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Meat comprises animal tissue, skeletal muscle, and 

associated fats consumed as food. It contains pro-

teins (with all essential amino acids), vitamins (A, 

B12, B6, D, and E), and minerals (iron and zinc), 

which are very important for human growth and 

well-being [1]. Meat composition encourages the 

growth of microorganisms and may predispose the 

meat to contamination if appropriate measures are 

not observed [2,3]. Contamination of meat and 

meat products is readily caused by a variety of bi-

ological, chemical, and physical factors, and occa-

sionally by mycotoxins [4,5]. Aflatoxins are one of 

the most potent and prevalent mycotoxins, primar-

ily produced by Aspergillus flavus and Aspergillus 

parasiticus. Aflatoxin contamination of meat may 

compromise its nutritional benefits and thereby ad-

versely affect the health and nutritional status of 

 

 

 

mailto:muslimah1432@yahoo.com
https://dx.doi.org/10.4314/njns.v47i2.15


 

both human and animal consumers. Aflatoxins are 

known for their carcinogenic, mutagenic, and im-

munosuppressive properties, making their pres-

ence in food products a major public health con-

cern worldwide. Among the naturally occurring af-

latoxins, aflatoxin B1 is the most toxic due to suffi-

cient evidence of its carcinogenicity in humans, 

particularly its association with hepatocellular car-

cinoma [6]. In Nigeria, particularly in a region like 

Minna Metropolis, the consumption of contami-

nated foodstuffs such as raw meat may serve as a 

potential pathway for aflatoxin exposure. Despite 

the critical health implications, limited data exist 

regarding the prevalence of aflatoxins in meat 

products in this area. This study aims to profile the 

levels of aflatoxins in raw meat samples from 

Minna Metropolis and assess the associated public 

health risks. Understanding these profiles is essen-

tial for developing effective intervention strategies 

to safeguard public health and ensure food safety 

standards are maintained. 

The study was carried out in six different abattoirs 

within Minna metropolis, which is the capital city of 

Niger State, Nigeria. Niger State is located in the 

North-central geo-political zone of Nigeria. It is lo-

cated at latitude 10o00N and longitude 6o01N. 

Having a Human population of about 4.2 million 

people [7].  The state has an estimated cattle pop-

ulation of about 2.4 million, 1.8 million sheep and 

2.1 million goats, and over 5 million local and 

commercially raised poultry [8]. It experiences two 

distinct seasons: a rainy season, which spans be-

tween April and October, and a dry season be-

tween October and November, with mean annual 

rainfall of about 1600 mm and average lowest 

and highest temperatures of about 27 o C and 39 
o C respectfully.  

A total of 54 samples of raw meat from three dif-

ferent meat types (beef, mutton and chevon) were 

randomly selected from six different abattoirs in 

Minna metropolis. These Abattoirs include: 

Chanchaga, Tunga, Uk Bello, Maitunbi, Tayi, and 

Bosso Communities. For each type of meat, three 

samples were collected in each abattoir. That is, 

three beef, three mutton, and three chevon col-

lected in each of the six abattoirs, making a total 

of 54 samples.    The weight of each sample was 

taken and placed in a clean, dry sterile plastic con-

tainer, sealed and properly labelled. The samples 

were kept in ice- box and conveyed to the labora-

tory at the Federal University of Technology, Minna, 

for analysis. 

High-Performance Liquid Chromatography (HPLC) 

and a fluorescence screening method were used to 

determine mycotoxin serotype (aflatoxins) from raw 

meat using the method described by [9]. Briefly, 

sample (5gm) of raw meat was weighed into a Fal-

con tube and extracted with a solvent mixture of 1 

g of sodium chloride and 20 mL of methanol (80 

%) mixed at high speed for 3 min. The extract was 

filtered through a Whatman No. 113 filter paper, 

and 2 mL of it was pipetted and diluted with 10 mL 

of phosphate-buffered saline (PBS), thoroughly 

mixed, and centrifuged for 10 min at 10,000 rpm 

to elute. The sample extract was applied to the con-

ditioned immunoaffinity column and allowed to 

adsorb onto the column. Once the entire extract 

had passed through, the column was then washed 

with 5 mL of phosphate-buffered saline (PBS). The 

aflatoxins were eluted in a 2-step procedure: First, 

1.0 mL of 100% methanol was applied to the im-

munoaffinity column (IAC) and allowed to flow 

through under gravity. Then, the eluate was col-

lected in an amber glass vial. For the second elu-

tion, after waiting for 1 min, 1 mL of water was 

passed through the column and collected in the 

same vial to give a 2 mL total volume. This eluate 

was injected into the HPLC- fluorescence analysis. 

