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Abstract 

Aflatoxin B1 (AFB1) is a genotoxic and carcinogenic mycotoxin produced mainly by Aspergillus flavus, A. parasiticus and A. 

nomius, moulds that contaminate cereals, including maize (Zea mays L.), which is widely consumed in Benin. The aim of this 

study was to assess the level of dietary exposure to AFB1 in maize sold and consumed in the municipality of Cotonou. Thirty-

eight samples of maize grain collected from markets in Cotonou were analysed by high-performance liquid chromatography with 

fluorescence detection. AFB1 dietary exposure was estimated based on the measured concentrations and maize consumption 

data. The results of the analyses show a wide range of AFB1 contamination levels in the samples, ranging from 1 to 104 µg/kg. 

Of the samples analysed, 81.57% had levels exceeding the regulatory limit set for AFB1. Average maize consumption was 

estimated at 136.22 kg/person/year, or 0.37 kg/person/day. AFB1 daily exposure was estimated to 0.07 µg/kg body weight/day. 

These results reveal high levels of AFB1 contamination in maize in the municipality of Cotonou and highlight chronic dietary 

exposure that may pose a health risk to consumers. Strengthening measures for monitoring, quality control and post-harvest 

management of maize appears necessary in order to reduce the population’s exposure to this mycotoxin. 
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1. Introduction 

Maize (Zea mays L.) is one of the most widely produced 

and consumed cereals in the world and constitutes a staple 

food for populations in sub-Saharan Africa [1]. In Benin, it 

plays a predominant role in the dietary habits of several re-

gions. Often poorly preserved, it constitutes a potential source 

of exposure to food contaminants. 
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Aflatoxins are mycotoxins produced by certain fungal spe-

cies and capable of contaminating cereals before or after har-

vest [2]. Aflatoxin B1 (AFB1), mainly produced by Aspergil-

lus flavus and A. parasiticus, is the most abundant and the 

most toxic of the aflatoxins [3]. Its presence is favoured by hot 

and humid climatic conditions, as well as by inadequate prac-

tices in the harvesting, drying and storage of cereal grains. 

AFB1 contamination of maize is a major public health chal-

lenge in Africa. Indeed, several studies have highlighted high 

levels of AFB1 in marketed cereals, thereby exposing the pop-

ulation to this mycotoxin [4, 5]. Chronic exposure to AFB1 

represents a major public health concern. Following ingestion, 

this mycotoxin is metabolised in the liver into a highly reac-

tive epoxide capable of forming adducts with DNA, inducing 

genetic mutations and genotoxic effects that may trigger a car-

cinogenic process [6]. 

Beyond its health implications, aflatoxin contamination of 

maize also poses a major economic challenge [7]. Regulatory 

requirements applied in national and international markets 

lead to the rejection of contaminated batches, resulting in sig-

nificant economic losses and restricting trade in agricultural 

products [4]. Aflatoxins thus pose a dual threat to public health 

and the competitiveness of the cereal sectors. 

In this context, assessing dietary exposure to AFB1 through 

maize consumption appears essential to characterise the gen-

otoxic risk to which populations are exposed and to provide 

scientific data useful for the implementation of prevention and 

risk management strategies. 

2. Materials and Methods 

2.1. Study Area 

The study was conducted in the municipality of Cotonou, 

located in southern Benin. Covering an area of approximately 

79 km², it is the most densely populated. Economic capital of 

Benin, this municipality has a population of over 670.000, 

spread across thirteen districts [8]. The municipality of Coto-

nou is the main national hub for the marketing of foodstuffs. 

The markets in this municipality are supplied daily with maize 

from Benin’s main production areas, as well as from other 

West- African countries. Owing to its strategic role in the mar-

keting of cereals, this locality is a particularly relevant area for 

assessing consumer exposure to chemical contaminants of 

fungal origin, notably AFB1. 

