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ABSTRACT 

Manihot esculenta flour (lafun) is a dry smooth granular product of cassava which is a 

staple food consumed daily in Nigeria. Cassava flour is exposed to fungi infestation due 

to poor processing and storage conditions, thus, this study seeks to determine the health 

risk associated with ingestion of lafun by the average consumer in Nigeria. Sixty-four 

(64) composite samples of cassava flour were formed from 130 samples, which were 

randomly purchased from open markets across the five Agro-Ecological zones in Nigeria 

(AEZs) and were aseptically transported to the NAFDAC laboratory for analysis. Fungal 

species isolation was carried out using dilution plate method and identification was based 

on the isolate’s morphological characteristics using identification keys and atlas in 

literature. Aflatoxins (AFG2, AFG1, AFB2, AFB1, and AFT) were identified and 

quantified using high performance liquid chromatography (HPLC).Occurrence data 

obtained were used to estimate exposure level and risk associated with the studied 

mycotoxins. A total of 108 fungal isolates belonging to four genera: Aspergillus spp., 

Fusarium spp., Penicillium spp., & Mucor Spp. were isolated from the lafun samples, 

with Aspergillus spp. (55.56%) having the highest frequency compared to the population 

of  other fungal genera in all the AEZs. AFG2, AFG1, AFB2, AFB1, occurred in all the 

tested samples at mean concentration of 12.62 µg/kg, 22.05 µg/kg, 2.12 µg/kg and 8.01 

µg/kg respectively. The result indicated that 57.58 % of the total cassava flour samples 

that tested positive to AFB1 exceeded the 2 µg/kg maximum regulatory limit set by 

European Union. Based on the estimated daily intake (EDI) calculated for average 

consumers, exposure to AFT were above acceptable limits. These findings raise public 

health concerns as the estimated risk of hepatocellular carcinoma per year is on the 

increase. 

 

  



vii 
 

TABLE OF CONTENTS 

Content                 Page 

Title Page          i 

Declaration                     ii 

Certification                     iii 

Dedication                     iv 

Acknowledgements                    v 

Abstract                      vi 

Table of Contents                    vii 

List of Tables                     xi 

List of Figures                     xii 

List of Appendix          xiii 

List of Abbreviations         xiv 

 

CHAPTER ONE 

1.0  INTRODUCTION               1 

1.1 Background to the Study       1 

1.2  Statement of the Research Problem             3 

1.3  Justification for the Study       3 

1.4  Aim and Objectives of the Study             4 

1.4.1 Aim of the research         4 

1.4.2 Objectives of the research       4 

CHAPTER TWO 

2.0  LITERATURE REVIEW              5 

2.1  Mycotoxins in food               5 

2.1.1 Types of mycotoxins        6 



viii 
 

2.1.1.1 Ochratoxins          6 

2.1.1.2 Fumonisins         6 

2.1.1.3. Zearalenone          6 

2.1.1.4 Trichothecenes.        7  

2.1.1.5 Patulin.         7  

2.2  Aflatoxins               8 

2.2.1 Global aflatoxin exposure       11 

2.2.2 Occurrence of aflatoxins in food and crops     13 

2.2.3 Metabolism and toxicity of aflatoxins     14 

2.2.3.1 Aflatoxins and their metabolism      14 

2.2.3.2 Toxicity of aflatoxins        15 

2.2.4 Impacts of aflatoxin contamination on agriculture and                                                      

food security, trade, and health      20 

2.2.4.1 Agriculture and food security       20 

2.2.4.2 Trade           20 

2.2.4.3 Human and animal health       21 

2.2.5 Aflatoxin contamination and favorable conditions.    28 

2.2.5.1 Physical factors        28 

2.2.5.2 Nutritional factors        29 

2.2.5.3 Biological factors        30 

2.2.6 Methods for detection and quantification of aflatoxins   30 

2.2.6.1 Chromatographic methods       31 

2.3  The Cassava plants             34 

2.3.1 Species or taxonomic group of cassava     35 

2.3.1.1 Classification and nomenclature      35 

2.3.2 Botanical description and propagation of cassava    36 



ix 
 

2.3.3 Cassava plant production       37 

2.3.3.1 World production of cassava       37 

2.3.3.2 Africa and asian production       38 

2.3.3.3 Cassava production in Nigeria       38 

2.3.4 Consumption patterns        39 

2.3.5 Importance of cassava in diets       40 

2.3.6 Cassava: a crop for sustainable agriculture and food security                                 

in developing  countries       41 

2.3.7 Nutritional value of cassava       42 

2.3.8 Toxicity of cassava roots        43 

2.3.9. Processing of cassava        44 

2.3.9.1 Importance of processing cassava roots      45 

2.3.9.2 Cassava flour production        46 

CHAPTER THREE          

3.0  MATERIALS AND METHODS           49 

3.1  Survey Sites              49 

3.2  Sampling and Sample Preparation            50 

3.3 Chemical and Reagents        51 

3.4 Apparatus               51 

3.5 Microbiological examination of Lafun sample    51 

3.6 Analysis of Lafun samples for Aflatoxin contamination using  

 HPLC               52 

3.7 Method Validation for HPLC            53 

3.8 Exposure Assessment and their Potential Risk Characterisation        55 

3.8.1 Data collection        55 

3.8.2. Aflatoxins dietary intake        55 



x 
 

3.8.3. Determination of burden of aflatoxins-attributable to hepatocellular 

 carcinoma incidence among lafun consumer     56 

3.8.4 Determination of HCC risk       57 

3.8.5 Cancer incidence attributable to dietary aflatoxins from consumption                                  

of lafun         57 

3.8.6 Disability adjusted life year (DALY) lost     57 

3.9 Statistical Analysis              58 

CHAPTER FOUR 

4.0  RESULTS AND DISCUSSION       59 

4.1 Results          59 

4.1.1  Frequency and incidence rate of fungal species identified in lafun   

 samples from five AEZS in Nigeria            59 

4.1.2 Colony forming units (CFU) of fungal species found in lafun  

 samples from the five agro-ecological zones in Nigeria        60 

4.1.3  Incidence and level of aflatoxins (ng/g) in lafun samples from  

 all the agro-ecological zones in Nigeria          61 

4.2 Discussion of Result        68 

4.2.1 Fungal occurrence (load and incidence) in lafun and their implications 68 

4.2.2 Aflatoxin contamination in lafun and their implications   70 

4.2.3 Exposure, risk assessment and annual burden and HCC/                                                          

year attributable to lafun consumption in agro-ecological                                           

zones in Nigeria.        71 

CHAPTER FIVE 

5.0 CONCLUSION AND RECOMMENDATIONS    75 

5.1 Conclusion          75 

5.2 Recommendations         75 

5.3 Contribution of Research to Knowledge     76 

REFERENCES        78 

APPENDIX         93 



xi 
 

LIST OF TABLES 

Table                  Page 

3.1  Calibration Parameters for HPLC Analysis     54   

4.1 Distribution of Isolated Fungal species in Lafun Samples from                                 

different AEZs with Incidence Rate in Parenthesis    64  

4.2 Incidence and Level of Aflatoxins (µg/g) in lafun Samples from                                   

the Agro-Ecological zones in Nigeria      65 

4.3 Risk assessment, estimated annual burden of Hepato-Cellular Carcinoma  

 (HCC) cases and risk of HCC/year attributable to aflatoxin exposure  

 from Lafun consumers in Hepatitis B virus positive (HBsAg+) and                                

Hepatitis B virus negative (HBsAg-) Populations in the Agro-Ecological  

 zones in Nigeria.        66 

4.4 Risk assessment of aflatoxin exposure in Nigerian Cassava Flour (Lafun) 67 

 

  



xii 
 

LIST OF FIGURES 

Figures                     Page 

2.1  Chemical structure of aflatoxin.             10 

2.2 Principal metabolism of aflatoxin B1 leading to reactive                                       

metabolites and biomarkers.            15 

2.3  Inhibition of oxidative phosphorylation by aflatoxins   18 

2.4  Sites of inhibition of the electron transport chain by aflatoxins  19 

2.5 Aflatoxin disease pathways in Hepatocellular Carcinoma (HCC)  23 

2.6  Schematic diagram of components of High-Performance Liquid  

 Chromatography        32 

2.7a  Cassava plant with the roots       35 

2.7b Cassava tubers and High-Quality Cassava Flour (HQCF)   35 

2.8  Cassava flour preparation       47 

3.1  Agro-Ecological Zones in Nigeria in relation to average rainfall  50 

4.1   Percentage occurrence of fungal isolates of Cassava                                                     

flour (Lafun) from the Agro-ecological zones of Nigeria   60 

4.2   Mean Fungal Counts of Cassava flour (Lafun) from the                                              

Agro-Ecological zones of Nigeria      61 

4.3 Mean Concentration of AF B1, B2, G1 & G2 in Cassava                                                 

flour (Lafun) from the Agro-ecological zones of Nigeria   63 

  



xiii 
 

LIST OF APPENDIX 

Appendix                     Page 

HPLC Chromatographs         92 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xiv 
 

LIST OF ABBREVIATIONS 

FB:  Detected Fumonisins 

HPLC:  High Performance Liquid Chromatography  

WHO:  World Health Organization  

AF-alb: Aflatoxin-Albumin Adduct 

ND:  Non-Detectable 

AFAR:  Aflatoxin Aldehyde Reductase  

DNA:  Deoxyribonucleic Acid  

RNA:  Ribonucleic Acid 

IARC:  International Agency for Research on Cancer  

ABPA:  Allergic Bronchopulmonary Aspergillosis  

CPA:  Chronic Pulmonary Aspergillosis  

HCC:  Hepatocellular Carcinoma  

GC:  Gas Chromatography 

RIA:  Radioimmunoassay (RIA) 

ELISA: Enzyme-Linked Immunosorbent Assay  

TLC:  Thin-Layer Chromatography 

FLD:  Fluorescent Detector  

UV:  Ultraviolet  

DAD:  Diode Array Detector  



xv 
 

FAO:  Food and Agriculture Organization  

PDA:  Potato Dextrose Agar 

LOD:  Limit of Detection  

LOQ:  Limit of Quantification  

EDI:  Estimated Daily Intake  

TDI:  Tolerable Daily Intake  

AEZs:  Agro-Ecological Zones  

CFU:  Colony Forming Units  

 



1 
 

CHAPTER ONE 

1.0           INTRODUCTION 

1.1 Background to the Study 

Cassava (Manihot esculenta) is a prominent root crop in the tropics, and its starchy roots 

provide calories to about 500 million people globally. In Nigeria, it is the most significant 

root crop in terms of food security, job development, and revenue generating for crop-

producing households. It provides around 70% of the daily calories for over 50 million 

Nigerians (FAO, 2018).  

Cultivation of cassava (Manihot esculenta) is becoming a global industrial and economic 

trend due to its flexible nature to grow under a wide range of soil and climatic conditions 

(Mtunguja et al., 2019) and allows for its use in several industries (Li et al., 2017). 

Cassava also has a competitive price when compared to many other food crop 

commodities, and its economic worth may be increased by developing and processing 

value-added products (Alene et al., 2018).With around 45 million metric tonnes, Nigeria 

is the world's largest cassava grower, and its cassava transformation is the most advanced 

in Africa (FAOSTAT, 2019). The natural high moisture content of fresh cassava roots 

increases microbiological degradation and unfavorable biochemical changes in the 

products, resulting in significant post-harvest deterioration. Processing is used to increase 

the shelf life, make transportation easier, and, most critically, detoxify the roots by 

eliminating the naturally occurring cyanogens (Nyirenda et al., 2021). As a result, cassava 

root is processed in Nigeria into garri, tapioca, lafun, fufu, and starch, among other 

products, with varying physical qualities due to differences in processing methods.  

Cassava flour known as lafun in Yoruba, Akpu Nkpo in Igbo and Alubon Rogo in Hausa 

is a dry smooth granular product of cassava which is a staple food consumed daily in 

Nigeria. The production of lafun may or may not involve peeling of the cassava roots 
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before washing, fermenting in water (either in a flowing stream or stationary water) for 

softening, bagging/dewatering, drying, and milling (Ogunnike et al., 2015).  

Tropical climate of some geographical areas of cassava production may contribute to 

fungal development of many species and subsequent toxinogenesis on such raw material 

(Bankole and Adebanjo, 2018). Moreover, the processing conditions and storage premises 

are not always well adapted to protect cassava products from secondary contamination 

and/or fungal development. 

Mycotoxins may develop in almost any food or feedstuff during the growing season, at 

harvest time, or during processing or storage, depending on the environment and method 

of handling. Ingestion of high concentrations of mycotoxins can cause sickness or death 

in humans and animals. There are three major genera of fungi that produce mycotoxins: 

Aspergillus, Fusarium, and Penicillium spp 

Evidence of contamination of cassava products with pathogenic fungi has been 

documented in several studies (Nweke, 2015) suggesting possible occurrence of their 

secondary metabolites (mycotoxins) in the products. Ediage et al. (2014) and Makun et 

al. (2013) also reported the occurrence of toxigenic fungi and mycotoxins especially those 

belonging to Aspergillus species in some common cassava products. A study by Nyaka 

et al. (2015)  revealed the occurrence of other toxigenic fungi such as the Fusarium spp. 

as a causative agent of cassava root rot disease in Cameron, and this corroborates with 

the study of Manjula et al. (2009), who detected fumonisins (FB) in cassava products in 

Tanzania. This study therefore seeks to not only detect the presence of fungi and 

mycotoxin in cassava flour but also determine the health risk associated with the 

consumption of the staple in Nigeria. 
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1.2 Statement of the Research Problem 

Microbial mycotoxins are frequently studied in food and feedstuffs across the world, and 

maximum limits are imposed to protect consumer safety (Juan et al., 2017). The toxic 

effects due to human and animal mycotoxins exposure have been in the limelight since 

the last decade (Zain, 2011). Mycotoxins have been reported to cause health effects 

ranging from acute to chronic disorders such as carcinogenic, estrogenic, and 

immunosuppressive effects. Few studies have been conducted on the contamination of 

cassava products with regulated mycotoxins when compared with the number of studies 

of toxin contamination of cereals, peanuts, dairy products, wheat, and dried chilies 

(Sulyok et al., 2015). On the other hand, a larger range of data has been published on the 

occurrence in cereals and cereal products of emerging mycotoxins, such as enniatins, 

beauvericin, moniliformin, fusaproliferin, fusaric acid, culmorin, butenolide, 

sterigmatocystin, emodin, mycophenolic acid, alternariol, alternariol monomethyl ether, 

and tenuazonic acid (Gruber-Dorninger et al., 2016). The lack of reliable data may have 

contributed to Africa's major cassava-producing countries, including Nigeria, the world's 

largest producer and consumer of cassava products, being unable to establish regulatory 

limits for mycotoxins in cassava products calculated based on per capita consumption of 

the cassava products, as well as the prevalence and concentrations of the various 

mycotoxins in the products. 

 

1.3 Justification for the Study 

Researchers have attempted to examine cassava product contamination with moulds and 

mycotoxins, given the importance of cassava crop in poor nations and the potential for 

fungal toxin generation. Thus, varieties of potentially mycotoxigenic fungi have been 

identified from cassava products, and cassava contamination with mycotoxins has been 

described. However the potential hygienic danger of such contamination has not been 
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adequately investigated (Westby, 2012). Knowledge of the levels of contaminants in food 

products is needed to assist food regulatory agencies in estimating possible exposure of 

consumers to such contaminants, health implications of consumption of the contaminated 

food and in setting maximum allowable levels for food control purposes. It should be 

noted that aflatoxins are genotoxic carcinogens. Therefore, the maximum limits for total 

aflatoxin content in a food or feed product (the sum of aflatoxins B1 and G1) is controlled 

or regulated, depending on the form in which the product is consumed or further 

processed before consumption. As a result, the goal of this study is to assess the presence 

of fungi and major mycotoxins in cassava flour consumed in selected agroecological 

zones of Nigeria, using a versatile and precise mycotoxin quantitation methodology based 

on the well-established principle of High Performance Liquid Chromatography (HPLC) 

(Sulyok et al., 2015).  

1.4. Aim and Objectives of the Study 

1.4.1. Aim of the research  

The aim of the study is to determine the level, types, and risk of consumption of cassava 

flour contaminated with fungi and mycotoxins in some selected agro-ecological zones of 

Nigeria.  

1.4.2 The objectives of the research are to; 

1.  isolate and identify fungi species in cassava flour using their morphological 

characteristics. 

2.  analyse the level of mycotoxins in Cassava flour samples using High Performance 

Liquid Chromatography  

3.  estimate human exposure and determine the risk of consumption of Cassava flour 

from the study area. 
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CHAPTER TWO 

2.0                  LITERATURE REVIEW 

2.1 Mycotoxins in Food 

According to the FAO (2018), approximately 25% of the world's agricultural products are 

contaminated with mycotoxins, and this contamination may be caused by saprophytic 

fungi before harvest of these crops while they are still in the field, during harvest, and 

even after harvest during storage of these products by endophytic fungi (Streit et al., 

2017). This suggests that mycotoxins are found everywhere, including stored food and 

ill-kept food; when food is not adequately maintained, fungal growth can occur, leading 

to the creation of mycotoxins. Furthermore, mycotoxins can occur naturally, making it 

simpler for them to survive in human surroundings and become dangerous. Humans can 

be exposed to mycotoxin through the consumption of contaminated plant-derived foods, 

from the carry-over of mycotoxins and their metabolites to animal products such as meat 

and eggs, or from exposure to air and dust contaminated with toxins (Niculita-Hirzel et 

al., 2016).  

Exposure to these toxins is more likely to predominate in parts of the world where there 

are poor methods for the pest infestation control of crops, transportation facilities, and 

storage facilities; however, it can also be rampant in societies with a high level of poverty, 

where people consume only the available and not the preferable. Constant exposure to 

mycotoxins is also frequent in areas where there are no rules or laws protecting the 

population's food consumption. In developed countries, particularly in areas where 

improper food handling is frequent, there is a danger of mycotoxin exposure, putting the 

population vulnerable to mycotoxin-induced diseases. However, because mycotoxins are 

naturally occurring pollutants, their presence in food may be inevitable (Francis et al., 

2020). 