The dietary exposure of the Minna, Niger State 

population to total aflatoxin and its associated 

health risk was analysed. The estimated daily in-

take (EDI) was calculated using previous adopted 

approach by [10], as shown in the formula in 

Equation 1: 

EDI = 
Daily meat intake × average AFs concentrationbody weight (kg)  …….1 

The estimated daily intake (EDI) considered the 

mean concentration of aflatoxins detected from the 

meat samples obtained from the six different abat-

toirs within Minna metropolis, Nigeria.  The calcu-

lation also considered the quantity of meat in-

gested daily and the average body weight. The 

daily meat consumption was based on National 

Dietary Data: 4.1 grams of beef, 3.5 grams of 

chevon, and 0.3 grams of mutton [11]. An average 

body weight of adults and children was considered 

to be 60 kg and 10 kg, respectively, as reported by 

[12].  The result is expressed in nanograms per kil-

ogram of body weight per day (ng/kg BW/day). 

This formula aid to determine how much aflatoxin 

an individual could consume daily via meat inges-

tion. 



 

Risk characterization was assessed using methods 

such as margin of exposure analysis and cancer 

risk assessment [13]. These methods show the pos-

sibility of a negative impact of aflatoxins on a hu-

man population. 

Margin of Exposure (MOE) method was applied to 

evaluate the potential health risks associated with 

this exposure, particularly the cancer risk linked to 

genotoxic compounds like AFB1. This method is 

recommended by the European Food Safety Au-

thority (EFSA) [14], and it involves dividing the 

benchmark dose lower limit (BMDL10) by the EDI. 

For AFB1, EFSA established the BMDL10 as 170 

ng/kg BW/day, which represents a dose that leads 

to a 10% cancer incidence rate in animal studies 

(see eqn 2). 

MOE = 
BMDL10EDI   ………………………2 

To assess potential risk of liver cancer from afla-

toxin exposure among Minna, Niger State popula-

tion.  Cancer risk is defined as the number of po-

tential cases per 100,000 people per year and is 

calculated by multiplying the estimated daily intake 

(EDI) by the liver cancer potency factors for hepati-

tis B virus surface antigen (HBsAg) [15]. The 

FAO/WHO Expert Committee on Food Additives 

[16, 17] set hepatocellular carcinoma potency 

(HCC) factors at 0.30 cases per 100,000 persons 

per year per ng of aflatoxin/kg bw/day for infected 

individuals with chronic HBV and 0.01 for individ-

uals without chronic HBV infection. This body con-

sidered the prevalence of chronic hepatitis B virus 

(HBV) infection, which significantly enhances the 

carcinogenic effect of AFB1. To apply the potency 

method within the Minna population, a study in Ni-

geria found that 13.2% of Nigerians are hepatitis 

virus positive and 86.8% hepatitis virus negative 

[18].  

Therefore,  

carcinogenic potency = (0.3 × hepatitis virus pos-

itive) + (0.01 × hepatitis B virus negative.                 

…………………………………………………….3a                                                                                          

carcinogenic potency = (0.3 × 13.2%) + (0.01 × 

86.8%) = 0.04828 ……………………………...3b 

Cancer Risk = Cancer potency × Exposure 

(EDI)…………………………………………………4 

Cancer Risk (cases/year/100,000 people) = 

 [(0.01 × 86.8%) + (0.30 × 13.2%)] × EDI ……5 

This calculation provides a clearer picture of the 

public health burden from long-term exposure to 

AFB1 through meat consumption, especially in set-

tings with high HBV prevalence. 

Data generated from the study were analyzed by 

one-way analysis of variance (ANOVA). Where sig-

nificant differences were observed, the treatment 

means were separated using Duncan’s multiple 
range test (DMRT). A P value ≤ 5 % was considered 
statistically significant.  

