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ABSTRACT 

	Aflatoxin B1 contamination in food is a significant global health challenge, particularly affecting children, leading to delayed development, stunted growth, liver damage, and liver cancer. The study was carried out in 2024 in Katsina State, Nigeria. A study aimed to determine the levels of aflatoxin B1 and attendant health risks to the population from consumption of stored groundnut and maize samples in the three senatorial zones of Katsina State (Katsina, Daura, Funtua). The quantification of Aflatoxins in the samples was conducted using Enzyme-Linked Immunosorbent Assay (ELISA). The growth of fungal species was determined using the spread-plate method after dilution. Risk characterization was conducted based on the margin of exposure (MOE) and the liver cancer approach. The results revealed that 90% and 95% of Groundnut and Maize samples collected from all three geopolitical zones of Katsina State were contaminated with either Aspergillus flavus or Aspergillus parasiticus, respectively. From the results, all the samples contain aflatoxin B1 levels above the permissible limit of Nigeria (20µg/kg), the World Health Organization (WHO) and  the European Union (EU) (4µg/kg). There was no significant difference in the mycological analysis of the samples in all three zones of the State. The calculated MOE values were lower than 10,000, pointing to a public health risk that may arise due to AFB1 exposure through the consumption of the study samples. 
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1. INTRODUCTION

Dietary intake of food contaminated with Aflatoxin may adversely affect public health, food security and safety and economic stability. Aflatoxins are a group of secondary metabolites produced by several species of the ubiquitous Aspergillus section Flavi fungi (Frisvad et al., 2019). These secondary metabolites are produced by toxigenic strains of mold and can develop on various food crops such as maize, wheat, and groundnuts, as well as on certain animal-derived commodities like meat products and sausages (Milicevic et al., 2010). Aflatoxins are highly stable compounds that are resistant to most physical and chemical treatments, making them difficult to remove from contaminated products (Wu and Khalangwiset, 2010). There are four major types of Aflatoxins; B1, B2, G1, and G2. Aflatoxin B1 (AFB1) is produced by Aspergillus flavus. AFB1 is believed to be the most potent and toxic among all Aflatoxins (Dhakal et al., 2023) and has been categorized as a Group 1 carcinogen (IARC, 2012).  Aflatoxin contamination is influenced by several factors, including temperature, moisture, humidity, crop type, agricultural practices, storage conditions, and insect damage (Kachapulula, 2017; Agbetiameh et al., 2017). Ingestion of contaminated food or feed is the primary route of Aflatoxin exposure for both humans and animals.  Dietary exposure to aflatoxins may result in severe toxic and carcinogenic outcomes in humans and animals, Aflatoxin toxicity may  result into nausea, vomiting, abdominal pain, convulsions, and other signs of acute liver injury, while long-term exposure may lead to various complications like growth retardation, cirrhosis, liver cancer, oxidative stress and fetal growth abnormalities (Kabak, 2021; Dhakal et al., 2023). In addition, aflatoxin  feed intake in animals may result in animal and dairy products that containing above permissible levels of aflatoxin (Hassan et al., 2020).
Maize and groundnuts are particularly susceptible to contamination by aflatoxin-producing fungi, facilitated by warm weather conditions in agricultural areas (Agbetiameh et al., 2017; Eskola et al., 2020). Consequently, harvested maize, groundnuts, and other staple agricultural products often contain unsafe levels of mycotoxins, notably aflatoxins (Agriopoulou et al., 2020).
Contamination of Aflatoxin in staple crops could be detected by several methods that include Thin-layer chromatography (TLC), High-performance Liquid chromatography (HPCL), Enzyme-Linked Immunosorbent Assay (ELISA) and Mass Spectrometry (MS) according to many studies (Liu and Wu, 2010). 
The aim of the study is to determine the level of aflatoxins from storage sites across the three (3) zones of Katsina State for proper integrated management of Aflatoxins for public health protection, food and nutrition security in the State. 