The municipality of Cotonou is characterised by a sub-

equatorial climate marked by two rainy seasons alternating 

with two dry seasons. Average annual temperatures range be-

tween 25 and 30 °C, whilst relative humidity generally re-

mains above 80% for much of the year [8]. Owing to the im-

portance of maize in the diet and the conditions favourable to 

the growth of toxin-producing moulds in the municipality of 

Cotonou, the latter was selected to assess maize contamination 

by aflatoxin B1 and the population’s dietary exposure. 

2.2. Dietary Survey 

The maize consumption data used to assess exposure to afla-

toxin B1 were obtained from a household survey conducted in 

the municipality of Cotonou between June and August 2021. The 

aim of this survey was to characterise maize consumption pat-

terns. Particular attention was paid to the ways in which maize is 

acquired, preserved and stored. Data were collected from heads 

of households through semi-structured interviews conducted 

door-to-door using a digital questionnaire administered via the 

KoBoCollect app. A total of 714 households were surveyed in the 

municipality of Cotonou, following a sampling plan based on the 

Schwartz method [9]. The information gathered covered the fre-

quency of maize consumption, the quantities consumed, and the 

methods of procurement and preservation. 

2.3. Maize Grains Sampling 

Thirty-eight samples of maize intended for human con-

sumption were collected in the municipality of Cotonou in ac-

cordance with Regulation (EU) No 178/2010 on the methods 

of sampling and analysis used for the official control of my-

cotoxins in foodstuffs (Table 1). 

Table 1. Sampling plan for maize grains. 

Foodstuff sampled Sampling location Quantity (g) Number of sample (n) 

Maize grains 

Zongo Ehuzu 1000 2 

Jonquet 1000 2 

Gbeto 1000 2 

Missèbo 1000 3 

Gbediga 1000 3 

Houéyiho 1000 2 

Gbégamey 2 1000 3 

http://www.sciencepg.com/journal/jfns


Journal of Food and Nutrition Sciences http://www.sciencepg.com/journal/jfns 

 

337 

Foodstuff sampled Sampling location Quantity (g) Number of sample (n) 

Vodjè Centre 1000 2 

Cadjehoun 1 1000 2 

Cadjehoun 2 1000 3 

Fidjrossè Centre 1000 2 

Aibatin 1 1000 2 

Agla Centre 1000 3 

Aibatin 2 1000 2 

Gbédégbé 1000 3 

Missité 1000 2 

Total 16.000 38 

2.4. Aflatoxin B1 Analysis 

The determination of aflatoxin B1 (AFB1) was carried out in accordance with standard EN ISO 16050: 2011. The analytical 

performance of the method, including the limits of detection and quantification, trueness, precision and recovery rate, are pre-

sented in Table 2. Following extraction and purification on an immunoaffinity column, AFB1 was quantified by high perfor-

mance liquid chromatography (HPLC) with fluorometric detection. 

Table 2. Method validation conditions. 

 
Limit of Detection 

(μg/kg) 

Quantification limit 

(μg/kg) 
Accuracy (%) 

Repeatability 

(%) 

Recovery rate 

(%) 

Standard devia-

tion (%) 

AFB1 0.00564 0.0188 6.01 1.80 93 3.01 

Crite-

ria 
  

Must be less 

than 6% 

Must be less 

than 6% 
80 ≤ TR < 120 

Must be less 

than10% 

 

2.5. Assessment of Dietary Exposure 

Dietary exposure to AFB1 was estimated based on the con-

centrations measured in maize samples and dietary intake data 

from the household survey. The Estimated Daily Intake (EDI) 

was calculated using the following equation [10]: 

𝐸𝐽𝐸 =
𝐶×𝑄

𝑃
  

where C represents the concentration of AFB1 in maize 

(µg/kg), Q the average daily intake of maize (kg/day), P the 

average reference body weight (kg). 

2.6. Statistical Analysis of the Data 

Statistical analyses were carried out using Python 3.12 and 

the SciPy library. The data were first recoded in Microsoft Ex-

cel 2021 (Microsoft Corp., Redmond, WA, USA). 