Table 1 revealed that aflatoxin concentrations 

across meat samples in all locations were generally 

low, with most samples having aflatoxin concentra-

tions below the limit of detection (LOD). UK sam-

ples had detectable levels of AFG1 (0.60 ± 1.19 

µg/kg), AFG2 (0.23 ± 0.45 µg/kg), and AFB1 (0.05 

± 0.01 µg/kg), resulting in a total aflatoxin con-

centration of 0.88 ± 1.18 µg/kg. Chanchaga 

samples showed the highest mean AFG1 concen-

tration (1.00 ± 2.00 µg/kg), while Maitumbi and 

Tunga had low detectable levels of AFG1 or AFG2, 

with totals of 0.25 ± 0.39 µg/kg and 0.35 ± 0.70 

µg/kg, respectively. Tayi and Bosso samples were 

below the limit of detection for all aflatoxins. The 

contamination pattern indicates that while aflatox-

ins were occasionally present, none of the samples 

exceeded the EU regulatory limits for AFB1 (5 

µg/kg) or total aflatoxins (10 µg/kg). 

Table 2 presents the levels of aflatoxin contamina-

tion across different meat types and shows that the 

aflatoxin concentrations in the samples were lower 

than the regulatory safe thresholds. Among the 

meat types, chevon exhibited the highest mean lev-

els of AFG1 (0.67 ± 1.64 µg/kg) and AFG2 (0.18 

± 0.37 µg/kg), resulting in the highest total afla-

toxin concentration (0.85 ± 1.59 µg/kg). The beef 

samples showed moderate detectable levels of 

AFG1 (0.40 ± 0.94 µg/kg) and AFG2 (0.23 ± 

0.47 µg/kg), with a corresponding total aflatoxin 

concentration of 0.32 ± 0.83 µg/kg. In contrast, 

mutton displayed lower levels of contamination, 

with detectable AFG1 (0.14 ± 0.34 µg/kg) and 

negligible AFG2, yielding a total aflatoxin level of 

0.17 ± 0.33µg/kg. Aflatoxins AFB1 and AFB2 were 

not detected in any of the meat types. These 



 

findings indicate that chevon contributed the most 

to aflatoxin exposure among the evaluated meat 

types, followed by beef, while mutton showed the 

lowest contamination levels. Importantly, all meas-

ured aflatoxin concentrations were well below the 

European Union regulatory limits for AFB1 (5 

µg/kg) and total aflatoxins (10 µg/kg), suggesting 

no immediate food safety concern. 

 

Table 1: Aflatoxin Concentrations in Meat Samples per Location 

Location AFG1 (µg/kg) AFG2 (µg/kg) AFB1 (µg/kg) AFB2 (µg/kg) Total (µg/kg) 

UK 0.60 ± 1.19b 0.23 ± 0.45b 0.05 ± 0.01b 0.00 ± 0.00a 0.88 ± 1.08b 

Tunga 0.00 ± 0.00a 0.35 ± 0.70b 0.00 ± 0.00a 0.00 ± 0.00a 0.35 ± 0.70ab 

Tayi 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 

Maitumbi 0.21 ± 0.41ab 0.04 ± 0.09a 0.00 ± 0.00a 0.00 ± 0.00a 0.25 ± 0.39ab 

Chanchaga 1.00 ± 2.00c 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 1.00 ± 2.00c 

Bosso 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 
 AFG1: Aflatoxin G1, AFG2: Aflatoxin G2. AFB1: Aflatoxin B1, AFB2: Aflatoxin B2. Means sharing the same superscript letter are not significantly different; different 

letters indicate significant differences (p < 0.05). 

 

Table 2: Aflatoxin Concentrations in the Meat Type 

Meat Type AFG1 (µg/kg) AFG2 (µg/kg) AFB1 (µg/kg) AFB2 (µg/kg) Total (µg/kg) 

Mutton 0.27 ± 0.44a 0.06 ± 0.11a 0.00 ± 0.00a 0.00 ± 0.00 0.33 ± 0.50a 

Chevon 0.67 ± 1.64b 0.18 ± 0.37a 0.00 ± 0.00a 0.00 ± 0.00 0.85 ± 1.59b 

Beef 0.14 ± 0.34a 0.03 ± 0.08a 0.00 ± 0.00a 0.00 ± 0.00 0.17 ± 0.33a 
AFG1: Aflatoxin G1, AFG2: Aflatoxin G2. AFB1: Aflatoxin B1, AFB2: Aflatoxin B2. Means sharing the same superscript letter are not significantly different; different 

letters indicate significant differences (p < 0.05). 

