in the smoked fish samples are generally below 

the maximum permissible levels set by the World Health Organization for Hg (0.2 ppm), Pb 

(0.3 ppm), Cd (0.2 ppm), and Cr (0.5 ppm) and hence pose no risk to smoked fish consumers. 

 

 

The possibility of preventing microbial hazards on fresh-cut lettuce by adopting food safety 

and hygienic practices by lettuce farmers was determined by Lateefah et al. (2017).  Lettuce 

is consumed raw in salads and is susceptible to microbial contamination through the 

environment, agricultural practices, and its morphology; thus, it is a potential vehicle for 

foodborne illness. This study investigated the effect of the adoption of food safety and 

hygienic practices by lettuce farmers on the microbial safety of field-sourced lettuce in Lagos 

State, Nigeria. Ten structured questionnaires were administered randomly to 10 lettuce 

farmers to assess food safety and hygienic practices (FSH). Two farmers who practice FSH 

and two farmers who do not practice non-food safety hygiene (NFSH) were finally used for 

this study. Samples of ready-to-harvest lettuce, manure applied, and irrigation water were 

http://onlinelibrary.wiley.com/doi/10.1002/fsn3.365/full
http://onlinelibrary.wiley.com/doi/10.1002/fsn3.365/full
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obtained for a period of five months (August – December 2013) and analyzed for total plate 

count (TPC), total coliform count (TCC), Escherichia coli, Listeria spp., Salmonella spp., 

and Shigella spp. counts. The result of microbial analyses of lettuce samples was compared 

with the international microbiological specification for ready-to-eat foods. Results showed 

that the range of TPC on lettuce was 6.00 to 8.11 LogCFU/g from FSH farms, and the TPC of 

lettuce samples from NFSH farms ranged from 6.66 to 13.64 LogCFU/g. The TTC ranges of  

1.49 to 4.85 LogCFU/g were from lettuce samples obtained from FSH farms, while NFSH 

farms had TCC ranging between 3.95 and 10.86 LogCFU/g. The range of isolated pathogen 

count on lettuce from FSH and NFSH farms exceeded the international safety standard; there 

was a significant difference in the microbial count of lettuce from FSH farms and NFSH 

farms. This study concludes that the lettuce samples obtained did not pass the international 

microbial safety standards. FSH compliance is a major determinant of the microbial safety of 

lettuce. Hence, the institution of FSH on the farm to improve the microbial safety of lettuce 

produced for public consumption is emphasized. 

 

 

2. 4. Awareness 

Food safety is a critical public health issue affecting citizens' well-being and the state's 

economic stability. Recent incidents of foodborne illnesses, e.g. Cholera in 2024, highlight 

the need for a robust and proactive approach to ensure the safety of our food supply. In 2024, 

my colleagues and I  studied the hygiene practices in different green leafy vegetable markets 

in various states within Nigeria under the Research supporting African MSMEs to deliver 

affordable, safe, and nutritious foods (RSM2SNF) project funded by Bill and Melinda Gates. 

The results of the survey led to the development of several policy briefs for each state. 
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Table 3: Status of toilets and water available for use in various markets within some selected 

states in Nigeria 

 

 

Mr. Vice-Chancellor, Sir, from the survey, it was recommended that the government should: 

i. Invest in the construction of more modern toilets to reduce the trader-to-toilet ratios in 

the states. 

ii. Launch statewide education and training for traders and consumers to educate the 

public on safe food handling, storage, and preparation practices.  

iii. Integrate food safety education into school curricula to raise awareness among 

children and their families to improve food safety demand and supply. 

iv. Employ more workers as Environmental Health Officers and train them on the 

principles of Food Safety, Food Hygiene, and Personal Hygiene. 

v. Monitoring and control of hygiene in the markets: The Environmental Health Officers 

should be empowered to regularly monitor the hygiene practices of the people in the 

markets and sanction them if there is a need. 