3. Results 

3.1. Maize Consumption Habits 

Data from the household survey enabled us to estimate the 

frequency and quantities of maize consumption per day and 

per person in the municipality of Cotonou. Analysis of the Ta-

ble 3 shows that over 99% of the population in the municipal-

ity of Cotonou consumes maize. Furthermore, Table 4 shows 

an estimated average maize consumption of 136.22 kg/per-

son/year, corresponding to an average daily consumption of 

0.373 kg/person/day. 
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Table 3. Maize consumption in Cotonou. 

Cereal Affirmative Negative Total H0 H1 P-value Conclusion 

Maize and its derivatives 345 0 345 99% or more Less than 99% 1.000 H0 validated 

 

3.2. Aflatoxin B1 Levels in Maize 

The AFB1 concentrations observed in the maize samples an-

alysed are presented in Table 4. AFB1 levels ranged from 1 to 

104 µg/kg, with a mean concentration of 21.27 µg/kg and a me-

dian of 12.1 µg/kg. 81.6% of samples had levels exceeding the 

maximum limit of 2 µg/kg set for AFB1 by Regulation (EU) 

2023/915 in cereals intended for human consumption (Table 4). 

Table 4. Mean and median aflatoxin B1 levels in maize. 

 Minimum (µg/kg) Maximum (µg/kg) Mean (µg/kg) Median (µg/kg) Total 

Maize 1 104 21.27 12.1 38 

 

3.3. Level of Dietary Exposure to Aflatoxin B1 

in Maize 

Dietary exposure to AFB1 was estimated based on the me-

dian concentration observed in maize samples and the average 

daily maize consumption of the population in the municipality 

of Cotonou. The parameters used to estimate dietary exposure 

are presented in Table 5. The median AFB1 concentration used 

for the calculation was 12.1 µg/kg, whilst the average maize 

consumption was estimated at 136.22 kg/person/year, or 0.373 

kg/person/day. The estimated daily exposure to AFB1 was cal-

culated as 0.07 µg/kg body weight/day. 

Table 5. Exposure to aflatoxin B1 in the municipality of Cotonou. 

Product 
Median AFB1 concentration 

(µg/kg) 

Average quantity consumed 

per person per year (kg/year) 

Average quantity consumed 

per person per day (kg/day) 
Daily exposure 

Maize 12.1 136.22 0.37 0.07 

 

4. Discussion 

Maize is one of the main cereals consumed in Benin and 

forms an essential part of the daily diet of households in the 

municipality of Cotonou. The results of the dietary survey re-

vealed an average consumption of 136.22 kg/person/year, or 

0.373 kg/person/day, confirming the importance of this cereal 

in local dietary habits. This high consumption is consistent 

with national data indicating that maize forms the basis of 

many traditional Beninese dishes and is one of the main 

sources of energy intake for the population [8-11]. In this con-

text, even moderate levels of contamination can lead to signif-

icant chronic exposure to mycotoxins among consumers. 

The analyses carried out in this study revealed significant 

contamination of maize samples with AFB1. The concentra-

tions observed ranged from 1 to 104 µg/kg, with a median 

concentration of 12.1 µg/kg. Furthermore, 81.6% of the sam-

ples had levels exceeding the maximum limit of 2 µg/kg set 

by Regulation (EU) 2023/915 for cereals intended for human 

consumption. These results confirm that maize remains one of 

the main foodstuffs at risk of aflatoxin contamination in trop-

ical regions [12]. 

The results obtained are consistent with those reported in 

several sub-Saharan African countries, where maize is both a 

staple food and a major source of aflatoxin exposure. In Kenya, 

[13] reported the presence of aflatoxins in 97% of the maize 

flour samples analysed, 16% of which exceeded the national 
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regulatory limit of 10 ppb. Similarly, [14] observed contami-

nation rates in Kenya and Tanzania ranging from 0 to 100% 

depending on the regions studied, with concentrations reach-

ing as high as 6.075 µg/kg in some maize samples. These find-

ings confirm the extent of aflatoxin contamination in maize 

across sub-Saharan Africa and highlight the significant influ-

ence of agro-ecological conditions on the occurrence of this 

contamination. 