Table 3 shows the estimated daily intake (EDI), 

margin of exposure (MOE), and cancer risk from 

aflatoxin in chevon, mutton, and beef across chil-

dren and adults. For chevon, children had an EDI 

of 0.030 µg/kg bw/day compared with adults at 

0.050 µg/kg bw/day. The MOE was much lower in 

children (566.7) than in adults (3400). Cancer risk 

followed the same pattern, with 0.014 cases per 

100,000 persons in children and 0.002 in adults. 

In mutton, children had an EDI of 0.01 µg/kg 

bw/day, while adults had only 0.001 µg/kg 

bw/day. The MOE for children was 17,000 com-

pared with 170,000 in adults. Cancer risk was 

slightly higher in children (0.0005) than in adults 

(0.00005). For beef, children showed an EDI of 

0.13 µg/kg bw/day, which was higher than adults 

at 0.022 µg/kg bw/day. The MOE values were 

1307.7 in children and 7727.3 in adults. Cancer 

risk in children (0.060) was notably higher than in 

adults (0.001). This indicates that children consist-

ently had higher estimated daily intake and cancer 

risk across all meat types, with lower margins of 

exposure compared to adults. Beef in children 

showed the highest EDI (0.13 µg/kg bw/day) and 

cancer risk (0.060/100,000 persons/year), while 

mutton in adults had the lowest values across all 

parameters. This highlights distinct differences in 

aflatoxin exposure between meat types and age 

groups. 

 

Table 3: Estimated Daily Intake, Margin of Exposure, and Cancer Risk from Aflatoxin in Different Meat Types 

Across Age Groups 

Meat Type Age TAF 

Av. 

BW 

IR(g/per-

son/day) EDI MOE 

Cancer risk (HCC/100,000 

persons/year) 

Chevon 
Child 0.85 10 3.5 0.030 566.7 0.014 

Adult 0.85 60 3.5 0.050 3400 0.002 

Mutton 
Child 0.17 10 0.3 0.01 17000 0.0005 

Adult 0.17 60 0.3 0.001 170000 0.00005 

Beef 
Child 0.32 10 4.1 0.13 1307.7 0.060 

Adult 0.32 60 4.1 0.022 7727.3 0.001 
TAF = Total Aflatoxin, Av. BW = Average Body weight, IR = Ingestion Rate, EDI = Estimated daily intake, MOE = Margin of Exposure 

 

 

 



 

The generally low levels of aflatoxins detected in 

this study across locations and meat types are con-

sistent with the idea that meat itself is not typically 

a major aflatoxin reservoir compared with 

plant-based foods or feeds but may reflect indirect 

exposure through contaminated animal feeds and 

environmental conditions that favor fungal prolif-

eration [19]. Aflatoxins are produced by Aspergil-

lus species under warm, humid conditions and are 

well documented in food commodities such as ce-

reals, nuts, and spices in Nigeria, where high 

moisture and sub-optimal storage promote fungal 

growth and toxin formation; for example, studies 

across Nigerian markets have shown high afla-

toxin occurrence in staple foods, often correlated 

with moisture content and storage practices 

[20,21]. In contrast, aflatoxin levels in meat from 

this study remain low, likely because aflatoxins 

originate primarily in feedstuffs and are not appre-

ciably accumulated in muscle tissue; this interpre-

tation aligns with older Nigerian research showing 

mycotoxigenic fungi present in meat but generally 

low toxin levels when compared with dietary sta-

ples [22]. Comparatively, studies from other re-

gions also illustrate that meat products tend to 

show lower aflatoxin contamination relative to 

feeds or highly susceptible crops: for example, sur-

veys of processed meats in Egypt detected aflatox-

ins in some products but at varied and often low 

levels, suggesting that contamination may be more 

sporadic and related to ingredient quality rather 

than intrinsic to meat [23,24].  