6 
 

2.1.1 Types of mycotoxins 

2.1.1.1 Ochratoxins  

Ochratoxins, produced by Penicillium, Fusarium, and Aspergillus species, are found 

naturally in various plant products such as cereals, coffee, beans, pulses, and dried fruits 

(Xianjiang et al., 2021). It has been found in rice and maize samples obtained from west 

Africa, specifically Nigeria. Ochratoxin causes nephropathy in humans; it is also 

suspected to be the cause of Tunisian nephropathy and human Balkan endemic 

nephropathy (BEN) (Lulamba, 2016). This mycotoxin is known for its teratogenic action; 

it can harm the fetus in the pregnancy due to its capacity to cross the placenta and induce 

central nervous system abnormalities and brain damage. (Laura et al., 2012). Darwish et 

al. (2014) reported that ochratoxin toxicity was widespread in Africa.  

2.1.1.2 Fumonisins 

Fusarium species that generate these include Fusarium verticillioides and Fusarium 

proliferatum. F. verticillioides, a significant economic species, grows as a corn endophyte 

in both vegetative and reproductive tissues, frequently without causing disease symptoms 

in the plant. It can be found in almost all corn samples. It has been discovered in Nigerian 

and South African maize and corn sample. (Rheeder et al., 2016). However, dependent 

on the weather conditions, insect damage, and the fungal and plant genotype, they can 

cause seedling blight, stalk rot, and ear rot. Fumonisin has been linked to cancer of the 

esophagus in humans, although it affects animals in different ways: it has been known to 

be the cause of various illnesses, such as leukoencephalomalacia in equines and rabbits 

(Giannitti et al., 2019). 

2.1.1.3. Zearalenone  

Zearalenone is a secondary metabolite from Fusarium graminearum. It was found to be 

present in addition to other mycotoxins in samples of rice, maize, and peanuts obtained 
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from Cote d’Ivoire and Africa. Zearalenone is biosynthesized through a polyketide 

pathway by F. graminearum, Fusarium culmorum, and Fusarium equiseti (Sangare-

Tigori et al., 2016). These species are well-known cereal crop contaminants all over the 

world. Small amounts of zearalenone have been shown to alter animal health, creating 

major health risks and producing disorders such as hyperestrogenic syndrome in pigs. 

When zearalenone is present in high concentrations, it can interrupt fertilization, cause 

abortion, and create other issues (Misihairabgwi et al., 2019).  

2.1.1.4 Trichothecenes  

These are produced by several fungal genera, which include Fusarium, Trichoderma, 

Myrothecium, Trichothecium, Verticimonosporium, Stachybotrys, and Cephalosporium. 

Trichothecenes have been reported in Middle East Africa, where they were found to be 

present in feed and feed ingredients. They are a large group of mycotoxins that consist of 

more than 180 structurally related sesquiterpenoid mycotoxins produced from essential 

raw materials used in animal food and feeds such as maize, wheat, and oats. They are 

known to be strong inhibitors of protein synthesis that can be absorbed into the body 

through the skin to inhibit protein synthesis in the body, harming the health of its host. 

Trichothecenes, such as other mycotoxins, are resistant to heat (Rodrigues et al., 2011).  

2.1.1.5 Patulin  

Patulin is commonly found in rotting apples, but it has also been identified in vegetables 

and other types of fruit, and it has been detected in South African apples and apple 

products. It is created especially by Penicillium and Aspergillus and is persistent even at 

high temperatures; hence, thermal denaturation cannot eradicate it. Fermentation, on the 

other hand, may impair its stability. (Ismaiel and Papenbrock, 2015). In 1998, Llewellyn 

et al. (1998) reported that it can be destroyed by antioxidant and antimicrobial agents.  
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2.2 Aflatoxins 

These are extremely toxic secondary metabolites of certain Aspergillus molds, which have 

been classified by the WHO as genotoxic and carcinogenic (FAO, 2018). Even at extremely 

low concentrations, aflatoxins are carcinogenic, hepatotoxic, teratogenic, and mutagenic 

when swallowed, breathed, or absorbed via the skin. (Wen et al., 2014). They were shown 

to be the cause of Turkey X disease, i.e. hepatic necrosis, in 1960 (José et al., 2018; Mateo 

et al., 2017). Aflatoxins were also the cause of aflatoxicosis that occurred in 1981, 2001, 

2004, and 2005 in Kenya (Africa). According to Makun et al. (2011), AFB1 is the most 

potent mycotoxin and is known to be hepatotoxic and hepatocarcinogenic. 

Among more than few hundred known mycotoxins, aflatoxins represent the main threat 

worldwide. Aflatoxins are group of mycotoxins produced mainly by A. flavus, A. 

parasiticus and A. nomius. The word ‘aflatoxin’ came from ‘Aspergillus flavus toxin’, 

because A. flavus and A. parasiticus are the predominant producers of aflatoxins (Yu et 

al., 2019). Aflatoxins are a class of naturally occurring carcinogens that have been found 

in a variety of human and animal foods. Aflatoxins are deadly byproducts of the soil-

borne fungus Aspergillus, which is responsible for plant material degradation. (Bowman 

et al., 2012). 

Aflatoxins are a group of approximately 20 related fungal metabolites which belongs to 

a group of difuranocoumarins that are classified into two broad groups according to their 

chemical structure and they include the difurocoumarocyclopentenone series (AFB1, 

AFB2, AFB2A, AFM1, AFM2, AFM2A and aflatoxicol) and the difurocoumarolactone 

series (AFG1, AFG2, AFG2A, AFGM1, AFGM2, AFGM2A and AFB3) (Misihairabgwi 

et al., 2019), The four major naturally known aflatoxins produced by the Aspergillus 

species of mold include AFB1, AFB2, AFG1 and AFG2 where the “B” and “G” refer to 

the blue and green fluorescent colors produced under UV light on thin layer 
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chromatography plates, while the subscript numbers 1 and 2 indicate major and minor 

compounds, respectively. Whereas the B designation of aflatoxins B1 and B2 result from 

the exhibition of blue fluorescence under UV-light, while the G designation refers to the 

yellow-green fluorescence of the relevant structures under UV-light (Sarma et al., 2017). 

The metabolic products of aflatoxins, M1 and M2 were first isolated from milk of 

lactating animals fed on Moldy grains contaminated with aflatoxin hence, the M 

designation. These toxins have closely similar structures (Figure 2.1) and form a unique 

group of highly oxygenated, naturally occurring heterocyclic compounds. Aflatoxins B2 

and G2 were established as the dihydroxy derivatives of B1 and G1, respectively. 

Whereas, aflatoxin M1 is 4-hydroxy aflatoxin B1 and aflatoxin M2 is 4-dihydroxy 

aflatoxin B2. Of the four major aflatoxins (B1, B2, G1 and G2), G2 occurs in high 

quantities though less toxic while AFB1 is the most toxic of all the aflatoxin (Bennett and 

Klich, 2018).  

The World Health Organization (WHO) classifies AFB1 as a class 1 carcinogen. The 

aflatoxins display potency of toxicity, carcinogenicity, mutagenicity in the order of 

AFB1> AFG1> AFB2> AFG2 (Sarma et al., 2017). Aflatoxin B1 is the most harmful 

aflatoxin to humans and animals as it is carcinogenic due to its association with 

hepatocellular carcinoma which leads to liver cancer (Qureshi et al. 2015). Aflatoxins 

suppress the immune systems of humans and animals by interfering with the fickleness 

of those cells which are responsible to boost immunity. Large doses of aflatoxins lead to 

direct death and damage, while small longstanding doses lead to immunologic or 

nutritional effects, but both types of doses lead to liver cancer due to the accumulation of 

aflatoxin (Marroquín-Cardona et al. 2014). Children are more prone to the toxicity of 

Aflatoxin as it increases the risk of early infections by reduced immunization. The 

carcinogenic nature of aflatoxin is due to its ability to damage DNA either by lipid 
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peroxidation or by oxidation (Zhang et al., 2015). The extent of toxicity depends on the 

organ affected especially the liver. The lethal toxicity of aflatoxin B1 varies in different 

animals from extremely susceptible (Sheep, Rat, Dog) to resistant species (Monkey, 

Chicken, Mouse). However, there is no harm in humans, despite epidemiological data 

from studies in Africa, South Africa, South East Asia, and India implicating aflatoxins in 

the occurrence of liver cancer, particularly hepatobiliary carcinoma, and child mortality 

owing to malnutrition, kwashiorkor, and marasmus. (Thomas, 2018). Aflatoxins have 

been associated with various diseases like aflatoxicosis and other health problems in 

humans, livestock and domestic animals globally.  

Fig. 2.1. Chemical Structure of Aflatoxin. (A) Aflatoxin B1, (B) Aflatoxin B2, (C) 

Aflatoxin M1, (D) Aflatoxin M2, (E) Aflatoxin G1, (F) Aflatoxin G2. (Sarma et al., 

2017) 

 

 



11 
 

2.2.1 Global aflatoxin exposure 

Globally, aflatoxins contaminate about 25% of the worlds food supply (EAC Policy, 

2018). An estimated 4.5 billion of the world’s population is exposed to aflatoxins which 

accounted for one-sixth of the global deaths annually as Africa recorded more than half-

billion cases (CDC, 2017). Increased exposure to aflatoxins is generally associated with 

acute or chronic toxicities depending on the amount and length of exposure, and often 

death in humans, other mammals, birds, and fishes. Being highly lipophilic, the primary 

target organ of aflatoxins is the liver which may spread to other organs like kidneys, lungs, 

heart, and brain (Gurav and Medhe, 2018). The cases are more likely to occur in African 

countries due to hot and humid climatic conditions coupled with poor storage practices 

(eg. Use of stores with leaky roofs and /or with poor ventilation) which promote the 

proliferation of aflatoxigenic fungi (Gong et al., 2016). This lead to the serious 

contamination of foods and feeds accordingly. Globally, Africa has the greatest rate of 

liver cancer (40% of the estimated 25,200- 155,000 cases per year) due to aflatoxins 

contamination. (Liu and Wu, 2019).  

The aflatoxin-albumin adduct (AF-alb) biomarker has been used in a number of 

epidemiological studies to measure exposure and its associated health effects in many 

different populations groups. High risk populations are specifically those from rural 

subsistence farming communities in developing countries. In high-risk regions, AF-alb 

concentrations have previously been reported over a 2–3 log range from below the limit 

of detection (LOD) of 3 pg/mg to >1000 pg/mg (Turner et al., 2021). East and West Africa 

have the ideal climate of hot and humid conditions for Aspergillus growth and subsequent 

aflatoxin production, and intake of susceptible crops such as maize or groundnuts as staple 

foods is high. Reflecting this, it has previously been reported that over 95% of blood 
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samples collected from different parts of West Africa, across different age groups, had 

detectable concentrations of AF-alb (Felicia et al., 2014).  

More recently, the AF-alb biomarker has revealed high aflatoxin exposure in East African 

countries including Kenya where AF-alb was detected in 78% of 597 serum samples (non-

detectable (ND) − 211 pg/mg); in Uganda (Asiki et al., 2014), where AF-alb was detected 

in 192/196 (98%) samples (range ND to 237.7 pg/mg) collected from adults and children; 

and in Tanzania (Shirima et al., 2018), where AF-alb was detected in 67% to 99% of 

samples collected from young children. The incidence of aflatoxin exposure is lower in 

North and South Africa, where the environment is dryer, than in East and West Africa. 

(Stephenie et al., 2021). Turner et al. (2021) found AF-alb in 31/46 (67%) samples from 

Egypt (range ND–32.8 pg/mg). Piekkola et al. (2017) found AF-alb concentrations in 

34/98 (35.6%) serum samples from pregnant Egyptian women in their third trimester, and 

Stephenie et al. (2021) found no trace of AFM1 in urine samples collected from South 

African women. 

Parts of Asia also have high prevalence of aflatoxin exposure (Felicia et al., 2014); e.g., 

in Malaysia, where 97% of 170 samples had detectable AFB1-lysine adduct levels 

(detected by HPLC-fluorescence), ranging between 0.20 to 23.26 pg/mg (Leong et al., 

2022). Furthermore, a study examining aflatoxin exposure in pregnant women in South 

Asia using isotope dilution mass spectrometry to measure AFB1-lysine (Groopman et al., 

2014), found detectable levels of the biomarker in 94% of blood samples collected from 

Nepalese pregnant women, with levels ranging between 0.45 to 2939.30 pg/mg. In the 

same study, AFB1-lysine was detected in 63/63 (100%) samples collected from pregnant 

women in their first and third trimester from Bangladesh, as well as in 63/63 (100%) cord 

blood samples and in 63/63 (100%) infants who were born to the mothers exposed to 

aflatoxin during pregnancy. Rice is a nutritional mainstay in Nepal and Bangladesh; 
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nonetheless, aflatoxin contamination in rice is uncommon. (Roy et al., 2013). Other food 

commodities regularly consumed in Bangladesh such as betelnut, lentils and red chilli 

powder, however, have been shown to have high levels of aflatoxin. Maize is also a 

dietary staple in Nepal, and research has shown high levels of aflatoxin contamination 

present in maize commodities from Nepal (Karki and Sinha, 2019).  

Aflatoxin exposure is not a major issue for developed regions, as there are strictly 

enforced regulatory limits in place and the diet is more diverse. AF-alb is rarely detected 

in blood samples from populations in these regions (Schleicher et al., 2018). For instance, 

in a subset of individuals (n = 2051) that participated in the 1999–2000 National Health 

and Nutrition Examination Survey (NHANES), which is a representative cross-sectional 

survey of the US population, only 1% had detectable levels (≥0.02 μg/L) of AFB1-lysine 

in their blood (Schleicher et al., 2018).  

2.2.2 Occurrence of aflatoxins in food and crops 

Aflatoxin levels in foods and food products fluctuate depending on geographic region, 

agricultural and agronomic activities. Food products are susceptible to fungal assault 

during pre-harvest, transit, storage, and processing (Sarma et al., 2017). Aflatoxin 

contamination of food items is a prevalent concern in tropical and subtropical parts of the 

world, particularly in developing nations with inadequate practices and where the climatic 

circumstances of warm temperatures and humidity encourage the growth of fungus 

(Sarma et al., 2017). The aflatoxins were initially isolated and identified as the causative 

agent in Turkey X disease that caused necrosis of the liver in 1960 and over 100,000 

turkeys died in England and USA and the death was attributed to the consumption of a 

mould-contaminated peanut meal. Aflatoxin concentrations are commonly found in 

nutritious seeds such as maize, nuts, and cereal crops in Africa, and rice in China and 

Southeast Asia (Kitya et al., 2010).  
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Aflatoxin poisoning in crops is a global concern that jeopardizes food and feed safety 

while also affecting the agricultural economy and crop-dependent small-scale companies. 

Fungi can infect crops throughout the harvesting, storage, and shipping processes, 

resulting in the creation of numerous mycotoxins. Aflatoxin B1 and B2 are produced by 

A. flavus, while Aflatoxin G1 and G2 are synthesized by A. parasiticus and largely 

contaminate a wide range of food commodities including cereals (maize, sorghum, pearl 

millet, rice, and wheat), oilseeds (peanut, soybean, sunflower, and cotton), spices (chilies, 

black pepper, turmeric, coriander, and ginger), nuts (almond, Brazil nut, pistachio, 

walnut, and coconut), yam and various milk products (Rajarajan et al., 2013). The injuries 

caused by insects and nematode also paved the way for the entry of these fungi 

(Jeyaramraja et al. 2018). Fungus penetration into crops not only affects crop plant self-

defense against fungal attack, but also contaminates crop seeds, resulting in aflatoxin 

formation. Fungal infections have an impact on crop growth and production, as well as 

market value. 

2.2.3 Metabolism and toxicity of aflatoxins 

2.2.3.1 Aflatoxins and their metabolism 

The biotransformation of aflatoxin B1, the most prevalent type, has been studied in order 

to better understand the metabolism of aflatoxins (Vondracek et al., 2021). Aflatoxin B1 

metabolism takes place in the microsome of the liver and is mediated by mixed function 

monooxygenases belonging to the cytochrome P450 super family of enzymes 

(Guengerich et al., 2018) (Figure 2.2). In humans, cytochrome P450 enzymes, CYP1A2 

and CYP3A4, catabolize aflatoxin B1 through two separate electron transfer oxidation 

reactions. While CYP1A2 breaks down aflatoxin B1 to exoepoxide, endoepoxide, and 

aflatoxin M1, CYP3A4 breaks down aflatoxin B1 to aflatoxin B1-exo- 8,9-epoxide and 

aflatoxin Q1. AflatoxinsM1 and Q1 are not broken any further but are excreted in the 
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urine. Aflatoxin B1-exo-8,9-epoxide may be converted either to aflatoxinmercapturic 

acid via the glutathione S-transferase- (GST-) conjugate mediated route or into aflatoxin-

glucuronide via the aflatoxin-dihydrodiol route described as follows. The activated form 

of aflatoxin B1 (exoepoxides and endoepoxides) is detoxified through GST- mediated 

conjugation by using reduced glutathione (GSH) to form AFB1 exoepoxide- GSH and 

endoepoxide- GSH conjugates, respectively (Johnson et al., 2017). The reactive 

exoepoxides and endoepoxides also undergo rapid nonenzymatic hydrolysis to aflatoxin 

B1-8,9-dihydrodiol that slowly transforms into a dialdehyde phenolate ion. Dialdehyde 

phenolate ion is subsequently hydrolyzed by aflatoxin aldehyde reductase (AFAR) to a 

dialcohol, in the NADPH-dependent reduction reaction. Thereafter, dialcohol is excreted 

in urine as aflatoxin-glucuronide. Aflatoxin B1 dialdehydes also form Schiff bases with 

primary amine groups of amino acid residues such as lysine of such a protein as albumin 

to form aflatoxin B1-albumin conjugate (Wild and Turner, 2017). Because this conjugate 

stays in the systemic circulation as permanent and irreversible aflatoxin B1-albumin 

adducts, it is thought to be one of the causes contributing to the poor elimination of 

aflatoxins and their metabolites in urine (Wild and Turner, 2017). 
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Fig 2.2: Principal metabolism of aflatoxin B1 leading to reactive metabolites and 

biomarkers. 1A2: CYP1A2; 3A4: CYP3A4; 3A5: CYP3A5; GST: glutathione S-

transferase; AFAR: aflatoxin aldehyde reductase; aflatoxin-S-G, aflatoxin-glutathione 

conjugate (Wild and Turner, 2017). 