The high levels of contamination observed in this study can 

be attributed to several factors. In Benin’s tropical climate, 

high temperatures and high humidity favour the growth of As-

pergillus flavus and A. parasiticus, the main producers of af-

latoxin B1. In addition to these environmental factors, post-

harvest practices are often poorly managed, notably incom-

plete drying of the grains, unsuitable storage conditions, inad-

equate ventilation in storage facilities and prolonged periods 

of storage. Multiple handling stages during marketing can also 

contribute to increased contamination. These factors have 

been identified as major determinants of aflatoxin accumula-

tion in maize throughout the value chain [12]. 

The estimated daily exposure to AFB1 was calculated at 

0.07 µg/kg body weight/day, indicating chronic consumer ex-

posure to this mycotoxin. Due to its genotoxic and carcino-

genic nature, no tolerable daily intake has been established for 

AFB1 by international risk assessment bodies. The currently 

recommended approach is based on the ALARA (As Low As 

Reasonably Achievable) principle, which advocates keeping 

exposure as low as reasonably possible [15]. 

The potential health consequences of this exposure are a 

cause for concern. Following ingestion, AFB1 is metabolised 

in the liver to aflatoxin B1-8, 9-epoxide, a highly reactive me-

tabolite capable of forming adducts with DNA and inducing 

genetic mutations. Chronic exposure is associated with an in-

creased risk of hepatocellular carcinoma, particularly in indi-

viduals who are chronic carriers of the hepatitis B virus, in 

whom a synergistic effect between viral infection and AFB1 

has been widely demonstrated. Recent health risk assessments 

also highlight that maize is among the foodstuffs contributing 

most significantly to dietary exposure to AFB1 in tropical re-

gions [15, 16]. 

Beyond its health implications, this contamination also rep-

resents a significant economic challenge. Frequent exceed-

ances of regulatory limits can lead to the withdrawal or rejec-

tion of maize consignments from national and international 

markets, reducing the competitiveness of the cereal sectors 

and affecting the incomes of producers and traders. Strength-

ening good agricultural practices, improving drying and stor-

age techniques, and implementing regular monitoring pro-

grammes appear essential to reduce maize contamination and 

limit population exposure to aflatoxin B1 [12]. 

This study does, however, have certain limitations. Sam-

pling was carried out solely in the Littoral department and 

does not cover the whole of the country. Furthermore, the ex-

posure assessment is based on the concentrations measured in 

maize and does not take into account cumulative exposure 

from other foods that may contain aflatoxins. Despite these 

limitations, this study provides up-to-date data on the contam-

ination of maize and dietary exposure to AFB1 in Benin, and 

helps to strengthen the knowledge required for the manage-

ment of health risks associated with mycotoxins. 

5. Conclusions 

This study has documented the contamination of maize sold 

in the municipality of Cotonou with AFB1 and assessed con-

sumers’ dietary exposure to this mycotoxin. The results reveal 

a high prevalence of contamination, with concentrations rang-

ing from 1 to 104 µg/kg and a high proportion of samples ex-

ceeding the maximum regulatory limit set for cereals intended 

for human consumption. The high consumption of maize ob-

served in the study population results in chronic exposure to 

AFB1, which is likely to constitute a public health concern. 

These results confirm that maize represents a significant 

source of dietary exposure to aflatoxins and highlight the need 

to strengthen measures to control contamination throughout 

the production, storage and marketing chain. Improvements in 

post-harvest practices, combined with the implementation of 

regular monitoring programmes, appear essential to reduce 

population exposure and improve food safety. This study pro-

vides recent data on maize contamination and dietary expo-

sure to AFB1 in Benin. 
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