2. material and methods 

2.1 Study Area
The study was carried out during 2024 in Katsina State, Nigeria. The State is located between latitude 12015’N and longitude of 7030’E in the North West Zone of Nigeria, with an area of 24,192km2 (9,341 sq meters). Katsina State has two distinct seasons: rainy and dry. The rainy season begins in April and ends in October, while the dry season starts in November and ends in March. The average annual rainfall, temperature, and relative humidity of Katsina State are 1,312 mm, 27.3ºC and 50.2%, respectively (Yaradua et al., 2019).
2.2. Sample Collection
Samples were collected from stores and ware houses in markets located in the study area. A total of six (6) composite grain samples from lots located in each geopolitical zone (one groundnut and one maize) were collected for the study. The sampling procedure used involved collecting 20kg of groundnut and maize samples separately from groundnut and maize lot of the three zones of katsina. This was followed by an incremental sampling where a quantity of the grain (groundnut and maize) was taken from a single random place in the lot .An aggregate sampling was then applied to combine   all the total of incremental samples from the lot in all the three zones. The samples were then packaged and transported to the laboratory. The sampling was done in the month of October and November 2023.
2.3 Mycological Analysis
The growth of fungal species was determined using the spread-plate method after dilution (APHA, 2001). Briefly, under aseptic conditions, the samples (500g) were finely ground to obtain a homogeneous mixture using the commercial blender (VICAM) and 1g from each sample was mixed with sterile distilled water (9ml)followed by a serial dilution. Exactly, 1ml from each dilution was transferred to Petri-dishes. The medium was cooled, spread and mixed gently for 2 minutes. The mixture was allowed to solidify and then incubated at 30°C for 3 days. The fungi were isolated from enumeration plates showing well-separated colonies and identified using macroscopic characteristics including colony colours, colony texture, reverse color and soluble pigment (Elbashiti et al., 2010). Thereafter, the number of fungal colonies per gram of sample was calculated and expressed in colony-forming units per gram (CFU/g).
2.4 Total Aflatoxin Quantification
2.4.1 Sample Extraction
Twenty grams (20g) each of groundnut and maize samples were ground to powder. From each ground sample, two grams (2g) were weighed and poured into an extraction bottle. 100ml of 70% methanol in 30ml distilled water containing 0.5% KCl was added and mixed on a rotary shaker at 2000rpm for 10min. The sample mixture was filtered, and 100μl of the filtrate was diluted using 600ml of distilled water and set for ELISA.