2.2.3.2 Toxicity of aflatoxins 

From the foregoing (Figure 2.1), it can be observed that the primary derivatives of 

aflatoxin B1 biotransformation comprise (a) aflatoxin M1 and aflatoxin-exo-8,9-epoxide 

(products of CYP1A2 activity) and (b) aflatoxin Q1 and aflatoxin-exo-8,9-epoxide 

(products of CYP3A4 activity). Aflatoxins M1 and Q1, although toxic, are less reactive 

with other molecules and are easily eliminated from the body in the urine (Wild and 

Turner, 2017). However, aflatoxin B1- 8,9-exo-epoxide is a known mutagen, which is 

extremely electrophilic and covalently reacts with nucleophilic sites of either 

deoxyribonucleic acid (DNA) or ribonucleic acid (RNA) or proteins, thereby introducing 
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mutations that may affect the normal function of cells. The formation of aflatoxin B1-

DNA adducts is extremely associated with the carcinogenicity of aflatoxin B1. Typically, 

aflatoxin B1 reacts with DNA (methylation) resulting in G→T transversion mutation 

(Levy et al., 2012). Such a mutation has been associated with hepatocellular carcinoma, 

a type of cancer whereby aflatoxin B1 promotes AGG→AGT (Arg→Ser) transversion 

point mutation of p53 gene at codon 249 that alters p53 gene, which is responsible for 

DNA repair. Apart from G→ T transversions, G→C transversions and G→A transitions 

have also been reported (Levy et al., 2012).  

Nucleic acids and proteins interact covalently with aflatoxins and this results in alteration 

in base sequences in nucleic acids (both DNA and RNA) and in protein structures, leading 

to impairment of their activity. The highly reactive aflatoxin B1-8,9-exo-epoxide and its 

hydration product, dihydrodiol, bind covalently to DNA, RNA, and proteins to inhibit 

protein synthesis. Typically, RNA polymerase and ribosomal translocase have been 

demonstrated to be inhibited by aflatoxin B1-8,9-exo-epoxide. While the epoxide 

combines with the N7 position of guanine in both DNA and RNA, the dihydrodiol reacts 

with the bases' amino groups to generate a Schiff base (Bbosa et al., 2013). Aflatoxin B1 

has also been reported to negatively impact carbohydrate metabolism, which results in 

both the reduction in hepatic glycogen and also the increased blood glucose levels (Figure 

2.3). 



18 
 

Fig 2.3: Inhibition of Oxidative Phosphorylation by Aflatoxins (Jimoh and Kolapo, 

2018). 
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 Notably, the detrimental effects of aflatoxin B1 on glucose metabolism appear to be due 

to its inhibitory effects on glycogen synthetase and transglycosylase enzymes, which 

results in a stop in glycogen synthesis (Bbosa et al., 2013). Besides, aflatoxin B1 also 

inhibits phosphoglucomutase, an enzyme that reversibly catalyzes the conversion of 

glucose-6-phosphate into glucose- 1-phosphate, leading to a decrease in its activity, 

thereby promoting both the accumulation of glucose 6-phosphate and a decrease in 

glycogen synthesis. As a result, excess glucose cannot be stored as glycogen and instead 

accumulates in the circulation or is converted to glucose-6-phosphate for the creation of 

additional metabolic intermediates via the pentose phosphate pathway. Aflatoxin B1, G1, 

and M1 also impair the electron transport system in the mitochondria, especially 

cytochrome oxidase function (Figure 2.4) (Wild and Turner, 2017). 

 

Fig 2.4: Sites of inhibition of the electron transport chain by aflatoxins (Wild and Turner, 

2017). 

 

Apart from inhibiting the electron transport chain, aflatoxins are also carcinogenic. As a 

result, the World Health Organization's International Agency for Research on Cancer 

(IARC) in 1993 classified aflatoxin B1 as Group 1 carcinogen (Zhang et al., 2015). Since 
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then, aflatoxins concentration has become one of the most critical indicators of food and 

feed toxicity.  

2.2.4 Impacts of aflatoxin contamination on agriculture and food security, 

 trade, and health 

2.2.4.1 Agriculture and food security  

Aflatoxin contamination of major staples can have an impact on agricultural sector 

production in general, as well as each of the four pillars of food security (availability, 

access, usage, and stability). Contamination in staples including maize, sorghum, 

groundnuts, and cassava can affect food supply directly. Producers of the afflicted crop 

may also earn less as a result of product rejection, decreased market value, or inability to 

access higher-value foreign commerce and the formal market. Lower farmer income in 

turn limits ability to purchase food for the family, which translates into reduced access to 

food (Jimoh and Kolapo, 2018). Contamination reduces use options for the affected 

produce through complete rejection or need to put it to other safe uses, given the 

relationship between aflatoxin and negative human health impacts, including documented 

links to liver cancer, synergistic effects with Hepatitis B, and probable associations with 

stunting and immunosuppression, tainted food poses an obvious food security danger 

(Dragan et al., 2010).  

2.2.4.2 Trade 

Many nations have put in place laws to limit aflatoxin exposure, which is usually 

represented in parts per billion (ppb). Some nations have differing limitations based on 

the intended purpose, with the most stringent governing human consumption and exports 

and the most stringent governing industrial goods. These laws may result in lost trade 

income due to increasing costs of meeting requirements, such as testing costs, cargo 
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rejection, and even ultimate loss of admissibility into foreign markets (Khlangwiset, 

2021). The direct economic impact of aflatoxin contamination in crops is mostly due to a 

decrease in marketable volume, a loss in value in national markets, product 

inadmissibility or rejection by the international market, and losses incurred from animal 

sickness, morbidity, and death (Jimoh and Kolapo, 2018). Specifically, in the 

international market, products that do not meet the aflatoxin standards are either rejected 

at the border, rejected in channels of distribution, assigned a reduced price, or diverted to 

nonhuman or even non-fee uses. Similar economic losses may occur in domestic markets 

if consumer awareness about the problem rises, if leaders in marketing channels begin to 

pay more attention, and/or if regulations are either tightened or more strictly enforced 

(Jimoh and Kolapo, 2018). 

Premiums for aflatoxin-free goods may be achieved for a short time under any of these 

conditions. In the long term, the premium will diminish when compliance becomes a 

prerequisite for being approved as a supplier. While it may appear that stricter 

phytosanitary standards imply more costs than benefits, in fact, once suppliers internalize 

and bear the economic costs of noncompliance, greater economic benefits for society will 

emerge in a variety of forms, including larger and more stable markets and a lower disease 

burden (Dragan et al., 2010). 

2.2.4.3 Human and animal health 

Aflatoxins are considered not only hazardous for humans but also animals. They can 

cause different acute and chronic illnesses, which includes; 

I. Aspergillosis 

Aspergillosis is a lung infection caused by Aspergillus species in immunocompromised 

individuals. It is caused by twenty different species of Aspergillus, but A. fumigatus and 
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A. flavus are the main agents of aspergillosis in both humans and animals. Worldwide, 

most cases of aspergillosis infection in humans are caused due to excessive inhalation of 

Aspergillus spores, while the second main cause of infection is the transmission of spores 

through infected wounds, as well as through the smoking of contaminated tobacco or 

marijuana plants. Different animals such as rabbits, chickens, turkeys, and geese are also 

infected by aspergillosis. In addition, A. flavus also causes stone brood disease in 

honeybees. Clinically, aspergillosis has different forms, which include extrinsic asthma, 

allergic bronchopulmonary aspergillosis, extrinsic allergic alveolitis, saprophytic 

pulmonary, and extra-pulmonary colonizing, as well invasive pulmonary and 

extrapulmonary aspergillosis (Amare and Keller, 2014). Allergic bronchopulmonary 

aspergillosis (ABPA) accumulates in 1–15% of the world’s population already infected 

with cystic fibrosis and also in 2.5% of asthma patients, which in total comprises 4.8 

million people globally. Out of the 4.8 million of the world’s population affected with 

ABPA, 400,000 people are also affected with chronic pulmonary aspergillosis (CPA). On 

the other hand, 1.2 million people with tuberculosis are also coinfected with chronic 

pulmonary aspergillosis (CPA) (Denning et al., 2013). Aspergillosis ranks in the list of 

the top four diseases that cause death in immunocompromised patients worldwide. 

Although A. flavus does not cause aspergillosis often, the rare cases of infection can be 

very severe. In North America, around 65% of aspergillosis in children is caused by A. 

flavus. Moreover, it is also the main causative agent of mycotic keratitis (Amare and 

Keller, 2014). 

II. Cancer 

Aflatoxins are reported as a Group 1 carcinogen and their long-term exposure may cause 

kidney, liver, lung, or colon cancer in both animals and humans. In Africa and Asia, the 

primary liver cancer known as hepatocellular carcinoma is related to aflatoxin B1, while 
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about 4.6–28.2% of hepatocellular carcinoma around the world is reported to be caused 

by aflatoxin consumption (Chandra, 2021). Moreover, aflatoxin B1, which is 

characterized as a Group 1 carcinogen, is found to be hazardous if a concentration of 20–

120g/kg is consumed per day for 1 to 3 weeks (WHO, 2018). However, the level of 

aflatoxin toxicity is strongly dependent on the host's immunity. Hepatocellular carcinoma 

(HCC) is the most common result of aflatoxin exposure, accounting for 75-85% of all 

instances of liver cancer globally. In addition, 1480 additional instances of liver cancer 

caused by aflatoxins were discovered in Tanzania in 2016 (Kimanya et al., 2021). 

III. Hepatocellular Carcinoma (HCC) 

In 2012, HCC was recognized as the sixth most common cancer worldwide, with 83% of 

cases occurring in less developed regions (Odintsoya et al., 2015). Asian and African 

countries have the greatest incidence rates. Aflatoxin, along with the hepatitis B and C 

viruses, has been identified as a key risk factor due to its mutagenic and carcinogenic 

qualities (HCV). In fact, it has been shown that aflatoxin and hepatitis B, which is also 

highly prevalent in Africa and South Asia, can synergistically interact, resulting in an 

increased risk of HCC (Bosetti et al., 2014) (Figure 2.5).  

Fig 2.5: Aflatoxin disease pathways in Hepatocellular Carcinoma (HCC) (Wu, 2019). 
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The P53 gene hotspot mutation at codon 249 was associated with aflatoxin exposure. Han 

et al. (2020) observed a seasonal variation in levels of the R249S mutation in circulating 

cell free DNA in the serum of subjects in Gambia that reflected seasonal variations in 

aflatoxin exposure and markers of HBV infection, suggesting an interaction between 

these risk factors for HCC. A meta-analysis performed by Liu et al. (2017) concluded that 

in areas of high aflatoxin exposure and chronic HBV infection, aflatoxin exposure and 

HBV have a nearly perfectly multiplicative relationship in increasing HCC risk. In 

another research, about 25% of the 600,000 new cases of HCC reported annually 

worldwide were estimated by Liu and Wu (2019) to be attributed to aflatoxin exposure. 

Igetei et al. (2018), in a case-control study, evaluated 79 Nigerian HCC patients using 

cell free DNA in plasma for p53 gene codon 249 G – T mutation. In his study, none of 

the control individuals had this mutation while six (7.6%) of the HCC cases turned out 

positive. In Nigeria, an estimated 7,761 out of 10,130 annual liver cancer cases are 

attributed to Aflatoxin contaminated maize and groundnuts (Adetunji et al., 2019). This 

has led to the loss of about 5,000 lives and $155 million (Olayinka, 2018). A similar work 

was done in India by Murugavel et al. (2017), directly demonstrated aflatoxin in the liver 

cells by employing immunohistochemical techniques. The group evaluated 31 liver 

biopsy cases of HCC for the presence of AFB1 using in-house immunoperoxidase test 

directly on the paraffin embedded tissue sections and found 18 (58.1%) to be positive. 

Thirteen of the biopsies were positive for HBV surface antigen and 6 (46.1%) were also 

positive for AFB (Murugavel et al., 2017). 

Aflatoxin has also been implicated in the aetiology of other liver diseases including 

cirrhosis and hepatomegaly (Gong et al., 2019). A study in Kenya by Gong et al. (2019) 

reported that the frequency of hepatomegaly, a severe form of liver enlargement, rose in 
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children exposed to more aflatoxin. This is consistent with the liver being the primary 

target organ for aflatoxin poisoning. 

IV. Aflatoxicosis 

Aflatoxicosis is the poisoning associated with the extensive consumption of Aspergillus 

species, mainly A. flavus in the form of spores or contaminated food that can cause 

chronic or acute aflatoxicosis in humans and animals. Acute aflatoxicosis includes high 

fever, vomiting, ascites, liver failure, edema of feet, and jaundice with a high mortality 

rate compared to chronic aflatoxicosis (Dhanasekaran et al., 2021). Accurate values of 

the aflatoxin concentration that causes aflatoxicosis have not been confirmed; however, 

with the help of a few studies, it is estimated that generally 1000 g/kg of aflatoxin 

concentration in food can cause aflatoxin toxicity in humans. In the case of animals, a 

tolerable amount is 50–300 _g/kg (Sirma et al., 2018). Major outbreaks of aflatoxicosis 

were reported in India and Kenya in 1974 and 1981, respectively. It is worth mentioning 

that 500 cases and 200 deaths have occurred due to aflatoxicosis worldwide since 2004 

(Kumar et al., 2017). 

Several instances of aflatoxicosis have been reported in Nigeria, although only a handful 

have been recorded (Francis et al., 2020). In the late 1900s, one of the most devastating 

outbreaks of acute aflatoxicosis occurred, with 40 children apparently dying at the 

Obafemi Awolowo Teaching Hospital complex in Ile-Ife, Nigeria. Aflatoxins were found 

in 81% (30 of the 40 children) of the children's brain tissues during autopsies (Oyelami 

et al., 2017). Among the 30 aflatoxin positive children, 15 have kwashiorkor which is a 

sign of chronic aflatoxicosis while the remaining showed other symptoms (Oyelami et 

al., 2017). Aflatoxins were also detected in the lung and kidney specimens of another set 

of 32 children during autopsy among which 18 suffered from kwashiorkor (Oyelami et 

al., 2017). It was concluded that kidney and cardiac failures were the major cause of death 
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among such children (Oyelami et al., 2017). Many other deaths due to acute aflatoxicosis 

have been occurring in various parts of Nigeria (Francis et al., 2020). Aflatoxins were 

found in various tissues and biological fluids such as semen, blood, and urine of liver 

cancer patients in Nigeria (Francis et al., 2020). According to a report from the National 

Hospital in Abuja, several post-mortem investigations on liver cancer have been 

connected to the impacts of aflatoxins (Francis et al., 2020). Furthermore, multiple cases 

of aflatoxicosis and other mycotoxicoses have been reported in Nigerian specialty 

hospitals, according to sources (Francis et al., 2020). 

The effect of chronic exposure to aflatoxins is aflatoxin-induced hepatocellular carcinoma 

(HCC) which is mostly associated with hepatitis B or C virus (Lizarraga-Paulin et al., 

2022). Generally, aflatoxin exposure is the second largest environmental risk factor for 

cancer development worldwide (McCullough and Lloyd, 2019). Another debilitating 

exposure effect to aflatoxins is their ability to devitalize the immune system through 

modulation of cytokines, cell-mediated immune suppression, T-cells, B- cells and natural 

killer cells activities suppression (Bammler et al., 2015). Many studies in Africa showed 

strong association between exposure to aflatoxins and a high risk of HCC, 

immunodeficiency, and development of infectious diseases, and as vaccine failure 

(Mupunga et al., 2017). In HIV-endemic areas, there is a substantial link between unsafe 

sex and the development of aflatoxicosis. This revealed that aflatoxins may have a role in 

AIDS-related immunosuppression and mortality, which might explain the increased 

occurrence of aflatoxicosis. In Nigeria, the HIV prevalence is 1.4%, accounting for 

around 1.9 million persons living with HIV and approximately 160, 000 AIDS-related 

deaths in 2016. (UNAIDS, 2017; 2019). These findings point to a probable link between 

aflatoxin exposure and AIDS. 
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Many studies have found a substantial link between aflatoxin exposure and childhood 

stunting. (Watson, 2018). Generally, aflatoxin exposure is more common in low-income 

families who cannot afford good quality food (Ahlberg et al., 2018). According to the 

2019 global child malnutrition estimate, about 149 million children under the age of five 

are stunted and the majority of which are found in Africa and Asia 

(UNICEF/WHO/World Bank Group, 2019). A study on exposure to aflatoxins among 

children with severe acute malnutrition was recently conducted in Nigeria (McMillan et 

al., 2018). The median concentration of AFB1- lysin adducts detected in the serum 

samples was 2.6 pg/mg albumin with values ranging from 0.2pg/mg to 59.2 pg/mg 

albumin (McMillan et al., 2018). Such AFB1-lysine was significantly higher in stunted 

children (4.6 pg/mg albumin) and children with severe acute malnutrition (4.3pg/mg) 

when compared to non-stunted (1.2 pg/mg albumin) and the controls (0.8 pg/mg). This 

AFB1-lysine was also found to be significantly higher in kwashiorkor children (median 

= 6.3 pg/mg albumin) compared to children with severe marasmus (median = 0.9 pg/mg). 