 

My colleague and I (Ademola et al., 2018) studied the co-occurrence of aflatoxin and 

fumonisin along the maize value chain in southwest Nigeria and the results lead to the 

development of a policy brief for the Feed the Future Innovation Lab for Food Security 

Research, East Lansing, Michigan State University. Aflatoxin, a naturally occurring 

mycotoxin in maize and nuts, is known to cause liver cancer in humans; hence, strategies to 

reduce aflatoxin in food are critical. Although fumonisin, another mycotoxin in maize, has 

not been conclusively linked to any human diseases, it causes multiple adverse effects in 

other animal species and has been implicated in neural tube defects and growth impairment in 

State Has a 
functional 
toilet (%) 

Number of 
traders per 

toilet 

Access to 
pipe-borne 
water (%) 

Treat 
water 

(%) 

Share of markets 
whose main water 

source is a bore hole 

Share of markets 
whose main water 

source is a well 

Cross 
River 

32 911 0 0 27 2 

Kaduna 39 510 5 9 18 30 

Ebonyi 26 722 13 0 29 4 

Oyo 52 470 4 17 34 12 

FCT 100 216 40 20 39 0 

Plateau 17 1129 4 0 12 14 

Borno 95 183 0 0 12 0 

Kebbi 77 211 0 0 33 37 
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human infants and children. This study examined the impact of lactic acid fermentation – a 

food and beverage processing method that has been used for millennia in human populations 

– to decrease levels of aflatoxin and fumonisin in maize products in Nigeria. We found that 

some aflatoxin levels were significantly reduced by lactic acid fermentation. However, even 

after processing, the mean total aflatoxin level in samples of the final product was typically 

close to the maximum acceptable limit shared by Nigeria and the European Union 4μg/kg. 

On the other hand, lactic acid fermentation significantly reduced the levels of fumonisin. 

Thus, while lactic acid fermentation can improve the food safety profile of maize, other 

strategies such as low initial levels in maize grain and other mycotoxin control methods are 

likely necessary to guarantee a product that meets Nigerian/EU aflatoxin standards. 

 

3.0.    HUMAN CAPACITY-BUILDING AND UNIVERSITY SERVICES  

 

3.1 Human capacity 

As a Professor of Food Safety and Biotechnology, I am deeply committed to developing 

human capacity in areas critical to sustainable food systems, public health, and technological 

innovation. My contributions include: 

3.1.1 Specialized Training in Food Safety and Biotechnology 

I have coordinated several workshops on food safety within and outside Nigeria, such as: 

i. Training of Enterprises on the Development and Implementation of ISO 22000:2005 

Food Safety Management Systems, under the West Africa Quality Programme 

(WAQP) executed by UNIDO on behalf of ECOWAS and funded by the European 

Union in the framework of its 9th European Development Fund (2012) 

ii. Global Alliance for Improved Nutrition (GAIN) EatSafe ToT Food Safety Training in 

Kebbi and Kaduna States (2022). 

iii. Basic and Advanced Food Safety and Hygiene Best Practices and Regulatory 

Standards in Abuja, Benue, Kaduna, and Nasarawa States, sponsored by Global 

Alliance for Improved Nutrition (GAIN) - 2023 

iv. Training workshop on Product Standards and Quality Improvements for Micro, Small, 

and Medium-Scale Enterprises (MSMEs) Involved in Food and Agro Processing in 

Nigeria, sponsored by the Commonwealth Secretariat, London, UK (2023). 
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v. Training of Trainers workshop on Food Safety for Enterprise Support Organizations 

(ESOs) in Nigeria, Benin, Uganda, Ethiopia, Mozambique, and Kenya sponsored by 

GAIN (2024). 

3.1.2 Mentorship and Research Guidance 

I have successfully supervised nine Doctor of Philosophy students who graduated in the last 5 

years, over twenty master’s degree students, and more than One Hundred undergraduate 

students in research areas related to food safety, biotechnology innovations, and sustainable 

food production both within and outside Nigeria. 

 

3.1.3 Capacity Strengthening in Policy and Regulation 

My expertise has been used in equipping policymakers, regulators, and industry stakeholders 

with knowledge of global food safety standards and risk management strategies such as: 

i. Food Safety Strategy for Africa (FSSA) 

ii. Codex approved Guidelines for Food Hygiene in Traditional Markets 

iii. WHO Guideline Development Group (GDG) – Reducing public health risks 

associated with the sale of live wild animals of mammalian species in traditional food 

markets 

iv. Guidelines for Good Hygienic Practice for Fish and Fish Products 

v. Guidelines for Good Hygienic Practice for Tomatoes and Green Leafy Vegetables 

vi. Policy Brief to measure the strength of food safety in Borno, Oyo, Abuja, Ebonyi, 

Kaduna, and Nasarawa States 

 

3.2 University Services 

In my capacity as a professor, I actively contribute to strengthening the higher education 

ecosystem through: 

 

3.2.1 Academic Leadership 

I have led initiatives to develop and improve academic programs in food safety, 

biotechnology, and related disciplines, advocating for interdisciplinary approaches to 

curriculum design, incorporating elements of sustainability, public health, and innovation. 