2.4.2   Procedure for Total Aflatoxin Quantification
150μl of diluted toxin- BSA Conjugate was measured using micro pipette and dispensed in plate of each well, then incubated in an oven for one hour at 37oC while shaking. The toxin was discarded into a disposable chamber. The plates were washed three times. Another 150μl of PBST-BSA were added into each well, and incubated at 37oC then the content was discarded in a sink and the plates were then washed thoroughly with washing buffer. 150μl of antiserum solution was dispensed into each test well, the plate was shaken gently to mix the content and allowed to incubate at 37oC for 30 minutes. The contents of the wells were discarded and washed with PBS-Tween at 3 minutes interval after each wash. Aflatoxin standard was prepared by diluting 1.5μl of the standard in 0.6ml mixture of methanol in PBS-Tween at a ratio of 1:1.
The prepared standard was used to prepare serial solution using 1:1 mixture of methanol and PBST diluents. About 20μl of the sample was diluted in 180μl of 0.2% BSA and the mixture vortexes very well. About 100μl of both standard and sample were dispensed into the wells of the plate in duplicates and 50μl of antiserum was added to each well and the plate was incubated for one hour at 37oC, after the incubation period, the plate was removed and the content was discarded into a sink. Following the last wash, an absorbent paper towel was placed on the flat surface of the test wells and tapped to remove the last of the washed solution. Hundred and fifty micro-litre (150μl) of the substrate was measured and dispensed into the test well, the plate was shaken gently and incubated at 37oCfor 30 minutes. Aliquot of 100μl of stop solution was measured and dispensed into each test well and shaken gently. The absorbance was read using an ELISA reader.
2.4. Assessment and Risk Characterization
As shown in the formula to obtain the estimated daily intake (EDI) (ng/kg bw/day) for the average population, the mean concentration of aflatoxins in the groundnut and maize samples was multiplied by the average groundnut and maize consumption in Nigeria. Consumption data was taken from FOA database (Maize: 60g/person/day; Groundnut: 30g/person/day) and then divided by the assumed body weights (kg) depending on the target population (Ranum et al., 2014).
The assumed Body Weights (kg) were 10 (Rodríguez-Carrasco et al., 2013), 24 (Ekhator et al., 2017) and 60 (Orisakwe et al., 2015) kg for infants, children and adults, respectively.
Then for computation of the EDI = [Aflatoxin Concentration (ng/g) × Sample consumption (g/person/day)] / Bodyweight (kg)
Margin of exposure characterization for aflatoxins
Genotoxic compounds such as aflatoxins have their risk assessment fittingly computed based on the Margin of Exposure (MOEs) approach, which was estimated by dividing the Benchmark dose lower limit (BMDL) for aflatoxins—400 ng/kg bw/day by toxin exposure (EFSA, 2020) as expressed below:
MOE = Benchmark dose lower limit/EDI
2.5 Estimated Liver Cancer Risk in Samples
The liver cancer risk estimation for Nigeria adult consumers was calculated for aflatoxins. This involved estimating the population cancer risk per 100,000, which is a product of the EDI value and the average hepatocellular carcinoma (HCC) potency figure from individual potencies of Hepatitis B surface antigen (HBsAg) (HBsAg-positive and HBsAg-negative groups).The JECFA estimated potency values for Aflatoxin which corresponded to 0.3 cancers/year/ 100,000 population/ng/kg bw/day (uncertainty range: 0.05–0.5) in HBsAg-positive individuals and 0.01 cancers/year/100,000population/ng/kg bw/day (uncertainty range: 0.002–0.03) in HBsAg-negative individuals were adopted for this calculation. Moreover, the average HBsAg + prevalence rate of 7.74% (adult-8.36%, children-14.3%, infants-0.55%) for Nigeria was adopted and 92.26% (100–7.74%) was extrapolated for HBsAg-negative groups (Adetunji et al., 2018). Hence, the average potency for cancer in Nigeria was estimated as:
Average potency = ¬0.03 × HBsAg−negative individuals in Nigeria+¬0.01 × HBsAg – positive individuals/prevalence rate in Nigeria 
(0.3 × 0.077) + (0.01 × 0.9226)= 0.0323
Thus, the cancer risk (cancers per year per 100,000 population per ng aflatoxins/kg bw/day) was estimated using the following formula:
Cancer risk = Exposure (APDI) × Average potency 


3. results and discussion

Maize and groundnut are among the most common staple crops included in many diets worldwide and play an important role in the diets of several populations, especially children, because of their high content of protein, fat and carbohydrate. Groundnut and maize, are suitable substrate for fungal spoilage and aflatoxin production. 
3.2 Mycological Analysis
The result of Mycological Analysis is shown in Table 1 The results revealed that 90% and 95% of Groundnut and Maize samples collected from all the three geopolitical zones of Katsina State were contaminated with either Aspergillus flavus or Aspergillus parasiticus respectively. The total colony counts ranged from 1.5 x 105 to 6.0 x 105 CFU/g in maize samples and 1.5x105 to 8.0x105 CFU/g  in groundnut samples. The reported prevalence of aflatoxin contamination in this study is comparable to the previously reported prevalence of Aflatoxin in maize from Nigeria (Kolowale et al., 2020; Onyedum et al., 2020; Williams et al., 2015) and Kenya (Nduti et al., 2017). In contrast, the prevalence in the present study is above the aflatoxin contamination previously reported for Serbian and Indian maize (Chandra et al., 2013; Kos et al., 2013).
3.3 Aflatoxin Analysis
The result of Aflatoxin Analysis is shown in Table 2, Groundnut and Maize samples from Katsina zone have the highest concentration of aflatoxin, with a mean concentration of 95.20µg/kg and 94.9 0µg/kg, followed by the samples from Daura zone with  concentrations of 90.60µg/kg for Maize and 90.20µg/kg for Groundnut respectively and samples the  from Funtua zone with the lowest mean concentrations of 89.20µg/kg and 87.30µg/kg respectively. There was no significant difference (P>0.001) in the mean Aflatoxin concentrations of the samples. 
All the samples have mean Aflatoxin B1 concentrations that were above the acceptable limits of 4µg/kg as recommended by World Health Organization (WHO) and European Union (EU), and the permissible limit for aflatoxin contamination in Nigeria (20µg/kg). 
The observations are also similar to those previously reported (Kankam et al., 2021; Abdullahi 2004). Likewise, the results are higher than the results reported by Abdurrazaq et al., (2022), for mean Aflatoxin concentrations in Groundnut and Maize samples from Giwa community of Kaduna State, Nigeria, the study of  Salau et al., (2017) on the level of Aflatoxins in groundnut oil marketed in Sokoto State, Nigeria and the reported findings of Magomya and Mbatsav, (2023) for Aflatoxins concentrations in maize and Groundnut samples from Wukari, Nigeria.  But the results are lower than the reported Aflatoxin mean concentrations in millet samples from Nigeria (Kumar et al., 2021) and  Aflatoxin concentrations in vended maize from Ondo State, Nigeria (Kolawole, et al., 2020). The above permissible Aflatoxins mean concentrations recorded in the current study may likely be due to both Climatic and Environmental factors (Strelec et al., 2010; Benkerroum, 2020).