Several studies have established a strong link between aflatoxin exposure and 

kwashiorkor which is a severe form of protein-energy malnutrition (PEM), as well as 

increased morbidity in children. As observed by (McMillan et al., 2018), the highest level 

of the serum aflatoxin was found in children with kwashiorkor. Similarly, considerably 

greater amounts of aflatoxins were found in the autopsies of several Nigerian and South 

African kwashiorkor children's livers (Lamplugh et al., 2018).  

A cross-sectional study of aflatoxins in the food plates, serum and urine samples of 36 

kwashiorkor children (KC), 29 marasmic kwashiorkor children (MKC), 13 marasmic 

children (MC) and 33 healthy age-matched control subjects from the 3 agroecological 

zones of Nigeria was conducted (Makau et al., 2016). Aflatoxins were detected in 93.1% 

of MKC, 88.9% of KC, 76.9% of MC, and 63.6% of the healthy controls, with the 



28 
 

corresponding levels of AFB1 in the food plates as 82.4%, 69.4%, 53.8%, and 42.4% 

respectively. The median concentration of aflatoxins in the 3 groups of malnourished 

children is significantly higher than those in the control subjects for both serum/urine 

(p=0.013) and food plates (p=0.007), indicating that children in Nigeria are continuously 

being exposed (Lamplugh et al., 2018). 

2.2.5 Aflatoxin contamination and favorable conditions 

The production of mycotoxins is influenced by the dietary supply, enzymes, and 

numerous environmental conditions. However, the circumstances that favor aflatoxigenic 

fungus may not always support the formation of aflatoxins (Mannaa and Kim, 2017). 

These factors are summarized as:  

2.2.5.1 Physical factors 

Physical factors like pH, light, moisture, temperature, water, relative humidity, and 

atmospheric gases are responsible for aflatoxin contamination. Aflatoxin-producing 

molds/Fungi can grow in a wide range of pH (1.7–9.3), but the optimum range of pH is 

(3–7) (Yoshinari et al., 2019). The lower pH (3 > pH> 1) minimizes the fungal growth 

and a slightly higher pH (6 > pH> 3) promotes both fungal and aflatoxins production 

(Eshelli et al., 2015). Initial pH (pH = 5) promote AFB (Aflatoxin B) production while 

higher pH (pH = 7) promote AFG (Aflatoxin G) production, however, the composition of 

media in which fungi grow also influence pH (Sneh et al., 2021).  

The presence of light influences fungi growth and aflatoxin formation. Aflatoxin 

synthesis is increased by darkness, whereas it is inhibited by sunshine (Rushing and 

Selim, 2019). High moisture content always favors the aflatoxin contamination because 

moist conditions are favorable for fungal growth. Relative humidity (85%) is optimal for 

aflatoxins production, while 95% relative humidity increases aflatoxins production to a 
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considerable level (Ding et al., 2015). However, there has been no observed influence of 

water level on aflatoxin contamination. Aspergillus flavus may grow in a wide variety of 

temperatures ranging from 12 °C to 48 °C, however the optimal temperature range for its 

growth is 28 °C to 37 °C (Hawkins et al., 2020). Aflatoxins production can occur at a 

wide range of temperature; however, the optimal temperature for aflatoxin production is 

25-35 °C (Siciliano et al., 2017). Normally at high temperatures, AFB production is high 

than AFG, but at low temperatures both AFB and AFG production is equal. Availability 

of O2 and CO2 also influence the aflatoxins productions. Aflatoxins production and fungal 

growth are inhibited at a higher level of CO2 and a lower level of O2 (Mahbobinejhad et 

al. 2019).  

2.2.5.2 Nutritional factors 

The substrate and numerous nutritional variables such as carbon, amino acids, nitrogen, 

lipids, and a few trace components also have a large impact on aflatoxin synthesis. 

Carbohydrate-rich substrates promote greater output than oil-rich substrates because 

carbohydrate easily offers carbon, which is required for effective fungal development (Ma 

et al., 2014). Among carbohydrates glucose, ribose, sucrose, xylose, and glycerol acts as 

excellent substrates, while peptone, lactose, and sorbose are unable to promote aflatoxins 

production (Liu et al., 2016). Nitrogen in the form of nitrite and nitrate promotes aflatoxin 

formation by A. flavus in a variety of ways (Wang et al., 2019). Lipids also play an 

important role in aflatoxin production. Aflatoxins biosynthesis in toxigenic fungi leads 

by lipophilic epoxy fatty acids and fungal growth as well as aflatoxin production induced 

by ergo-sterol oxidation (Reverberi, 2019). Consequently, lipids also act as a substrate to 

obtain an acyl-CoA starter as well as a signaling molecule. The aflatoxin production and 

accumulation increase in full-fat substrates as compared to the low-fat substrate. In 

comparison to media without the addition of maize oil, the inclusion of corn oil in defatted 
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wheat infected with A. flavus enhances aflatoxin formation (Liu et al., 2016). Vitamins, 

amino acids, and metal ions also promote aflatoxin production in combination. Amino 

acids like glycine, glutamate, and alanine along with some bivalent metals like zinc and 

magnesium promote aflatoxin production, while it is inhibited by tryptophan.  

2.2.5.3 Biological factor 

Fungal species, weeds, and insect damage are examples of biological influences. Weeds 

grow primarily as a competitor and induce plant stress, which is linked to aflatoxin 

formation. The amount of aflatoxin produced is mostly determined by the kind of fungus; 

insects wound in the plant generate stress and serve as a breeding ground for aflatoxigenic 

fungi (Kinyungu, 2019). Aflatoxin production also depends on the types of strains. A. 

flavus produces fewer aflatoxins as compare to A. parasiticus (Manjunath and Mohana, 

2018). Aside from the factors mentioned above, A. flavus is the main species responsible 

for aflatoxin production and crop contamination because it is the most abundant mold 

found in soil and has the saprobe character, which allows it to grow on a variety of organic 

nutrient substrates such as compost piles, plant debris, cotton, dead insects, stored grains, 

field crops, animal corpses, and animal fodder. Pre-harvest contaminations of field crops 

are common because of the natural existence of A. flavus in soil, while post-harvest 

contamination also occurred by A. flavus during storage because it spoils the food grains. 

Due to the lack of host specificity A. flavus contaminate both monocot and dicot seeds 

(Leger et al., 2000). 

2.2.6 Methods for detection and quantification of aflatoxins 

Aflatoxins' quantitative detection technologies have advanced dramatically since their 

discovery. One of the oldest techniques for analyzing contaminated materials is 

chromatography, which includes thin layer chromatography (Fallah et al., 2016). Other 

methods are also used such as Gas Chromatography (GC), and high-performance liquid 
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chromatography (HPLC) with fluorescent detector, or with fluorimetric detector. 

Aflatoxins are also detected by Spectroscopic Methods; Fluorescence Spectrophotometry, 

Frontier Infrared Spectroscopy coupled to a mass spectrometer (Sulyok et al., 2017). 

Other methods such as immunochemical methods; Radioimmunoassay (RIA), Enzyme-

Linked Immunosorbent Assay (ELISA), Lateral Flow Devices (Immunodipsticks) and 

Immunosensors are also used in Aflatoxins detection. 

2.2.6.1 Chromatographic methods 

Chromatographic techniques are based on the physical interaction between a mobile 

phase and a stationary phase. The components to be separated are distributed between the 

two phases (stationary phase and mobile phase) (Braithwaite et al., 2018). The mobile 

phase is usually a fluid that penetrates through or along the stationary bed (liquid or solid). 

Liquid, gas, and supercritical fluids are currently used as mobile phase and 

chromatographic techniques derive their names from the nature of the mobile phase: 

liquid chromatography, gas chromatography, and supercritical fluid chromatography, 

respectively. In practice, the sample to be analyzed is dissolved in the mobile phase and 

applied as a spot on the stationary phase. The analyte or sample is carried along by the 

mobile phase and partitions between the solid and liquid stationary phase are called the 

sorbent. The various constituents in the analytes travel at different speeds resulting in 

differential partitioning of the constituents between the mobile and the stationary phases. 

The most commonly used chromatography techniques for analysis of aflatoxins are thin-

layer chromatography (TLC), high-performance liquid chromatography (HPLC), and gas 

chromatography (GC). Although many chromatographic procedures are extremely 

sensitive, they need highly professional technicians, sample processing is time-

consuming, and apparatus/equipment are expensive (Sapsford et al., 2016). 
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High-Performance Liquid Chromatography (HPLC) 

High-performance liquid chromatography (HPLC) is the most popular chromatographic 

technique for separation and determination of organic compounds. About 80% of organic 

compounds in the world are determined using HPLC (Zhang et al., 2015). The HPLC 

technique makes use of a stationary phase confined to either a glass or a plastic tube and 

a mobile phase comprising aqueous/organic solvents, which flow through the solid 

adsorbent. When the sample to be analyzed is layered on top of the column, it flows 

through and distributes between both the mobile and the stationary phases. This is 

achieved because the components in the samples to be separated have different affinities 

for the two phases and thus move through the column at different rates. The liquid 

(mobile) phase emerging from the column yields separate fractions containing individual 

components in the sample. In practice, the HPLC technique employs a stationary phase 

such as C-18 chromatography column, a pump thatmoves the mobile phase(s) through the 

column, a detector that displays the retention times of each molecule, and mobile phases 

(Figure 2.6). 

Fig 2.6: Schematic diagram of components of high-performance liquid chromatography 
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The sample to be analyzed is usually injected into the stationary phase and the analytes 

are carried along through the stationary phase by the mobile phase using high pressure 

delivered by a pump. The analytes are distributed differently within the stationary phase 

through chemical as well as physical interactions with the stationary and mobile phases 

(Rahmani et al., 2019). The time at which a specific analyte elutes is recorded by a 

detector as its retention time. The retention time depends on the nature of the analyte and 

composition of both stationary and mobile phases. Programmable detectors such as either 

the fluorescent detector (FLD) or the ultraviolet (UV) detector or the diode array detector 

(DAD) may be used in the detection and identification of aflatoxins. Normal-phase and 

reversed-phase high pressure liquid chromatography techniques are employed for the 

detection of aflatoxins in foods (Rahmani et al., 2019). The reversed phase HPLC method 

is the most widely used for separation and determination of aflatoxins. Occasionally, 

chemical derivatization of aflatoxins B1 and G1 may be required to enhance sensitivity 

of HPLC during analysis since the natural fluorescence of aflatoxins B1 and G1 may not 

be high enough to reach the required detection limit (Kok et al., 2016). The derivatization 

reactions of aflatoxin B1 with both the acid and halogens are presented in Figure 6. While 

in the first reaction step, the second furan ring of aflatoxin B1 is hydrolyzed by 

trifluoroacetic acid (TFA) into a highly fluorescent aflatoxin B2a, in the second and the 

third derivatization reaction steps, bromine and iodine are used as reagent, respectively. 

They react with aflatoxin B1 to form highly fluorescent aflatoxin B1 derivatives of these 

halogens, respectively.  

Papadopoulou-Bouraoui et al. (2002) compared two post column derivatization methods 

for the determination of aflatoxins B1, B2, G1, and G2 by fluorescence detection after 

liquid chromatographic separation (Figure 2.7). The results showed that both bromination 

and irradiation by UV light were suitable for the determination of aflatoxins in various 
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foods and animal feed matrices and both generated comparable results for fluorescence 

amplification and repeatability. The fluorescence of aflatoxins B1 and G1 was 

significantly enhanced after derivatization reaction either by bromination or by irradiation 

by UV light. High-performance liquid chromatography provides fast and accurate 

aflatoxins detection results within a short time. A sensitivity of detection as low as 0.1 

ng/Kg using FLD has been reported (Herzallah, 2019). However, the disadvantage of 

using HPLC for aflatoxins analysis is the requirement of rigorous sample purification 

using immunoaffinity columns. In addition, HPLC requires tedious pre- and post-column 

derivatization processes to improve the detection limits of aflatoxins B1 and G1 

Therefore, to overcome the challenges associated with derivatization processes in 

aflatoxins analysis, a modification of the HPLC method, whereby the HPLC is coupled 

to mass spectroscopy, has been made and is currently employed in the determination of 

aflatoxin (Abdallah et al., 2019). Since the mass spectrometer requires neither use of UV 

fluorescence nor the absorbance of an analyte, the need for chemical derivatization of 

compounds is eliminated. The HPLC-MS/MS uses small amounts of sample to generate 

structural information and exhibits low detection limits (Rahmani et al., 2019). However, 

HPLC-MS/MS is bulky and very expensive equipment which can only be operated by 

trained and skilled personnel. Besides, this also limits its use to only laboratory 

environment and not field conditions. 

2.3 The Cassava Plants 

Cassava (Manihot esculenta [Crantz]) belongs to the family Euphorbiaceac. which 

includes rubber (Hevea brasilensis) and castor bean (Ricunus communis). Before the 

discovery of the New World, the genus Manihot grew only in the Americas between about 

30'N and 30'S latitude (James, 2018). There are two main centers of diversity-a major one 

in Brazil and a secondary one in Central America. Cassava is farmed in the majority of 
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regions where Manihot species thrive, although it is not found in the wild. The wild 

progenitor of cassava is unknown, and the places where cassava was domesticated have 

not been located with certainty (James, 2018).  

2.3.1 Species or taxonomic group of cassava 

2.3.1.1  Classification and nomenclature 

The scientific name of cassava is Manihot esculenta Crantz (Cheek et al., 2020), synonym 

Manihot utilissima Pohl (Parmar et al., 2019). Cassava is a member of the spurge family, 

and its taxonomic hierarchy is: 

Order; Malpighiales 

Family; Euphorbiaceae 

Genus; Manihot 

Species; Manihot esculenta Crantz 

Subspecies; M. esculenta Crantz ssp. esculenta 

M. esculenta Crantz ssp. flabellifolia (Pohl) 

M. esculenta Crantz ssp. peruviana (Müeller) (Allem, 2017) 

Fig. 2.7: (a). Cassava plant with the roots, (b). Cassava tubers and cassava flour  

(www.shutterstock.com) 

(b) (a) 
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Three subspecies of cassava have been recognized: Manihot esculenta ssp. Esculenta is 

the cultivated strain, and M. esculenta ssp. flabellifolia and M. esculenta ssp. Peruviana 

are wild forms (Allem, 2017). In this chapter, “cassava” will be used to refer to the 

cultivated strain, M. esculenta ssp. esculenta. Common synonyms in other languages are 

manioc (French); mandioca, macaxeira and aipim (Portuguese); yuca (Spanish); and 

manioca (Italian). 

2.3.2 Botanical description and propagation of cassava 

The cassava plant is a perennial woody shrub. Commercially. It is grown by planting a 

cutting taken from the woody part of the stem. After the cutting is planted, one or more 

of the axillary buds sprout and roots grow principally, from the base of the cutting. The 

shoots show strong apical dominance, which suppresses the development of side shoots 

(James, 2018). When the main shoot becomes reproductive and begins to flower, the 

apical dominance is broken and several (two to four) of the axillary buds immediately 

below the apex begin to develop, giving the typical branching habit found in the plant. 

The time at which branching occurs is extremely variable: some clones never branch.  

The cassava plant primarily produces branches and a fibrous root structure during the 

early months. At the start of the growth cycle. Plants, on the other hand, store modest 

quantities of starch in their roots. Three months after planting. Some of the fibrous roots 

begin to quickly swell, accumulating significant amounts of starch. The thicker storage 

roots contain a fleshy heart that accounts for around 85 percent of their overall weight, as 

well as a harder, more fibrous peel (James, 2018). 

The propagation of cassava is unusual for several reasons. First, the economically useful 

part. the root, is not used for propagation. To propagate other major food staples, such as 

grain crops or potatoes, part of the harvest must be kept for replanting. Second, the 
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multiplication rate of cassava is low from 3 to 30 times per crop cycle, depending on 

conditions. Third, although cassava is normally propagated through stem cuttings, which 

produce genetically identical progeny or clones, it can also be reproduced from true seeds. 

The progeny obtained from true seeds have great genetic variability, permitting superior 

varieties to be selected. Which can then be reproduced by stem cuttings and hence have 

their new characters fixed in a stable form (James, 2018).  

2.3.3 Cassava plant production 

Cassava is a starchy root crop produced nearly exclusively in the tropics. Although it is 

one of the most important food crops in tropical nations, it is seldom recognized outside 

of the tropics, and it is frequently regarded as a low-grade subsistence crop inside the 

tropics (James, 2018). 

2.3.3.1 World production of cassava 

Globally, cassava has experienced consistent growth of well above 3% annually (FAO, 

2018). According to FAO (2018), as of 2018, world cassava production stood at about 

278 million tons. Since the cassava root is about 65 percent water, that production level 

yields about 42 million tons of dry matter, which is equivalent, in energy terms, to 40 to 

50 million tons of grain. Because much of the cassava grown is produced by small farmers 

in marginal agricultural areas and because most of it does not enter commercial marketing 

channels, it is difficult to obtain data on production. Food and Agriculture Organization 

(FAO) statistics are the best available guide to global production: however, errors in the 

estimates for individual countries can be quite large. FAO figures for Brazilian production 

for example, are much greater than estimates obtained from data in Brazil's agricultural 

census. 
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2.3.3.2 Africa and Asian production 

Africa total production was about 170 million tonnes (about 56% of world production) 

(FAOSTAT, 2019). Africa though it has slightly more than half the world's cassava land. 

produces only 37 percent of the world crop. FAO estimates show that yields have been 

nearly constant at 6.4 t/ha in recent years but between 1969-1971 and 1980. Plantings 

increased from 5.8 million hectares to 7.3 million hectares, and annual production 

climbed from 39.4 million tons to 46.5 million tons. Zaire, Nigeria and Tanzania are the 

major African cassava producers. Average yields in these countries range from 9 t/ha in 

Tanzania to less than 6.5 t/ha in Zaire. 