Such as: 

i. Curriculum Development for Master of Science in Food Safety (M.Sc. Food Safety) 

and Food Fermentation (M.Sc. Food Fermentation) with Prof. Folarin Oguntoyinbo 
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from Appalachian University, USA, and sponsored by the Carnegie African 

Development Fellowship Programme. 

ii. The Chair of the Committee that reviewed the Food Science and Technology 

Curriculum for Nigerian Polytechnics. 

 

3.2.2 Research and Innovation Promotion 

I have established collaborative research networks between FUNAAB and international 

institutions such as the Federal Research Institute for Animal Health, Greifswald, Germany; 

University of Johannesburg, South Africa; International Livestock Research Institute (ILRI), 

Kenya; and EMBRAPA Postharvest Institute, Rio de Janeiro, Brazil. 

 

3.2.3 Quality Assurance and Accreditation 

As the Chair of the Global Harmonization Initiative (GHI) Food Safety Education and 

Training Working Group, I have been involved in contributing to the development and 

implementation of quality assurance frameworks to uphold academic excellence in food 

safety programmes to ensure compliance with global standards. 

 

3.2.4 Policy Development and Advocacy 

As the Chairman of the draft implementation plan for the Food Safety Strategy for Africa 

(FSSA), I assisted in the formulation of policies that integrate food safety into the continental 

and regional development agendas. Also involved in promoting the adoption of ethical 

standards and best practices in research, innovation, and teaching.  

 

4.0. CONCLUSION 

Food security can be significantly improved by leveraging the dual role of microorganisms— 

as frenemies—in agriculture, food production, and preservation. Bacteria, fungi, and yeasts 

play essential roles in soil fertility, crop yield enhancement, food preservation, and waste 

reduction, all of which contribute to a stable food supply. 

 

In agriculture, microorganisms enhance productivity by promoting soil health and nutrient 

availability. Nitrogen-fixing bacteria, such as Rhizobium, reduce reliance on synthetic 

fertilizers, while mycorrhizal fungi improve plant nutrient and water absorption. 
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Additionally, microbial biopesticides like Bacillus thuringiensis and Trichoderma fungi 

protect crops from pests and diseases, reducing the need for chemical pesticides. 

Microorganisms are also indispensable in food processing, particularly in fermentation, 

which enhances food quality and shelf life. Fermented foods such as yogurt, cheese, gari, and 

ogi benefit from beneficial microbes that improve digestibility and nutritional value while 

reducing spoilage. Probiotic bacteria further support human health by enhancing gut health 

and immunity. 

Post-harvest losses, a major challenge to food security, can be mitigated through 

biopreservation. Lactic acid bacteria produce antimicrobial substances that prevent spoilage, 

extending the shelf life of perishable foods. Similarly, in livestock and aquaculture, probiotics 

and microbial feed additives improve animal health, productivity, and disease resistance, 

ensuring a stable supply of animal protein. 

 

By integrating microbial solutions into agriculture and food systems, food security can be 

strengthened through increased productivity, enhanced safety, reduced losses, and sustainable 

practices, ensuring long-term access to safe and nutritious food. 

 

5.0. RECOMMENDATIONS 

Recommendation for stakeholders in achieving food security through taking advantage of the 

‘frenemies’: 

 

The integration of microbial technologies into agriculture and food systems can enhance food 

security through various approaches. Microbial-based preservation and fermentation 

techniques extend food shelf life, enhance nutritional value, and reduce waste. Probiotics in 

human diets, livestock feed, and aquaculture promote health, growth, and productivity. 

  

The government should promote the use of microorganisms in agriculture, food processing, 

and waste management. This includes adopting biofertilizers and biopesticides to improve 

crop yields, supporting microbial fermentation and biopreservation to reduce food losses, and 

utilizing probiotics in livestock and aquaculture to boost productivity. Additionally, investing 

in research, establishing regulatory frameworks, and providing incentives for microbial 

biotechnology applications will ensure sustainable food production and safety. 
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Federal University of Agriculture, Abeokuta needs to: 

i. Promote the knowledge of food safety among students, hence a compulsory course at 

the 300 level for all students. 

ii. Offer part-time programs on food safety for personnel in the food industry around 

Abeokuta environs. 

iii. Develop a center for food safety and security where research and capacity building of 

people will be facilitated. 
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