Differences in contamination across locations and 

meat types observed here may be due to variations 

in animal diet, feed sources, and handling; meat 

types receiving feeds with higher mould contami-

nation are more likely to show detectable residues. 

The higher aflatoxin burden in chevon and beef 

samples in this study could reflect feed differences 

or farm-to-market handling variations compared 

with other meat types. Environmental conditions in 

Nigeria’s tropical climate, high temperature and 

high humidity, are known to predispose agricul-

tural and feed materials to aflatoxin contamina-

tion, which in turn may influence low-level residues 

found in animal products. Importantly, despite de-

tectable aflatoxins in some samples, none ex-

ceeded international regulatory limits (EU limits for 

AFB1 and total aflatoxins), which supports the con-

clusion that the current contamination patterns 

pose a low consumer risk via direct meat 

consumption,  meaning that the meat types within 

Minna are safe for consumption, although chronic 

exposure through the broader diet remains a con-

cern in Nigeria and similar regions where aflatoxin 

occurrence in feed and plant foods is widespread.  

The assessment of potential health risk via esti-

mated daily intake, margin of exposure, and can-

cer risk from aflatoxin in different meat types 

across age groups indicate that children are at a 

greater risk of aflatoxin exposure from meat con-

sumption compared with adults, which is consistent 

with previous research showing that children are 

more vulnerable to foodborne toxins due to their 

lower body weight and higher food intake per kil-

ogram of body weight [25]. The higher estimated 

daily intake (EDI) values in children across chevon, 

mutton, and beef suggest that the dietary burden 

of aflatoxin is disproportionate in younger age 

groups. This is concerning because aflatoxins are 

potent carcinogens, and long-term exposure, even 

at low doses, can increase the risk of liver cancer 

[26]. The high exposure from beef in children re-

flects both consumption patterns and the bioaccu-

mulation of aflatoxins in livestock feed. Cattle often 

consume large amounts of maize and groundnut-

based feeds, which are highly susceptible to Asper-

gillus contamination [27]. When these contami-

nated feeds enter the animal diet, aflatoxins or 

their metabolites, particularly aflatoxin M1, are 

transferred into edible tissues. This explains the 

higher EDI and cancer risk associated with beef 

compared to mutton or chevon. By contrast, small 

ruminants such as goats and sheep are often 

raised on forage-based diets with less dependence 

on stored grains, which may reduce aflatoxin ac-

cumulation in their tissues [28]. The lower margins 

of exposure (MOE) in children further highlight the 

heightened health concern. According to the Euro-

pean Food Safety Authority (EFSA, 2020), a MOE 

below 10,000 indicates a potential health risk. The 

values observed in children, especially for beef and 

chevon, fall well below this threshold, highlighting 

the urgency for interventions. Adults showed com-

paratively safer MOE values, particularly in mut-

ton, where exposure and risk were minimal. This 

aligns with the idea that both dietary diversity and 

lower intake per kilogram of body weight reduce 

adult susceptibility. 

Children remain the most at-risk group for afla-

toxin-related health effects from meat consump-

tion. This is attributed not only to their physiology 



 

but also to the contamination pathways from ani-

mal feed into the food chain. Strengthening feed 

quality monitoring, promoting proper grain stor-

age, and encouraging dietary diversification could 

reduce aflatoxin burden in both livestock and hu-

mans.  

This study revealed that aflatoxin levels in raw meat 

within Minna metropolis are generally low and fall 

well below the Commission regulation. This indi-

cates that the meat is safe for consumption.  Alt-

hough the detected aflatoxin levels in meat sam-

ples did not exceed international safety limits, the 

higher estimated exposure and lower margin of ex-

posure observed in children raise significant health 

concerns, given their increased vulnerability to the 

carcinogenic effects of aflatoxins. To mitigate 

health risks, especially among vulnerable popula-

tions like children, there is an urgent need to en-

hance feed quality control, improve storage prac-

tices, and promote dietary diversification. Imple-

menting these measures can help further reduce 

aflatoxin exposure in animal products and safe-

guard public health in Nigeria  
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