Asia accounts for only 27 percent of the world cassava area. but it produces 37 percent of 

the crop. Yields vary from less than 8 t/ha in Vietnam to over 16 t/ha in India (James, 

2018). Increasing Asian output during the last 20 years has been due mainly to expansion 

in Thailand. Production in Thailand grew from less than I million tons in 1957 to 4 million 

tons in 1972 to an estimated 17.9 million tons in 1981. 1he second largest producer in 

Asia is Indonesia, which harvests over 13 million tons annually. Its land area in cassava 

had declined slightly in recent years. But gains in yields, which now average about 9.6 

t/ha. have more than compensated for that decline. Evidence from FAOSTAT (2019) 

revealed that, as at 2018, Indonesia made the most tremendous improvement in terms of 

output per hectare between the periods of 1970 and 2017. This is closely followed by 

Vietnam, Ghana and Benin. 

2.3.3.3 Cassava production in Nigeria  

Cassava products are increasingly becoming popular in Nigerian food and agricultural 

markets. Nigeria produced about 60 million tonnes of Cassava annually (FAOSTAT, 

2019) Thus, it provides a strong incentive for more economic agents to be involved in the 

cassava market. Despite being the largest producer of cassava in the world, more than 
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90% of cassava produced in Nigeria are consumed locally (Denton et al., 2019). 

According to FAO (2018), cassava is a choice crop for rural development, poverty 

alleviation, economic growth and ultimately, food security. It is in view of the above that 

critical stakeholders have continued to contribute immensely to shaping the development 

of cassava sub-sector in Nigeria. Eke-Okoro and Njoku (2019) captured the phases in 

efforts to improve cassava production in Nigeria as the emergent stage that spread from 

1940 to 1953; a primitive stage that stretched from 1970 to 1990 and the anticipatory 

stage that spanned from 1995 to date (Edamisan, 2020).  

2.3.4 Consumption patterns 

Cassava is mostly used as a food. Because of its size and perishability, it is often 

consumed in or around the area where it is cultivated. The FAO food balance sheet has 

the only global statistics on cassava consumption, which is merely an approximate 

approximation of the true situation. They indicate that in the mid-1970s, 65 percent of the 

total production was used as a basic source of energy in human diets. About equal 

amounts were consumed as cooked fresh cassava or as processed cassava (mainly flours 

and meals). The main non-food uses of cassava are animal feed and starch. About one-

fifth of world production is fed to animals mainly in producing countries, and the amount 

is rising. Almost all exports are pelleted animal feed destined for Europe. About 6 percent 

of world production goes into Starch for industrial processes and food processing (James, 

2018).  

Consumption patterns vary greatly among geographies. Almost all cassava used in Africa 

is for human consumption. Although cassava is considered a subsistence crop in Africa, 

significant amounts are traded. Throughout Africa, cassava and cassava products can be 

found in the rural and urban markets. In Nigeria, garri a fermented cassava flour, is 

transported up to 700 kilometers to urban markets, and each year the equivalent of 
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120,000 tons of fresh cassava enters the Lagos market as garri. A study in Ghana in the 

1950s showed that 22.000 tons of fresh cassava and 27.000 tons of cassava products were 

entering Accra annually, providing 41 percent of the calories brought into the city. In 

Zaire, an estimated 55 percent of total production is sold off the farm. While it is hard to 

quantify how much cassava is traded and how much is consumed by producers, it is 

evident that a large amount of African output enters the market economy (James, 2018).  

2.3.5 Importance of cassava in diets  

The FAO Food balance sheets give estimates of cassava consumption for whole 

countries. but consumption patterns may vary substantially from area to area within a 

country. In Brazil for example, cassava has far more dietary significance in the Northeast 

than it does in the South. Similarly, in India the national average figures suggest that 

cassava is unimportant. but in fact, in Southern India cassava provides more than 700 cal/ 

day for 20 to 30 million people. Thus, national averages tend to overestimate the number 

of people who consume cassava as a major staple while underestimating the amounts 

consumed by actual cassava eaters. That notwithstanding, the food balance sheet data 

indicate that in 1975-1977. 500 million people in 24 countries consumed more than 100 

cal/day in the form of cassava. with an average intake of' over 300 calories (James, 2018).  

In the countries of' tropical Africa. cassava provides an average of' 230 calories per 

person per day. In Zaire and Congo. However, the average intake is over 1000 cal/day, 

or close to 1 kilogram of fresh cassava per day. This quantity accounts for around half 

of the entire energy use in the two countries. Cassava provides more than 500 calories 

per day to an estimated 70 million individuals. (James, 2018).  

The main value of cassava is the starchy roots, but the leaves are also eaten in Africa. 

Cassava leaves contain about 7 percent protein on a fresh weight basis (20 to 30 percent 
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protein on a dry weight basis). Cassava leaves compare favorably with soybeans in 

protein quality and are considerably higher in lysine. However, methionine and possibly 

tryptophan are deficient. The leaves are used as a base in making sauces and soups, 

particularly in the Congo basin. Tanzania and parts of West Africa. Consumption levels 

in Zaire have been estimated to be 500 g/day, 40 to 170 g/day in Congo, and 30 to 100 

g/day in Cameroon. Consumption of cassava leaves at these levels can contribute 

significantly to total protein intake (James, 2018).  

2.3.6. Cassava: a crop for sustainable agriculture and food security in developing 

 countries 

Cassava is currently the most important food source for carbohydrate, after rice, 

sugarcane and maize, for over 500 million people in the developing countries of the 

tropics and sub-tropics. Its main value is in its storage roots with dry matter containing 

more than 80% starch. Due to the very low protein content in storage roots (values range 

among cultivars from 5 to 19 g per kg dry matter, based on an average conservative 

Kjeldahl nitrogen to-protein conversion factor of 2.49–3.67 (Oresegun et al., 2016), 

human requirements for protein and other essential nutrients are commonly fulfilled by 

other food sources. 

Young leaves are gathered and processed for human use as a vegetable or as a constituent 

in a type of sauce consumed alongside primary staple meals in several locations where 

the crop is produced, notably in Africa (Latif & Muller, 2015). Also, cassava leaves have 

value as a protein supplement (leaf crude protein content on a dry basis ranges among 

cultivars from 21% to 39% (Ravindran, 2019) in animal nutrition either in feed 

formulations for monogastric animals or as a fresh forage to supplement low-quality 

roughages in ruminant feeds (Ravindran, 2019). Worldwide, the crop occupies the sixth 

place as a source of energy; it is not generally consumed outside the tropics and subtropics 
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where it is produced. About 70% of world cassava root production (which is estimated to 

be over 45 million metric tons of dry root annually) is used for human consumption either 

directly after cooking or in processed forms; the remaining 30% is used for animal feed 

and other industrial products such as starch, glucose, and alcohol. 

To reduce health risks, cultivars low in cyanogen are preferred in countries where cassava 

is frequently used directly for human food, notably in Africa and Latin America. Much 

of the hydrocyanic acid in cassava roots and leaves is removed from cultivars rich in 

cyanogen (bitter) during food processing and preparation using a combination of 

sophisticated traditional methods and contemporary technologies (Essers, 2015). 

Due to root perishability and rapid deterioration after harvest, fresh roots have to be used 

immediately after harvesting, either eaten on the farm, marketed for consumption, 

processed for starch extraction, dried for flour production, roasted for food products 

and/or used for animal feed. However, pruning three weeks before harvest reduces root 

degradation due to increases in the total sugar/starch ratio in the roots (Van Oirschot et 

al., 2020).  

2.3.7 Nutritional value of cassava 

Cassava roots have 30 to 40 percent dry matter, which is a higher proportion than most 

other roots and tubers. The dry matter content depends on such factors as the variety, the 

age of the root at harvest, the soil and climatic conditions and the health of the plant. 

Starch and sugar are the predominant components (approximately 90 percent) of the dry 

matter: starch is by far the most important. The metabolizable energy of dry cassava. 3500 

to 4000 kcal/g. is similar to that of maize flour (James, 2018).  

The crude protein content is less, because up to half the nitrogen in the root is non-protein 

nitrogen. The quality of the protein is reasonably good in cassava young leaves; leaf crude 
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protein content on a dry basis ranges among cultivars from 21% to 39%, though sulfur 

amino acids are deficient.  The roots contain significant quantities of vitamin C, thiamine, 

riboflavin, and niacin. A person obtaining more than 250 cal/day from cassava would 

satisfy the daily vitamin C requirement. But boiling reduces the vitamin C content by 50 

to 70 percent and processing to such products as garri and foufou reduces it by 75 percent 

or more. Nevertheless in areas in which cassava consumption is high even processed 

cassava can supply sufficient vitamin C to satisfy minimum daily requirements (James, 

2018).  

In nutritional terms, cassava is low in essential amino acids such as methionine, lysine, 

tryptophan, phenylalanine and tyrosine (Parmar et al., 2019). A cassava-based diet 

therefore requires an adequate protein source of good quality to prevent nutritional 

deficiency symptoms (Aditya et al., 2017). It is well established that cassava is not edible 

raw due to the presence of toxic compounds. Cassava contains two cyanogenic 

glucosides, linamarin and lotaustralin, which are found in all sections of the plant but are 

most abundant in the root peel. Normal cyanoglucoside levels vary from 31 to 630 ppm 

estimated as mg HCN/kg of fresh cassava root, however the concentration fluctuates 

greatly depending on variety, climate, and environmental circumstances. Sweet cassava 

cultivars have lower cyanide levels than bitter ones, although there is no confirmed link 

between flavor and toxicity (Parmar et al., 2019). 

2.3.8 Toxicity of cassava roots  

Raw cassava contains the glycosides linamarin and lotaustralin which are converted to 

hydrocyanic or prussic, acid, a poison, when they come in contact with linamarase, an 

enzyme that is released when the cells of cassava roots are ruptured. Although 

occasionally deaths from consuming raw cassava roots have been reported the traditional 

processing and cooking methods reduce the cyanide levels. If normal preparation 
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procedures are used, acute cyanide toxicity does not occur. Chronic cyanide toxicity 

occurs in some localities in Africa where cassava consumption is high up to the equivalent 

of 1 kilogram or of fresh more roots per day over a long period, and where the 

consumption of iodine and protein, particularly animal protein, is extremely low. In 

Nigeria and Zaire. Ataxic neuropathy (nervous degeneration) and goiter (which leads to 

cretinism in severe cases) have been associated with high levels of cassava consumption 

(James, 2018). 

When cyanide enters the bloodstream, it is converted to thiocyanate, a sulfur-containing 

compound, by the enzyme rhodanase. The thiocvanate is later excreted in the urine. The 

compound plays its toxic role by using up body sulfur in detoxification. Thus, increasing 

the body's demand for sulfur containing amino acids, or by interfering with the iodine 

uptake of the thyroid, resulting in goiter. In both cases, high cassava consumption 

aggravates problems associated with low levels of sulfur amino acids and iodine in the 

diet (James, 2018).  Chronic cyanide toxicity has not been reported in areas of high 

cassava consumption in Latin America or Asia, which reinforces the hypothesis that 

goiter and ataxic neuropathy are caused by a complex interaction of several factors.  

2.3.9 Processing of cassava 

Cassava root is processed in Nigeria into garri, tapioca, lafun, fufu and starch, among 

other products, with varying physical qualities due to differences in processing methods 

(Awoyale et al., 2017). However, these processing methods, as well as the environments 

and natural microflora, influence the types and concentrations of microbial metabolites in 

the final food products (Adebayo-Oyetoro et al., 2013). Cassava processing processes in 

Nigeria typically result in a variety of culinary and feed products. The production of lafun 

may or may not involve peeling of the cassava roots before washing, fermenting in water 

(either in a flowing stream or sttionary water) for softening, bagging/dewatering, drying, 
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and milling (Ogunnike et al., 2015). The production of fufu flour is similar, except that, 

after fermentation, the mash is wet-sieved before sedimentation, dewatering, and final 

drying. Lafun and fufu flours are categorized as dried fermented flours, while tapioca is 

an unfermented product produced by toasting the extracted wet starch (Otegbayo et al., 

2013). The roasting of fermented cassava mash to make garri is similar to this process, 

and similar utensils are used.  

 

2.3.9.1 Importance of processing cassava roots  

Although cassava cultivation requires slight labor, post-harvest cassava processing is the 

most difficult of all root crops because it requires rapid handling and detoxification to 

make it edible (Root and Tuber Improvement Program, 2019). One of the major issues in 

the utilization of cassava is the high perishability of the tubers. Deterioration by 

biochemical changes and microbial infestation starts within 2-3 days after uprooting. 

Long distances between production areas and processing sites are often a problem leading 

to considerable post-harvest losses (Aditya et al., 2017). Since there are no effective 

commercial storage methods available, it is necessary to process cassava into dry shelf-

stable forms by reducing moisture content and thus lowering bulk and transportation costs 

(Parmar et al., 2019). 

As cassava contains toxic compounds, it requires special processing procedures that will 

eliminate or reduce the levels of cyanogenic glucosides, making the product safe for 

human consumption. Peeling reduces significantly the toxicity. Grating breaks down the 

internal structure of the root, releasing linamarase that will decrease the cyanoglycoside 

content by about 95% by hydrolyzing the glucosides into HCN (Parmar et al., 2019). 

Since HCN is soluble in water, its amount is reduced by traditional detoxification methods 

such as boiling, soaking or de-watering (Dziedzoave et al., 2016). Because HCN is 
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volatile, some of it will escape into the air during drying or roasting. During fermentation, 

glycosides are nearly completely broken down in fermented cassava flours like garri. As 

a result, cassava products are safe if properly prepared (RTIP, 2019).  

Processing also increases the value of cassava by improving palatability and facilitating 

marketing of more acceptable hygienic quality products. Cassava, often considered as a 

low value root crop, is transformed into convenient foods to meet the increased demand 

from the urban population (Parmar et al., 2019). Cassava processing is a widespread and 

labor-intensive job that is typically carried out by women in small-scale processing 

operations. Peeling, grating, drying, sifting, roasting, and fermenting are all time-

consuming unit processes since they are frequently done by hand. Nonetheless, over the 

last three decades, the development of motorized cassava processing technology has 

significantly decreased drudgery and increased processing throughput. Mechanical 

graters, cassava chippers, screw presses, sieving machines, mills, and mechanical dryers 

are currently quite common in Ghana's cassava processing business. Small-scale cassava 

processors, on the other hand, frequently lack the funds to invest in equipment and 

maintain the business successful (Ministry of Food and Agriculture, 2015). 

2.3.9.2 Cassava flour production  

The processing of cassava roots into cassava flour is depicted in (Figure 2.8). Healthy 

cassava roots with no bruises and cracking should be harvested 10-12 months after 

planting and processed within 24 hours. Grating, is generally, carried out by a motorized 

cassava grater that disintegrates cassava tissue, which facilitates later steps such as 

pressing and drying due to an increased surface area. De-watering or pressing is the 

removal of internal liquid from the roots by means of a screw press and is important to 

reduce toxicity (Kamaljit and Preeti, 2017). 
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The cassava mash is packed into a clean jute sack, allowing excess water to drain until 

the mash is crumbly. By limiting the pressing time, off-color and odor from fermentation 

are minimized (less than one hour). The particle size of cassava crumbles is reduced 

during disintegration. A hot air mechanical drier or a solar dryer can be used for drying. 

A hammer or disc-attrition mill is used to grind dry cassava mush into flour. To get 

smooth flour with consistent particle size, the flour is sieved via a motorized flour sifter 

equipped with a 250 m screen. Finally, the flour is wrapped in polypropylene bags to 

prevent moisture absorption during storage (Shittu et al., 2018; Nwabueze and Anoruoh 

2019).  

Fig. 2.8: Cassava flour preparation 
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Another fast method involves harvesting and sorting of good roots, peeling and washing 

manually, grating (usually done with a motorized cassava grater), dewatering (with screw 

or hydraulic press), pulverizing, drying (solar or oven drying), fine milling, sifting the 

milled flour with a motorized flour sifter having 250 µm sieve size and then, packaging 

(Jekayinfa and Olajide 2017). Flour extraction from cassava tuber depends on reduction 

of moisture. Cassava drying aims at reducing its water content to less than 15% (Shittu et 

al., 2018). Temperature, ventilation, humidity, and tumble frequency are all factors that 

impact cassava drying. 
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CHAPTER THREE 

3.0           MATERIALS AND METHODS  

3.1 Study Area 

The study was conducted between November 2020 and February 2021 in  selected five 

Nigerian AEZs where cassava flour (Lafun) is produced and consumed: Sudan Savanna 

(SS) (Kano, Katsina, Kebbi, Jigawa and Sokoto State); Northern Guinea Savanna (NGS) 

(Bauchi, Gombe and Kaduna State); Southern Guinea Savanna (SGS) (Niger and 

Adamawa State); Derived Savanna (DS) (Taraba, Plateau, Kwara, Ekiti, Kogi, Osun, 

Oyo, Benue, Ogun, Enugu, Nasarawa State and FCT-Abuja) and Humid Forest (HF) 

(Edo, Ondo, Cross-River, Ebonyi, Anambra, Imo, Akwa-Ibom, Abia, Rivers, Bayelsa, 

Delta, and Lagos State). 

The Sudan Savanna (SS) zone lies between latitudes 12°2’ and 13°8’ N and longitudes 

3°9’and 13°9’E with a unimodal annual rainfall averaging between 650 and 1,000 mm 

and maximum temperatures varying from 30 to 40 °C (Udoh, et al., 2000). The Northern 

Guinea Savanna (NGS) zone lies within latitudes 9°10’and 11°59’N and longitudes 3°19’ 

and 13°37’E and has a unimodal rainfall distribution averaging between 900 and 1,000 

mm annually and maximum temperatures varying from 28 to 40 °C (Atehnkeng, et al., 

2008). The Southern Guinea Savannah zone lies within latitudes 8°4’and 11°3’N and 

longitudes 2°41’and 13°33’E, with a bimodal rainfall averaging between 1,000 and 1,300 

mm per year and maximum temperatures varying from 26 to 38 °C. The Derived Savanna 

(DS) lies within latitudes 6°8’ and 9°30’ N and longitudes 2°40’and 12°15’ E and has a 

bimodal rainfall distribution averaging between 1,300 mm and 1,500 mm annually and 

maximum temperatures varying from 25 to 35 °C (Atehnkeng et al., 2008). The humid 

forest (HF) zone lies within latitudes 6°4’ and 7°5’ N and longitudes 3°5’ and 8°8’E and 
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has a bimodal annual rainfall averaging between 1,300 and 2,000 mm and maximum 

temperatures ranging from 26–28 °C.   