Table 1 Yeast and Mold Counts for Groundnut and Maize Samples
	Samples
	105(CFU/g)
	106(CFU/g)

	Maize Daura.
	1.5 ± 0.5
	3.5 ± 0.5

	Maize Katsina
	7.0 ± 0.0
	3.5 ± 0.5

	Maize Funtua
	6.5 ± 0.5
	3.0 ± 0.0

	Groundnut Daura
	1.5 ± 0.5
	2.5 ± 0.5

	Groundnut Katsina
	5.5 ± 0.5
	8.0 ± 1.0

	Groundnut Funtua
	6.0 ± 2.0
	6.5 ± 2.5


		






Table 2 Aflatoxin Level in Maize and Groundnut Samples from the Three Senatorial Zones of Katsina State
	Samples 
	AFB1  -  Concentration (µg/kg)

	Maize Katsina
	94.90 ± 0.4041

	Maize Daura
	90.60 ± 0.1528

	Maize Funtua
	87.30 ± 0.1528

	Groundnut Katsina
	90.20 ± 0.2517

	Groundnut Daura
	95.20 ± 0.1000

	Groundnut Funtua
	89.20 ± 0.1000




3.4 Health Risk Assessment
Risk characterization was conducted based on the margin of exposure (MOE) and the liver cancer approach. MOE compares exposure levels to a toxicological threshold and is typically used to compare the health risk of various contaminants to prioritize risk management efforts. The lower the MOE, the greater the risk to the consumers and a value of less than 10,000 is used to indicate health risk (Monger et al., 2024). From tables 3 and 4  the MOE values were lower than 10,000, pointing to a public health risk that may arise due to AFB1 exposure through the consumption of the study samples. Likewise, the chances of liver cancer development was also in the order Adults > Children > Infants (Tables 3  and 4). An indication of health safety concern from consumption of the analysed samples as they may add to the cancer prevalence in the consuming population of the study areas. 
The observation of high risks in infants and children compared to adults has previously been reported by Kooprasertying et al. (2016) in a study conducted on exposure assessment of aflatoxins in Thai peanuts. Kortei et al. (2022) in a study on Aflatoxins in maize from the Volta region of Ghana has reported a heightened cancer risk from consumption of maize samples, a statement that is in agreement with the findings of the present study. The observation may be due to the lower body weight of infants and children that may lead to higher intake compared to body weight. The results are suggestions that groundnut and maize consumers especially infants and children in the three senatorial zones of Katsina State may be at high risk of chronic aflatoxin exposure. 
Table 3 Cancer Risk of Aflatoxin B1 Intake through Consumption of Groundnut in Katsina
	 Population
	EDI (ng/kg bw/d)
	MOE
	CR
	Zone

	Infants
	1.353
	295.6393
	9.5492

	Katsina

	
	1.428
	280.1121
	9.0476
	Funtua


	
	1.338
	298.9537
	9.6562

	Daura

	Children
	1.1275
	354.7672
	11.4589
	Katsina

	
	1.19
	336.1345
	10.8571
	Funtua


	
	1.115
	358.7444
	11.5874

	Daura

	Adults 
	0.451
	886.9179
	28.6475
	Katsina

	
	0.476
	840.3361
	27.6475
	Funtua


	
	0.446
	896.8610
	1.45
	Daura


Key: EDI= Estimated daily intake; CR = Cancer risk; MOE = Margin of exposure

Table 4: Cancer Risk of Aflatoxin B1 Intake through Consumption of Maize in Katsina
	 Population
	EDI (ng/kg bw/d)
	MOE
	CR
	Zone