 

Fig. 3.1. Agro-Ecological Zones in Nigeria in relation to average rainfall 

3.2 Sampling and Sample Preparation 

Sampling and sample preparation prior to aflatoxin analysis were carried out as described 

by Adetunji et al. (2014) and the modified EC (2002) method, respectively in order to 

reduce variability. A total of 130 lafun samples (3 kg each) were collected across the five 

AEZs: The samples were hand-mixed and allowed to pass through a mesh screen. Sub-

samples of 500 g were taken from each lot and sieved with 1-mm mesh. Sub-samples of 

50 g were further taken from the lots into zip-lock envelopes forming 64 composite 

samples which were labeled appropriately and transported to the microbiological and 



51 
 

mycotoxin laboratory of the National Agency for Food and drug administration and 

control (NAFDAC) Oshodi, Lagos. Samples stored at −20 °C prior to analyses. 

3.3 Chemical and Reagents 

Phosphate buffered saline solution (pH 7.4), Potato Dextrose Agar, Extraction solvent 

(Acetonitrile/water solution 8:2, v/v), Methanol (Technical grade, distilled), Water, 

Anhydrous MgSO4, NaCl (Sodium chloride), HPLC mobile phase solvent 

(Water/acetonitrile/methanol HPLC grade solution 6:2:3, v/v/v), Sodium chloride, HPLC 

aflatoxin standard solutions LLC. 

3.4 Apparatus 

Laboratory balance: (Readability 0.1 g), Analytical balance: (Readability 0.1 mg), 

Pipettes: (10mL), Fluorescence detector: Wavelengths 360 nm excitation filter × 420 nm, 

HPLC column: (4.6 mm × 25 cm), Glass microfiber filter paper: (5 cm diameter, 

retention: 1.6 µm), 20 mL syringe, Vertical shaker: (Adjustable for max. solid-liquid 

agitation, Calibrated micro-litre syringe: 25 and 500 µL, Disposable filter unit: (Cellulose, 

0.45 µm), Volumetric glassware: (2, 3, 10, and 20 mL (0.5% accuracy), Filter paper: (24 

cm diameter, pre-folded, and 30 µm retention). 

3.5 Microbiological Examination of Lafun Sample 

Fungi isolation was carried out using plate dilution method as described by Vanderzannt 

and Splittstoesser (1997) with slight modification. The media used was prepared and 

incubated according to the manufacturer’s instructions. Three grams proportion of each 

sample was aseptically taken (after thorough mixing) and weighed into a beaker 

containing 30ml of 0.1% sterile peptone water (w/v) and allowed to soak for 2-3 minutes 

with occasional stirring with a sterile glass rod. The serial dilution was subsequently 

prepared by transferring 1ml aliquot of the supernatant into 9ml of sterile peptone water 
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as diluent. Further serial dilution was carried out and thereafter, 1ml of appropriate 

dilution was aseptically plated on Potato Dextrose agar (PDA) with Chloramphenicol 

added to the media. The media was incubated at 25 ± 2 oC for 5-7 days. Following 

incubation, the fungal colonies were counted with a colony counter, and the number of 

colonies per gram of sample was counted, recorded, and expressed as colony forming 

units per gram, as shown in Equation 1.  

CFU/g = 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐶𝑜𝑙𝑜𝑛𝑖𝑒𝑠 ×𝑟𝑒𝑐𝑖𝑝𝑟𝑜𝑐𝑎𝑙 𝑜𝑓 𝑡ℎ𝑒 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟

𝑉𝑜𝑙𝑢𝑚𝑒 (𝑚𝑙) 𝑝𝑙𝑎𝑡𝑡𝑒𝑑
   (3.1) 

The fungal isolates were identified using compound microscope based on examinations 

of the conider heads, phialides, conidiophores and presence and absence of foot cells or 

rhizoids using the appropriate identification keys and atlas in literature (Oranusi and 

Olarewaju, 2013). The summary of incidence rate and frequency of isolated fungi species 

from the lafun samples were calculated using Equation 2 and 3, respectively. 

Incidence Rate = 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐼𝑠𝑜𝑙𝑎𝑡𝑒𝑠

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐼𝑠𝑜𝑙𝑎𝑡𝑒𝑠
 × 100      (3.2) 

% Frequency = 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐼𝑠𝑜𝑙𝑎𝑡𝑒𝑠

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑆𝑎𝑚𝑝𝑙𝑒𝑠
 × 100      (3.3) 

3.6 Analysis of Lafun Samples for Aflatoxin Contamination using HPLC 

A total of 68 composite of lafun samples were analyzed for the presence of four prominent 

regulated aflatoxin: B1 (AFB1), AFB2, AFG1 and AFG2 by high performance liquid 

chromatography (HPLC) method. Five grams (5g) of each ground representative sample 

was weighed into a 50-ml polypropylene tube and extracted with 20 ml 

acetonitrile/water/acetic acid (79:20:1, v/v/v) for 90 min on a rotary shaker. To the extract, 

10grams of Anhydrous MgSO4 and 1g of NaCl was added and shaken for 1minutes. The 

solution was then centrifuged for 5 minutes at 4000rpm to further separate the solid from 

the liquid. The method of clean up via solid-phase extraction was carried out as described 
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by Shephard (2003). 6ml of the supernatant was transferred into a 15ml clean up tube 

containing 150mg of PSA and 600mg of MgSO4. The mixture was shaken vigorously 

using vertical vortex shaker and centrifuged for 5 minutes and 4000 rpm. 1ml of the 

purified extracts were then evaporated to dryness at 40°c under nitrogen and reconstituted 

in 1 ml of methanol/water (80/20; v/v) solution. Recovery assays for the individual 

samples were greater or equal to 80% and the limit of detection for aflatoxins was ≤ 0.1 

μg/g. 

The Aflatoxins, were quantified using HPLC Modula system (Agilent, Waldbronn, 

Germany) with an Ultraviolent detection. The system was accomplished with column 

types C-18, pressure max per flow rate of 420 pa x 1 ml/ml for the aflatoxins, for the 

separation and quantification of the selected Aflatoxins and standards. Twenty microlitre 

(20 µl) was injected as the volume used for the prepared samples with different mobile 

phase for individual aflatoxin: that is, water: methanol: acetonitrile (60:20:20).  

3.7 Method Validation for HPLC 

The methods of sampling and analysis for the official control of the levels of mycotoxins 

in foodstuffs lay down by (European Commission Regulation, 2010) No 401/2006 of 23 

February 2006 was adopted. According to the commission, the method was validated in 

terms of linearity (quantification), apparent recovery (% recovery) and sensitivity (limit 

of detection (LOD) and limit of quantification (LOQ)) using blank matrices of the lafun 

samples (401/Udoh et al., 2000; Abia, et al., 2013)). External calibration curves were 

established based on the serial dilution of the aflatoxin standard solution. Linearity was 

determined by injecting aflatoxin standards at three different concentrations into the 

HPLC column. Calibration curve between the different concentrations and correlation co-

efficient (R2) indicated good linearity with R2 values ranging from 0.9018-0.9998 for the 

different aflatoxin standards. 
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Table 3.1: Calibration Parameters for HPLC Analysis 

Analytes Calibration level 

(µg/kg) 

Percentage 

recovery (%) 

r2  Equation of straight 

line 

AFB1 2.5, 5.0, 10.0 88 0.9018 y = 2634x 

AFB2 5.0, 10.0, 20.0 92 0.9851 y = 24120x 

AFG1 2.5, 5.0, 10.0 78 0.9761 y = 62824x 

AFG2 2.5, 5.0, 10.0  92 0.9882 y = 41585x 

Keys: AFG1- Aflatoxin G1, AFG2- Aflatoxin G2, AFB1- Aflatoxin B1, AFB2- Aflatoxin 

B2. 

Percentage recoveries of the analytes were carried out by spiking three different samples 

(5 g of each) that were least contaminated with the analyte standard (100 µl of standard 

concentration). The spiked samples were left overnight in a fume cupboard at room 

temperature for evaporation of the solvent to establish equilibrium between the sample 

matrix and the toxins. The aflatoxins from spiked samples was extracted by mycotoxin 

extraction method as described above. From each spiked sample, 20 µl of the extract was 

injected into the HPLC. The corresponding peak areas of the spiked samples were used 

for estimation of the apparent recovery by comparison with a standard of the same 

concentration prepared by dilution in pure solvent. The percentage recoveries were 

estimated using the formula presented in Equation 4 and the calibration parameters were 

presented in Table 1. 

% Recovery = 
𝑃𝑒𝑎𝑘 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑆𝑝𝑖𝑘𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒𝑠

𝑃𝑒𝑎𝑘 𝐴𝑟𝑒𝑎 𝑜𝑓 𝐿𝑖𝑞𝑢𝑖𝑑 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑𝑠
 × 100    (3.4) 

The sensitivity parameters (i.e. LOD and LOQ) for mycotoxins in the lafun samples were 

calculated from the signal to noise ratios (S/N) of the respective multiple reaction 

monitoring (MRM) chromatograms derived from the analysis of the spiked samples: LOD 

=3×S/N and LOD =10 ×S/N, respectively. 
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3.8 Exposure Assessment and their Potential Risk Characterization 

3.8.1 Data collection 

A simple questionnaire was administered to address the risk characterization of human 

exposure to Aflatoxins present in lafun sold in the various markets that are consumed in 

the five AEZs in Nigeria, a total of 150 respondents were required to fill the questionnaire 

in order to determine the exposure rate and risk associated with aflatoxin contamination. 

Also, the survey was age- and gender- weighted and they represent adult population 

groups between the ages of 20-60 years. In this regard, the adult population groups were 

successfully interviewed through a quota sampling and completed the dietary intake 

questionnaires within 15-30 minutes. A portable scale was used to determine the weight 

of each respondent from the studied region. The weight of forms in which lafun is being 

consumed was also taken in grams. The questionnaire assessed whether the respondents 

consumed lafun or not, and explore the extent to which they consume their products (if 

they were consumed on a daily basis or not at all).  

3.8.2 Aflatoxins dietary intake  

The estimated daily intake (EDI), and percentage tolerable daily intake (% TDI) values 

will be estimated for the staples. The method used by Rodrigues et al. (2011) and 

approved by JECFA was adopted in this study. The “Estimated daily intake” which 

estimates the amount of toxin that can be ingested daily (μg/kg bw/day) can be obtained 

by using the formula presented in Equation 5. 

Estimated daily intake (EDI) = 
Contamination level  × Consumption rate 

Body weight (kg/persons) 
   (3.5) 

Where “Contamination level” refers to the average toxin level found in a certain foodstuff 

(μg/Kg/day) and “Consumption rate” is the amount of the foodstuffs ingested on daily 

basis (gram/day).  
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However, the formula presented in the equation above was implemented by multiplying 

the average level of each aflatoxin present in the lafun samples with the average lafun 

consumption in Nigeria: 426.3g/person/day (0.4167 kg/person/day) “as estimated from 

the questionnaire” and then divided by mean body weight of 63.03, 64.29 and 61.58 kg 

for adult male, adult female and total population groups, respectively.   

  

3.8.3. Determination of burden of aflatoxins-attributable to hepatocellular 

 carcinoma incidence among lafun consumer 

The JECFA estimated cancer potency values for aflatoxins were adopted in determining 

the annual burden and HCC incidence attributable to aflatoxins exposure in lafun. The 

values which corresponded to 0.3 cases of cancer per 100,000 population annually, for 

each ng/kg bw/day, among populations infected with hepatitis B virus (HBsAg+), and 30 

times lesser (0.01 cases of cancer per 100000 population per ng/kg bw/day) among people 

not infected (EFSA, “European Food Safety Authority”, 2007) were employed for this 

estimation. The HBsAg+ prevalence rate used was 13.6 % in Nigeria based on previous 

studies, and 86.4 % was extrapolated for HBsAg- groups (Roy et al., 2013). Similarly, a 

recent report by National HIV/AIDs Indicator and Impact Survey (NAIIS) highlighted 

that HBV prevalence in Nigeria was 8.1 % and affirmed Nigeria populations to be 

approximately 190 million (Sapsford et al., 2016). Hence, the annual HCC cases per 

100,000 for HBsAg+ve and HBsAg-ve individuals, as well as that used to estimate the 

annual HCC cases based on populations that are HBsAg+ve and HBsAg-ve
 are represented 

in Equation 6, 7, and 8, respectively.   

Annual HCC Cases/100,000 for HBsAg+ individual = Aflatoxins EDI ×Potency Factor (0.3)   Eq. 6 

Annual HCC Cases/100,000 for HBsAg- individual = Aflatoxins EDI ×Potency Factor (0.01)   Eq. 7 
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Annual HCC Cases = 
𝐴𝑓𝑙𝑎𝑡𝑜𝑥𝑖𝑛𝑠 𝐸𝐷𝐼 ×𝑃𝑜𝑡𝑒𝑛𝑐𝑦 𝑓𝑎𝑐𝑡𝑜𝑟 (0.3 𝑜𝑟 0.01)

100,000
 × 𝑁(HBsAg+ or HBsAg− )   Eq. 8 

Where N, represents prevalence rate multiply by the total population of the individual in 

each of the five AEZs. 

3.8.4 Determination of HCC risk  

Based on the prevalence of HBsAg+ (13.6 % or 8.1 %) of individual in Nigeria total 

population, the risk for liver cancer was estimated for different population groups 

consuming lafun in each of the five AEZs using the relation presented in Equation 9 and 

10, respectively. 

Cancer potency = 0.3 × a𝑛𝑛𝑢𝑎𝑙 𝐻𝐶𝐶 𝑐𝑎𝑠𝑒𝑠 (HBsAg+) + 0.01 ×

𝐴𝑛𝑛𝑢𝑎𝑙 𝐻𝐶𝐶 𝑐𝑎𝑠𝑒𝑠 (HBsAg−)           Eq. 9 

HCC Population Risk = EDI × Cancer Potency         Eq. 10 

3.8.5 Cancer incidence attributable to dietary aflatoxins from consumption of 

 lafun 

This was computed as reported by Liu and Wu (2019) by dividing the estimated liver 

cancer risk per 100,000 population by the incidence rate of liver cancer in Nigeria (6.5 

deaths/100,00 population) estimated for Nigeria by Global Burden of Disease Project and 

multiplying by 100% (WHO, 2004). 

 

3.8.6 Disability adjusted life year (DALY) lost 

DALY is an epidemiological measure of disease burden expressed in number of healthy 

life years lost due to death or disability caused by a disease. It is calculated by multiplying 

annual HCC cases (HBsAg-positive) per 100,000 populations by sex-specific HCC 

DALY estimate (13.05) for both male and female population (Abt Associates 

Incorporated, 2013). 
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3.9 Statistical Analysis 

All data were analyzed by SPSS 26.0. One-way ANOVA was performed for the 

distribution of fungal species across the agro-ecological zones (AEZs). All means were 

tested for significance by the Duncan's Multiple Range Test at 95% confidence level. 
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CHAPTER FOUR 

4.0          RESULTS AND DISCUSSION 

4.1 Results 

4.1.1 Frequency and incidence rate of fungal species identified in Lafun samples 

 from five AEZs in Nigeria 

A total of 108 fungal isolates belonging to four genera: Aspergillus (n = 60), Fusarium (n 

= 19), Penicillium (n = 18) and Mucor. Spp (n = 11) were isolated from the lafun samples 

(Figure 4.1 & Table 4.1). The percentage population of Aspergillus was found to be 

(55.56%), while that of Fusarium, Penicillium and Mucor. Spp were found to be 

(17.59%), (16.67%) and (10.19%) respectively. The population of Aspergillus was higher 

than the population of the other fungal genera in lafun sample from all the AEZs (Figure 

4.1). Fusarium (17.59%) was the second in the population frequency followed by 

Penicllium spp (16.67%) and least frequency in the hierarchy was Mucor. Spp (10.19%).  

Among the Aspergillus species isolated, A. flavus, A. niger and A. fumigatus, as well as 

Penicillium, and Fusarium species were aflatoxin-producing species and were the most 

abundant species in all the AEZs.  

The total incident of A. flavus (40%) was the highest, followed by A. parasiticus (30%) 

among the Aspergillus species isolated, while among the Fusarium species, F. 

graminearum had the highest total incidence of (57.89%), and P. verrucosum had the 

highest incidence of (66.67%) among the Penicillium Spp. The incidence of A. flavus in 

the lafun sample from the HF (37.5%) and the DS (33.33%) zones were significantly 

(p<0.05) higher than the lafun samples from other AEZS. Following A. flavus in 

hierarchical succession was the A. parasiticus -clade whose had (50%) incidence in the 

DS and HF zones. A. niger has (0.00%) in the lafun samples from DS, HF and SS zones 

(Table 4.1). F. culmorum was recorded to have the highest incidence (50%%; p<0.05) 
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present in the lafun sample from the HF zone amongst the Fusarium isolates in AEZs. P. 

notatum was recorded to be having incidence of (0.00%;) in the NGS, SGS and SS zones 

respectively, and Muco. spp. has the highest incidence of (54.54%; p<0.05) in the DS and 

(0.00%) incidence in the SGS zones. The mycological analysis of the lafun samples 

showed that none of the samples were free from fungal infestation, yet lafun samples from 

the NGS had the least fungal infestation among all the samples in from AEZs in Nigeria.  

  

Figure 4.1: Percentage occurrence of fungal isolates of Cassava flour (lafun) from the 

Agro-ecological zones of Nigeria 

4.1.2 Colony forming units (CFU) of fungal species found in lafun samples from 

 the five Agroecological zones in Nigeria. 

The rate of microbial contamination evaluated by the colony forming unit per gram 

(CFU/g) determined in thirty-two composites samples from the five agroecological zones 

in Nigeria where cassava serve as the major staple shows that HF has the highest average 

fungal load. The CFU contents in lafun across the five agro-ecological zones is presented 

in decreasing order as follows: HF zone (10.64±0.1 x104cfu/g) > SS zone (8.69±2.0 
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PERCENTAGE (%) OCCURENCE OF FUNGAL ISOLATES FROM CASSAVA FLOUR 
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x104cfu/g) > NGS zone (7.47±1.1 x104cfu/g) > DS zone (6.64±0.21 x104cfu/g) > SGS 

zone (4.0±0.11 x104cfu/g) (Figure 4.2). The fungal count in all the AEZs shows slight 

variations amongst the groups of microorganisms within each state and from one state to 

another. The result shows significantly (p<0.05) in the Colony forming units (CFU) 

between and among each state in the AEZs. Based on the categorization of Gimeno 

(2002), samples can be categorized as good provided that the colony count is less than (3 

x 104 CFU/g), regular (count range between 3x10 4 to 7 x 10 4 CFU/g) and bad (greater 

than 7 x 10 4 CFU/g). Therefore, the lafun samples from DS and SGS were found to be 

regular, while samples from NDS, SS and HF were found to be bad in terms of microbial 

count. 

Figure 4.2: Mean Fungal Counts of Cassava flour (lafun) from the Agro-ecological zones 

of Nigeria 

4.1.3 Incidence and Level of Aflatoxins (ng/g) in Lafun Samples from all the Agro-

 Ecological zones in Nigeria. 

The occurrence and levels of total aflatoxins (AFB1 + AFB2 + AFG1 + AFG2) based on 

agro-ecological zones are presented in Table 4.2. The concentrations of total aflatoxins in 
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the Lafun samples sold in the market is in relation to average rainfall pattern/state. In the 

various AEZs, the Lafun samples were contaminated with high concentration of aflatoxin 

G1 (AFG1). In particular, Gombe state with an annual rainfall of 66.84 mm (2.63 in) had 

the highest aflatoxin G1 (AFG1) contamination of (90.72±90.7a ng/g) and a significantly 

low aflatoxin B1 (AFB1) contamination levels of (0.70±0.67a ng/g), and also a reasonably 

high amount of AFG2 (109.16±108.9a) was recorded in Kaduna state both of the NGS 

zone. The SS zone recorded the highest (15.64±0.45d) average level of aflatoxin B1 

(AFB1) contamination among all the AEZs, with Kano having the highest contamination 

level of (41.11±31.28a) among all the states in Nigeria. The NGS zone (2.63±0.07c ng/g) 

had the highest average aflatoxin B2 (AFB2) contamination level. It is also worthy of 

note that Jigawa, Enugu and Cross River had (0.00±0.00 ng/g); had no record of aflatoxin 

B12 (AFB1) contamination in the Lafun samples from these states.  

The average total aflatoxin concentration (AFT) in lafun across the five agro-ecological 

zones is presented in decreasing order as follows: NGS zone (96.67±0.06e ng/g), > DS 

zone (44.57±0.02d ng/g) > SS zone (33.19±0.47c ng/g) > HF zone (30.60±0.43b ng/g) > 

SGS zone (20.57±0.47a ng/g) (Figure 4.3). Aflatoxin B1 was found in Lafun samples 

from all the AEZs, and the average concentration ranges from 2.08±0.01a ng/g in the 

(NGS) to 15.64±0.45d ng/g in the (SS) zones, while that of Aflatoxin B2 ranges from 

1.57±0.01a ng/g in the (SGS) to 2.63±0.07c μg/g in the (NGS) zones. The highest 

concentration of Aflatoxin G1 was recorded in the DS (22.53±0.01d ng/g), and least in 

Lafun sample from SS (8.40±0.02a ng/g) zones. As aforementioned, the highest 

concentration of Aflatoxin G2 was found in Lafun samples from NGS zone (42.94±0.04e 

ng/g), the least concentration of (3.27±0.01a ng/g) was recorded from SGS zone.  
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Figure 4.3: Mean Concentration of AF B1, B2, G1 & G2 in Cassava flour (lafun) from 

the Agro-ecological zones of Nigeria 
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Table 4.1: Distribution of Isolated Fungal species in Lafun Samples from different AEZs with Incidence Rate in Parenthesis. 

 
Fungi Species Sample Location/Zones  

Total 

% Occurrence of fungal species in AEZ* 

NGS 

(n = 6) 

SGS 

(n =4) 

DS 

(n = 24) 

HF 

(n = 22) 

SS 

(n = 8) 

Incidence 

(n=64)   

NGS 

(n = 6) 

SGS 

(n =4) 

DS 

(n = 24) 

HF 

(n = 22) 

SS 

(n = 8) 

A. flavus 2(22.22) 2(22.22) 8(20.51) 9(27.27) 3(16.67) 24 3.125 3.125 12.5 14.06 4.69 

A. fumigatus 2(22.22) 1(11.11) 5(12.82) 4(12.12) 2(11.11) 14 3.125 1.56 7.81 6.25 3.125 

A. parasiticus 1(11.11) 0(0.00) 7(17.95) 7(21.21) 3(16.67) 18 1.56 0.00 10.94 10.94 4.69 

A. niger 2(22.22) 2(22.22) 0(0.00) 0(0.00) 0(0.00) 04 3.125 3.125 0.00 0.00 0.00 

F. graminearum 0(0.00) 1(11.11) 3(7.69) 4(12.12) 3(16.67) 11 0.00 1.56 4.69 6.25 4.69 

F. culmorum 0(0.00) 1(11.11) 1(2.56) 4(12.12) 2(11.11) 08 0.00 1.56 1.56 6.25 3.125 

P. notatum 0(0.00) 0(0.00) 4(10.26) 2(6.06) 0(0.00) 06 0.00 0.00 6.25 3.125 0.00 

P. verrucosum 0(0.00) 2(22.22) 5(12.82) 2(6.06) 3(16.67) 12 0.00 3.125 7.81 3.125 4.69 

Mucor. Spp. 2(22.22) 0(0.00) 6(15.39) 1(3.03) 2(11.11) 11 3.125 0.00 9.38 1.56 6.38 

Total 09 09 39 33 18 108 14.06 14.06 60.94 51.56 31.39 

    *AEZ- Agro-ecological zones: (NGS)-Northern Guinea Savanna, (SGS)-Southern Guinea Savanna, (DS)-Derived Savanna, (HF)-Humid Forest and (SS)-Sudan Savanna. 
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         Table 4.2: Incidence and Level of Aflatoxins (µg/g) in lafun Samples from the Agro-Ecological zones in Nigeria. 

KEYS: Mean = Mean concentration; SEM = Standard Error of Means; AFB1 = Aflatoxin B1; AFB2 = Aflatoxin B2; AFG1 = Aflatoxin G1; AFG2 = Aflatoxin 

G2; AFT = Total Aflatoxins: (NGS)-Northern Guinea Savanna, (SGS)-Southern Guinea Savanna, (DS)-Derived Savanna, (HF)-Humid Forest and (SS)-Sudan 

Savanna; EU limit= European Union Maximum limits; N = Number of Samples;; n = Number of Positive Samples; % Cont. = Percentage Contamination; No. of 

Cont. sample above EU limit= Number of contaminated samples above EU limits. Values are in ± mean S.E. (S.E = Standard error of Mean) Values between 

experimental treatments Within Groups bearing the same superscript are not significantly different at the 5% level (P<0.05).                

Zone 

 
AFB1 AFB2 AFG1 AFG2 AFT 

N   

(n)  

% Cont. 

Mean(±)SEM  

(Range)          

EU limit          

(No. of Cont. sample 

above EU limit) 

N   

(n)  

% Cont. 

Mean(±)SEM 

(Range)          

EU limit          

(No. of Cont. sample 

above EU limit) 

N   

(n)  

% Cont. 

Mean(±)SEM 

(Range)          

EU limit          

(No. of Cont. sample 

above EU limit) 

N   

(n)  

% Cont. 

Mean(±)SEM 

(Range)          

EU limit          

(No. of Cont. sample 

above EU limit) 

N   

(n)  

% Cont. 

Mean(±)SEM 

(Range)          

EU limit          

(No. 0of Cont.  

sample above EU limit) 

NGS 6 

(5) 
83.3 

 

2.08±0.01a 

(0-6.81) 
2                        

(2) 

 

6   

(5)  
83.3 

 

2.63±0.07c 

(0-8.19)        
Na               

(Na) 

6   

(4)  
66.7 

 

48.79±0.03e 

(0-181.44)        
Na               

(Na) 

6  

(3)  
50.0 

 

42.94±0.04e 

(0-218.05)        
Na               

(Na) 

6   

(6)  
100 

 

96.67±0.06e 

(59.69-134.61)        
4               

(3) 

SGS 4  

(3)  

75.0 
 

4.36±0.05b 

(0-8.71)           

2                     
(3) 

 

4    

(2)    

50.0 
 

1.57±0.01a 

(0-4.77)                 

Na                
(Na) 

 

4    

(2)    

50.0 
 

10.91±0.05b 

(0-38.06)                 

Na                
(Na) 

 

4    

(2)    

50.0 
 

3.27±0.01a 

(0-10.30)                 

Na                
(Na) 

 

4    

(4)    

100 
 

20.57±0.47a 

(10.39-29.82)                 

4                
(2) 

 

DS 24 

(19) 
76.2 

 

13.60±0.02c 

(0-55.15)            
2                      

(17) 

24    

(18)  
75.0 

 

2.01±0.01b 

(0-9.21)        
Na              

(Na) 

24    

(16)  
66.7 

 

22.53±0.01d 

(0-125.30)        
Na              

(Na) 

24    

(14)  
58.3 

 

6.28±0.02c 

(0-24.25)        
Na              

(Na) 

24    

(24)  
100 

 

44.57±0.02d 

(0.45-106.14)        
4              

(11) 

HF 22 

(16)  
72.72 

 

4.46±0.01b 

 (0-36.26)         
2                     

(9) 

22    

(15)  
68.18 

 

2.15±0.02b 

(0-10.26)       
Na               

(Na) 

22    

(19)  
86.36 

 

19.59±0.02c  

(0-165.13)       
Na               

(Na) 

22    

(13)  
59.09 

 

3.90±0.07b 

(0-22.43)       
Na               

(Na) 

22    

(22)  
100 

 

30.60±0.43b 

(1.24-107.55)       
4              

(10) 

SS 8 

(6)  
75.0 

 

15.64±0.45d 

 (0-72.38)         
2                     

(5) 

8    

(6)  
75.0 

 

2.07±0.06b 

(0-5.29)       
Na               

(Na) 

8    

(4)  
50 

 

8.40±0.02a 

(0-40.03)       
Na               

(Na) 

8    

(5)  
62.5 

 

6.65±0.01d 

(0-19.81)       
Na               

(Na) 

8    

(8)  
100 

 

33.19±0.47c 

(11.11-74.64)       
4              

(4) 

Total 

sample 
64 

(49)  

76.56 

 

40.14±0.54  

(0-72.38) 

 2                 

(36) 

64  

(46)  

71.88 

 

10.43±0.17 

(0-10.26)                    

Na               

(Na) 

 

64 

(45)  

70.31 

110.22±0.13 

(0-181.44)                    

Na               

(Na) 

64 

(37)  

57.81 

 

63.04±0.15 

(0-218.05)                    

Na               

(Na) 

64  

(64)  

100 

 

225.6±1.45 

(0-19.74)                    

4               

(30) 
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Table 4.3: Estimated annual burden of Hepato-Cellular Carcinoma (HCC) cases and risk 

of HCC/year attributable to aflatoxin exposure from Lafun consumers in the Agro-

Ecological zones in Nigeria. 
Mycotoxins Mean 

Conc.  

(x103)  

Estimated 

daily Intake 

(EDI) 

Estimated Annual 

HCC (Per 100,000) 

Annual HCC cases 

(HBsAg Prevalence 

= 13.6%)  

(x103) 

HCC 

Risk/year 

(13.6%) 

(x105) 

Annual HCC cases 

(HBsAg Prevalence 

= 8.1%)  

(x103) 

HCC 

Risk/year 

(8.1%) 

(x105) 

(ng/kg) (ng/kg. 
bw/day) 

HBsAg 
+Ve 

HBsAg –
Ve 

HBsAg 
+Ve 

HBsAg       
-Ve 

 HBsAg 
+Ve 

HBsAg       
-Ve 

 

  Male 

(TP) 

Female 

Male 

(TP) 

Female 

Male 

(TP) 

Female 

Male 

(TP) 

Female 

Male 

(TP) 

Female 

 Male 

(TP) 

Female 

Male 

(TP) 

Female 

 

    

AFB1 8.01 54.19 

(55.47) 

56.81 

16.26 

(16.64) 

17.04 

0.54 

(0.55) 

0.57 

4.20 

(4.30) 

4.40 

0.89 

(0.91) 

0.93 

0.71 

(0.74) 

0.78 

2.50 

(2.56) 

2.62 

0.95 

(0.97) 

0.99 

0.42 

(0.44) 

0.46 

AFB2 2.12 14.37 

(14.70) 

15.06 

4.31 

(4.41) 

4.52 

0.14 

(0.15) 

0.15 

1.11 

(1.14) 

1.17 

0.24 

(0.24) 

0.25 

0.05 

(0.05) 

0.05 

0.66 

(0.68) 

0.70 

0.25 

(0.26) 

0.26 

0.03 

(0.03) 

0.03 

AFG1 22.05 149.14 

(152.65) 

156.33 

44.74 

(45.80) 

46.90 

1.49 

(1.53) 

1.56 

11.56 

(11.83) 

12.12 

2.45 

(2.51) 

2.57 

5.35 

(5.60) 

5.87 

6.89 

(7.05) 

7.22 

2.60 

(2.67) 

2.73 

3.18 

(3.34) 

3.50 

AFG2 12.62 85.38 

(87.39) 

89.49 

25.61 

(26.22) 

26.85 

0.85 

(0.87) 

0.89 

6.62 

(6.77) 

6.94 

1.40 

(1.43) 

1.47 

1.75 

(1.84) 

1.92 

3.94 

(4.03) 

4.13 

1.49 

(1.53) 

1.56 

1.04 

(1.09) 

1.15 

AFT 44.81 303.07 

(310.21) 

317.69 

90.92 

(93.06) 

95.31 

3.03 

(3.10) 

3.18 

23.50 

(24.05) 

24.63 

4.98 

(5.09) 

5.22 

22.07 

(23.13) 

24.25 

13.99 

(14.32) 

14.67 

5.29 

(5.42) 

5.55 

13.15 

(13.77) 

14.45 

Keys: AFB1 = Aflatoxin B1; AFB2 = Aflatoxin B2; AFG1 = Aflatoxin G1; AFG2 = Aflatoxin G2; AFT = Total 

aflatoxins; EDI = Estimated daily intake; HCC = Hepato-Cellular Carcinoma; HBsAg = Hepatitis B virus; 

TP = Total population 
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Table 4.4: Risk assessment of aflatoxin exposure in Nigerian Cassava Flour (Lafun) 
    AFT         AFG2           AFG1          AFB2                                           AFB1 

AEZ Mean 

Conc.  

(x103) 

(ng/kg) 

Estimated 

daily Intake 

(EDI) 
(ng/kg 

body 

weight/day) 

 Mean 

Conc.  

(x103) 

(ng/kg) 

Estimated 

daily Intake 

(EDI) 
(ng/kg 

body 

weight/day) 

 Mean 

Conc.  

(x103) 

(ng/kg) 

Estimated 

daily Intake 

(EDI) 
(ng/kg 

body 

weight/day) 

 Mean 

Conc.  

(x103) 

(ng/kg) 

Estimated 

daily Intake 

(EDI) 
(ng/kg 

body 

weight/day) 

 Mean 

Conc.  