	Infants
	2.847
	140.4988
	4.5381
	Katsina

	
	2.718
	147.1670
	4.7535
	Funtua


	
	2.619
	152.7301
	4.9332
	Daura


	Children 
	2.3725
	168.5985
	5.4457
	Katsina

	
	2.265
	176.6004
	5.7042
	Funtua


	
	2.1825
	183.2761
	5.9198
	Daura


	Adults 
	0.949
	421.4963
	13.6143
	Katsina

	
	0.906
	441.5011
	14.2605
	Funtua


	
	0.873
	458.1
	14.7966
	Daura


Key: EDI= Estimated daily intake; CR = Cancer risk; MOE = Margin of exposure


The evaluation of the impact of difference in Aflatoxin contamination based on Climate Conditions indicates that, the mean concentration of aflatoxins found in Groundnut and Maize Samples from Funtua senatorial zone were lower compared to the mean concentrations of aflatoxin found in samples from Katsina and Daura Zones (Table 5). This may likely be due to both Climatic and Environmental factors that involve occurrence of drought in the year during crop cultivation, deficient rainfall during harvesting, very high-temperature range ,and increase in relative humidity could be the reasons for the high aflatoxin content of the stored foodstuffs, these factors were also reported by previous findings (Strelec et al., 2010; Benkerroum, 2020). Perhaps, differences in climatic conditions between the three zones could be a contributing factor to the observed disparity in aflatoxin levels in the three zones of Katsina State as shown in the results findings; climatic change and weather conditions are recognized as significant factors influencing aflatoxin contamination in groundnuts and maize during pre-harvest stages, post-harvest practices including storage, and during  the processing and consumption practices, this poses challenges to agricultural production and health issues in the State. Furthermore, drought stress due to low rainfall during plant growth as found in Katsina and Daura zones are identified as one of the key weather conditions that contributed to the high level of aflatoxin in the year during crop cultivation.
A study has earlier pointed out that plants experience stress due to high temperatures and drought (Jordan et al., 2018). So, increase in temperature coupled with low rainfall level as found in Katsina and Daura senatorial zones may likely be among the contributory factors of high aflatoxin contamination in these two zones. The growth of Aspergillus flavus is therefore impeded at 60% relative humidity and the aflatoxin content observed could have been caused by the high initial moisture content.
The State's high level of insecurity (Yaradua et al., 2023) may be another factor contributing to the increased levels of aflatoxin contamination in parts of the State, farmers are reluctant to allow their crops to dry properly in the fields due to fears of theft or vandalization by bandits or insurgents, contributing to high moisture content in farm products.








Table 5 Seasonal Climate Prediction Analysis (2021-2023) for the Three Senatorial Zones of Katsina State, Nigeria

	Year
	Zone
	Mean Aflatoxin B1 (μg/kg) in maize

	Mean AflatoxinB1 (μg/kg) in groundnut
	Temperature (OC)
	Rainfall (mm)
	Relative humidity (%)

	2021
	Katsina
	94.90
	95.20
	38.9OC
	650-663
	44.9

	
	Daura
	90.60
	90.20
	39.6 OC
	479-647
	NA

	
	Funtua
	87.30
	89.20
	36.5 OC
	714-1020
	NA


	2022
	Katsina
	94.90
	95.20
	35.2 OC
	466-650
	46.2

	
	Daura
	90.60
	90.20
	36.1 OC
	466-588
	NA

	
	Funtua
	87.30
	89.20
	33.2 OC
	727-1020
	NA


	2023
	Katsina
	94.90
	95.20
	34.5 OC
	466-512
	42.1

	
	Daura
	90.60
	90.20
	36.1 OC
	465-466
	NA

	
	Funtua
	87.30
	89.20
	34.0 OC
	588-820
	NA


(NIMET, 2023) 
Key : NA = Not available

4. Conclusion

The result of the study has  revealed that all the analysed samples were contaminated with Aflatoxin B1 above the acceptable limits recommended by regulatory bodies. the MOE values were lower than 10,000, pointing to a public health risk that may arise due to AFB1 exposure through the consumption of the study samples
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