(x103) 

(ng/kg) 

Estimated 

daily Intake 

(EDI) 
(ng/kg 

body 

weight/day) 

Estimated liver 

cancer risk 

(cases/100, 

000 

population/year) 

Cancer 

incidence 

attributable 

to dietary 

aflatoxin 

(%) 

DALY 

  Male 

(TP) 

Female 

  Male 

(TP) 

Female 

  Male 

(TP) 

Female 

  Male 

(TP) 

Female 

  Male 

(TP) 

Female 

Male 

(TP) 

Female 

Male 

(TP) 

Female 

Male 

(TP) 

Female 

SS 32.72 221.30 

(226.51) 

216.96 

 6.65 44.97 

(46.03) 

44.09 

 8.39 56.73 

(58.07) 

55.62 

 2.00 13.54 

(13.85) 

13.27 

 15.68 106.06 

(108.56) 

103.98 

31.82 

(32.57) 

31.19 

489.54 

(501.08) 

434.62 

415.25 

(425.04) 

407.03 

NGS 96.61 653.41 

(668.79) 

640.60 

 42.91 290.23 

(297.07) 

284.54 

 48.81 330.14 

(337.92) 

323.67 

 2.78 18.83 

(19.28) 

18.46 

 2.10 14.20 

(14.53) 

13.92 

4.26 

(4.36) 

4.18 

65.54 

(67.08) 

64.31 

55.59 

(56.90) 

54.55 

DS  44.55 301.31 

(308.41) 

295.41 

 6.32 42.74 

(43.75) 

41.91 

 22.53 152.35 

(155.93) 

149.36 

 2.08 14.06 

(14.39) 

13.79 

 13.63 92.16 

(94.33) 

90.35 

27.65 

(28.30) 

27.11 

425.39 

(435.39) 

417.08 

360.83 

(369.32) 

353.79 

SGS 20.17 135.98 

(139.18) 

133.31 

 3.26 22.05 

(22.57) 

21.62 

 10.96 74.13 

(75.87) 

72.67 

 1.58 10.70 

(10.95) 

10.49 

 4.30 29.10 

(29.78) 

28.53 

8.73 

(8.93) 

8.56 

134.31 

(137.39) 

131.69 

113.93 

(116.54) 

111.71 

HF 26.72 180.70 

(184.95) 

177.15 

 3.98 26.89 

(27.52) 

26.36 

 19.57 132.34 

(135.46) 

129.75 

 2.17 14.70 

(15.04) 

14.41 

 4.45 30.13 

(30.83) 

29.53 

9.04 

(9.25) 

8.86 

139.08 

(142.31) 

136.31 

117.97 

(120.71) 

115.62 

National 224.05 1515.4 

(1551.1) 

1588.5 

 63.12 426.88 

(436.94) 

447.47 

 110.25 745.69 

(763.25) 

781.65 

 10.62 71.83 

(73.52) 

75.29 

 40.06 270.97 

(277.35) 

284.04 

131.19 

(134.28) 

128.62 

2,018.3 

(2,065.9) 

1,978.8 

1,712.0 

(1,752.4) 

1,678.5 

Keys: SS- Sudan Savanna, NGS- Northern Guinea Savanna, SGS- Southern Guinea Savanna, DS- derived Savanna, HF- humid forest, TP- Total population, AFB1- Aflatoxin B1; AFB2-

Aflatoxin B2; AFG1- Aflatoxin G1; AFG2- Aflatoxin G2; AFT- Total aflatoxins; EDI- Estimated daily intake 
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4.2 Discussion of Results 

4.2.1 Fungal occurrence (load and incidence) in lafun and their implications 

As a result of the huge risks connected with consuming contaminated foods, food safety 

remains a global concern. Local cassava flour (lafun) sourced from major markets in 

Nigeria's climatically diverse agro-ecological zones was examined for mycological 

profile and aflatoxin concentration in this study. The selected samples were grown on 

suitable conditions using standard mycological procedures to isolate/characterize fungus 

and evaluate aflatoxin concentration using commercial HPLC methods. The results of 

fungal counts on the cassava flour samples indicated a very diversified and variable 

pattern of fungal infection. With values representing mean of fungal counts from three 

replicates, the total fungal count ranged from 4.0x104 cfu/g to 10.64x104 cfu/g in the 

cassava flour (lafun) across the zones. The cassava flour was most contaminated in lafun 

sample at Bayelsa (20.75x104 cfu/g), Kebbi (20.25x104 cfu/g), all having no significant 

difference (p>0.05) across the zones. Okunlola and Folorunso (2015) discovered in their 

study that the higher fungal counts observed in the Humid forest states may be attributable 

to the higher occurrence of rainfall in these zones compared to the Southern Guinea and 

Derived savannah zones, which may have encouraged proliferation of fungi associated 

with stored foods, and the highly significant difference in counts for local cassava flour 

may be due to differences in local processing of the pellets into flour, as well as 

differences in environmental factors and contamination from equipment (Essono et al., 

2019).  

The fungi isolated from all the food products analyzed across the five agro-ecological of 

zones of Nigeria were identified as Aspergillus Flavus, Aspergillus niger, Aspergillus 

parasiticus, Aspergillus fumigatus, Penicillium notatum, Penicillium verrucosum, 

Fusarium graminearum, Fusarium culmorum and Mucor spp. Aspergillus sp showed a 
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unique pattern of distribution with a total incidence of (55.6%) across the zones and 

having highest occurrence in Bauchi (NGS zone), being present in all the cassava products 

analyzed. The incidence distribution of A. flavus analyzed across the agroecological 

zones was (40%) % in lafun sample and the organism occurred in almost all samples. 

Fusarium had percentage occurrence as (17.59%) with highest incidence from SS zone, 

being isolated from all the cassava products, though was completely absent with (0.00%) 

occurrence from lafun in the in Gombe, Kaduna and Bauchi in the NGS zone. Penicillium 

had percentage occurrence as (16.67%) consistently had a low distribution across the 

zones but also absent with (0.00%) occurrence from lafun in the NGS zone while Mucor 

spp. occurred as an uncommon contaminant across the zones though NGS (Adamawa and 

Niger) was the only zone without any occurrence of this organism.  

The distribution of Aspergillus species, has been reported to significantly influence 

aflatoxin contamination of food products and these were observed to be more prevalent 

in the southern zones of Nigeria (Atehnkeng et al., 2018a). In this work, the occurrence 

of Aspergillus flavus in the cassava flour analyzed does not however imply a 

corresponding occurrence of aflatoxin contamination, though circumstances that favor 

mold growth may also favor aflatoxin production but mold growth may occur with little 

or no mycotoxin production (Muthomi et al., 2017). The specific strains of the Aspergillus 

species especially A. flavus are more important in influencing the level of aflatoxins, 

rather than counts or general fungal diversity. The S strains as compared to the L strains, 

produce high amount of toxins hence their presence may signify possible high rate of 

aflatoxin contamination. The predominance of L strains of A. flavus from Aspergillus 

species in soil and maize grain samples from Nigeria has been reported in the work of 

Atehnkeng et al. (2018b).  
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4.2.2 Aflatoxin contamination in lafun and their implications 

Aflatoxins are internationally recognized as highly toxic carcinogens that contaminate 

crops worldwide (Perrone et al., 2014). In this research, the local cassava flour (lafun) 

was assayed for the total aflatoxin content and concentration of four aflatoxin types 

(AFBI, AFB2, AFG1 and AFG2) from five agro-ecological zones in Nigeria with values 

illustrated in Table 4.2. The results showed that all (100%) the flour samples were 

contaminated with aflatoxin. The lafun samples were observed to be more susceptible to 

aflatoxin G1 contamination having (22.05 ng/g) and an Estimated daily Intake (EDI) of 

(152.65 ng/kg. bw/day) than other aflatoxins, probably due to the crude processing and 

lack of Good Manufacturing Practices (GMP) during the conversion of cassava to local 

flour. The least aflatoxin contamination was with B2 from the cassava flour having (2.12 

ng/g) and an Estimated daily Intake (EDI) of (14.70 ng/kg. bw/day). The levels of total 

aflatoxin B2 in the flour sample was below the maximum allowable limits (4 ng/kg) 

specified by the European Commission (ASEAN, 2011), which is also currently being 

used by the National Agency for Food and Drug Administration and Control (NAFDAC), 

in Nigeria. This observation agrees with the findings from other studies (Adebayo-Tayo 

et al., 2006; Romagnoli et al., 2007; Russell and Peterson, 2007). Ediage et al. (2011) 

observed that 8 ng/kg of aflatoxin B2 was present in cassava flour from the Republic of 

Benin.  The results suggest that processed cassava products in Nigeria are safe with 

respect to the regulated aflatoxin. However, levels of total aflatoxins (44.81 ng/g) in this 

study above the allowable limits level found in the present study have also been reported 

in some foodstuffs (Zinedine et al., 2016). 

The level of aflatoxin B1 found in the lafun of the present study was higher compared to 

the values (4 ng/kg) reported by Ediage et al. (2011) for cassava flour from the Republic 

of Benin. Many survey studies carried out in Nigeria have revealed that mycotoxin 
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contamination of food is a nation-wide problem. Ibeh et al. (1991). Ezekiel et al. (2018),  

and Adetunji et al. (2019) showed that garri, yam flour, cassava flour, rice and bean, 

melon; foodstuffs which are consumed across the country had aflatoxin contamination of 

30%, 50%, 40%, 10%, and 20% respectively. Highly significant difference (p<0.05) in 

aflatoxin contamination was recorded in the various cassava flour across the zones which 

may have been due to climatic, processing and storage variations in the zones (Kaaya & 

Eboku, 2016). Rainfall is an important climatic factor that has been reported to influence 

fungal proliferation and increase aflatoxin content of food products (Cotty and Jaime, 

2017). The mean annual rainfall in Nigeria agro-ecological zones showed an ordering 

from highest to the least to be HF, DS, SGS, NGS and SS with about 53% of total rainfall 

in Nigeria accounted for by HF zone of the country (Okunlola and Folorunso, 2015).  

Aflatoxin content of the lafun analyzed were higher DS than the SGS but their increase 

was not statistically significant (p<0.05). This observations in this research was further 

supported by previous study by Okunlola and Folorunso, (2015), that higher fungal counts 

and aflatoxin contamination may be observed in the DS zones due to higher amount of 

rainfall probably as a result of increase in moisture content of the products, especially 

during storage (Pleadin et al., 2019). In Nigeria, the southern zones are known to store 

food products much longer than the northern zones which are the agricultural factories of 

the nation. Several efforts by national government of nations, non-governmental 

organizations and individuals, to eliminate its occurrence in food products have proved 

inadequate. 

4.2.3 Exposure, risk assessment and annual burden and hcc/year attributable 

 to lafun consumption in agro-ecological zones in Nigeria 

The information derived from the questionnaire shows that the average daily consumption 

of lafun in form of the prepared dough for swallow in all the AEZs is 426.3 g/day. While 
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the mean weight of the sampled population was 61.58kg, the women weighed higher than 

their male counterparts with average weights of 64.29 and 63.03 kg respectively. The 

respondents who mostly had secondary school education or below were absolutely 

ignorant of the present of aflatoxins in the lafun.  

Table 4.3 summarizes the exposure and risk characterization of the aflatoxins evaluated 

in adults within the AEZ study areas. In all cases AFG1 recorded the highest average 

Estimated daily Intake (EDI) of (152.65 ng/kg bw/day), followed by AFG2 (87.39 ng/kg 

bw/day) and the least EDI was recorded at (14.70 μg/kg bw/day) for AFB1 in the total 

population of the AEZs. According to American Cancer Society (2011), even EDI level 

as low as 0.001 μg/kg bw/day may induce liver cancer hence, the levels of AFT in food 

should be As Low As Reasonable Achievable (ALARA) (EFSA, “European Food Safety 

Authority”, 2007). The risk of HCC was estimated based on two prevalence rates as 

presented in Table 4.3. The result shows the annual burden of HCC cases in AEZs, 

indicating different population groups that are susceptible to risk for cancer due to 

aflatoxins exposure from Lafun consumption. The liver cancer risk for AFB1 (being the 

most potent of aflatoxins) was observed to be the highest among the overall population 

groups. Based on the results, an estimated annual HCC cases of 16.64 and 93.06 per 

100,000 persons is anticipated due to consumption of AFB1 and AFT respectively in 

Lafun consumption in Nigeria. At 13.6% HBsAg prevalence rate, an estimated 74, 000 

and 2,313, 000 new HCC cases are likely to occur annually in the over 190 million 

population of Nigeria due to AFB1 and AFT in the Lafun, but if the HBsAg prevalence is 

assumed to be 8.1%, the figures will be 44, 000 and 1,377, 000 cases respectively. The 

estimated HCC cases due to aflatoxins are higher in males than in females and obviously 

also higher in HBsAg+ than in HBsAg- populations.  
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Table 4.4 shows the exposure risk estimate of Lafun consumers to Aflatoxins across the 

AEZs. The mean exposure estimates of the total population of Lafun consumers to total 

aflatoxins (AFT) significantly (p < 0.05) increased from the SGS zone (130.18 ng/kg bw/ 

day) to the NGS zone (688.79 ng/kg bw/day), while the mean exposure estimate for AFG2 

was highest in the NGS zone (297.07 ng/kg bw/day) and significantly (p < 0.05) decreased 

downwards to the SGS zone (22.57 ng/kg bw/ day). The mean exposure estimate for 

AFG1 was highest in the NGS zone (337.92 ng/kg bw/day), and the exposure risk also 

significantly (p < 0.05) decreased to (58.07 ng/kg bw/day) the SS zone. AFB2 was also 

highest in the NGS zone (19.28 ng/kg bw/day) and significantly (p < 0.05) reduced to 

(10.95 ng/kg bw/ day) in the SGS zone. As with aflatoxin exposure, the NGS zone had 

the highest mean exposure estimate for AFG1, AFG2 and AFB2 than the all the zones. 

The table shows that consumers of Lafun in the NGS zone are exposed to high risk of 

AFG1, AFG2 and AFB2 contamination in their diets. AFG1 contamination had the 

highest mean national exposure estimate of (763.25 ng/kg bw/ day) and AFB2 exposure 

of (73.52 ng/kg bw/ day) was detected least in mean national exposure estimate.  

In addition, the central exposure estimates of Lafun consumers to dietary AFB1 (Table 

4.4) ranged between (29.78–108.56 ng/kg bodyweight/day) with the least and the 

maximum exposure in the NGS and SS zones respectively. The range of the estimated 

national liver cancer risk attributable to aflatoxin AFB1 contamination of Lafun 

consumed in all the AEZs in Nigeria was between (4.36 and 32.57 cases/100,000 

population/year) with a maximum case of (32.57 cases/100,000 population/year) in the 

SS zone and was followed by the DS zone (28.30 cases/100,000 population/year), 

respectively. The cancer incidence attributable to dietary aflatoxins AFB1 was also 

maximum in the SS zone (501.08 %) and was followed by the DS zone (435.39 %), 

respectively, while it was minimal in the NGS zone (68.08 %). More also, the national 
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cancer incidence attributable to dietary aflatoxins AFB1 was (2,065.9 %). Furthermore, 

the range of estimated healthy life years lost due to death or disability caused by ingestion 

of aflatoxins AFB1 (DALY) in the contaminated Lafun samples was between 56.90 and 

425.04 with maximum value of (425.04) in the SS zone and was followed by DS zone 

(369.32), respectively. Finally, the estimated cancer in all the AEZs cases due to 

aflatoxins contaminations are higher in females than in males. Based on the results of this 

study, about 2,313, 000 cases of HCC annually are anticipated from intake of aflatoxins 

in lafun in Nigeria. Intake of such doses of aflatoxin could increase still-births and 

neonatal mortality, immunosuppression with increased susceptibly to infectious diseases 

such as pneumonia, stunted growth and HIV/AIDS (Smith et al., 2017; McMillan et al., 

2018).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 



75 
 

CHAPTER FIVE 

5.0       CONCLUSION AND RECOMMENDATIONS  

5.1 Conclusion  

This study found that the NGS zones of Nigeria had greater fungal counts, the presence 

of potentially toxic Aspergillus species, and aflatoxin contamination in cassava flour 

(lafun) than other zones. Given the negative impact of aflatoxin on agriculture and other 

associated industries, as well as consumer health, special interventions targeting the 

unique nature of Nigeria's different agroecological zones are required to supplement 

ongoing control measures in the country in order to effectively reduce and eventually 

eliminate aflatoxin occurrence on indigenous food and feed. Data from this work shows 

that in Nigeria, only a tragic 43.75% of cassava products examined are below the EU 

standard. This has high economic consequences. Because of the frequency of 

consumption of lafun in Nigeria, the 56.25% of cassava flour having higher limit than EU 

standard, is expected to have serious health hazards due to consistent moderate exposures 

of consumers to the deadly toxin. 

5.2 Recommendations  

i. In light of the high rate of unwholesome cassava flour found in this work and 

considering the public health and economic implications of aflatoxins, there is the 

need to deploy effective and cost effective mycotoxin mitigation strategies along 

the food value chains, not for cassava flour alone but all agricultural produce that 

meet domestic and market values.  

ii. Public enlightenment of farmers and traders on mycotoxins, and enforcement of 

regulatory limits on both local and imported products in order to reduce the 

hazards of mycotoxins are necessary.  
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iii. Researches to elucidate the presence and toxicological effects of other mycotoxins 

that were not accessed in this study should be carried out in order to also 

understand their public health risks.  

iv. The outcome of such investigation will surely influence establishing maximum 

limits that will take cognizance of co-occurrence of mycotoxins.  

v. It is also appropriate to conduct longitudinal follow up studies to determine the 

association between dietary mycotoxin exposure and health/disease outcomes in 

African communities.  

vi. In addition, research should be carried out to discover proper organic and 

environmental friendly packaging that could help in the proper storage and 

preservation of cassava flour and other food product susceptible to mycotoxin 

infestation. 

5.3 Contribution of Research to Knowledge 

The study determined the presence of fungi and Aflatoxins in cassava flour produced and 

consumed in some selected agro-ecological zones of Nigeria. A total of 108 fungal 

isolates belonging to four genera: Aspergillus (n = 60), Fusarium (n = 19), Penicillium (n 

= 18) and Mucor. Spp (n = 11) were isolated from the lafun samples. The percentage 

population of Aspergillus was found to be (55.56%), while that of Fusarium, Penicillium 

and Mucor. Spp were found to be (17.59%), (16.67%) and (10.19%) respectively.The  

study indicated that 57.58 % of the total cassava flour samples that tested positive to 

AflatoxinB1 (AFB1) exceeded the 2 µg/kg maximum regulatory limit set by European 

Union.The average total aflatoxin concentration (AFT) in lafun across the five agro-

ecological zones is presented in decreasing order as follows: NGS zone (96.67±0.06e 

ng/g), > DS zone (44.57±0.02d ng/g) > SS zone (33.19±0.47c ng/g) > HF zone 

(30.60±0.43b ng/g) > SGS zone (20.57±0.47a ng/g). Aflatoxin B1 was found in Lafun 
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samples from all the AEZs, and the average concentration ranges from 2.08±0.01a ng/g 

in the (NGS) to 15.64±0.45d ng/g in the (SS) zones, while that of Aflatoxin B2 ranges 

from 1.57±0.01a ng/g in the (SGS) to 2.63±0.07c μg/g in the (NGS) zones. 

 The research has also contributed in providing data for the health implication from the 

estimated dietary exposure of the study sample. A total of 2,313,000 hepatocellular 

carcinoma (HCC) cases annually are anticipated across the country  with respect to the 

dietary exposure of the public to the contaminated study samples  across various states in 

Nigeria. In light of the high rate of unwholesome cassava flour found in this work and 

considering the public health and economic implications of aflatoxins, this work thus 

provides basis for further research to be carried out to elucidate the presence and 

toxicological effects of other mycotoxins that were not accessed in this study in order to 

also understand their public health risks. The outcome of such investigation will surely 

influence establishing maximum limits that will take cognizance of co-occurrence of 

mycotoxins in cassava flour. 
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