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Abstract 
Contamination of agricultural products with fungal toxins is a widespread problem in tropical and 
subtropical regions, where environmental conditions favour fungal growth. Aflatoxins are mycotoxin 
that are secondary metabolites of Aspergillus spp; when ingested, inhaled or adsorbed through the skin 
has carcinogenic, hepatotoxic, teratogenic and mutagenic effects on humans and animals. Preliminary 
research on total aflatoxin associated with maize (Zea mays) and groundnut (Arachis hypogea) was 
carried out in Samaru, Zaria-Nigeria. Two different samples of maize (Yar aure and Jar masara) and 
groundnut (Mai bargo and Yar dakar) were collected from different locations in Samaru Market. The 
laboratory work was conducted at National Agency for Food and Drug Administration and Control 
(NAFDAC) Kaduna Area Laboratory using ELISA method, Romer analytical test kit and mycosep 
multifunctional clean-up column.  The results revealed that, in comparison between maize and 
groundnut, maize particularly Yar aure recorded the highest concentration of aflatoxin (7.7ppb) 
compared to groundnut Mai bargo and Yar dakar (6.3ppb and 2.5ppb respectively). Nevertheless, the 
lowest concentration of aflatoxin was recorded by Jar masara (0.5ppb), but he level of contamination in 
all the samples considered were below the permissible limit (20 ppb) by NAFDAC.  Aflatoxins are 
heterogeneous as such, it can be recommended that more samples need to be analysed for aflatoxin using 
a more sensitive technique like high performance liquid chromatography (HPLC) and the purest clean-
up method such as immune affinity column as well as QuEchERS kits to detect the exact status of 
aflatoxins associated with agricultural products.  
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INTRODUCTION 
Contamination of agricultural products with fungal toxins is a widespread problem in tropical 
and subtropical regions and beyond. Aflatoxin-containing substances have detrimental effects 
on both human and animal health. They are extremely poisonous and carcinogenic (Bryden, 
2012). Consuming products tainted with aflatoxin may have long term or short-term 
repercussions, including fatalities (Agbetiameh et al., 2017). Chronic exposure of aflatoxin is 
carcinogenic and has been linked to growth retardation in children (Bandyopadhyay and 
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Cotty, 2013). Aflatoxins are mycotoxins that are secondary metabolites of Aspergillus flavus, 
Aspergillus parasiticus and rarely Aspergillus nomius (Abubakar et al., 2025). Aflatoxins are 
contaminants of agricultural commodities in the field particularly in critical temperature and 
humidity conditions before or during harvest or because of inappropriate storage 
(Agbetiameh et al., 2017; Agriopoulou et al., 2020). Aspegillus flavus and Aspergillus parasiticus 
are among the Aspergillus species that are reported to be harmful to human and animal health 
as they are responsible for the production of aflatoxins (Cornell, 2014). The major types of 
aflatoxins commonly found in food and feedstuffs are B1, B2, G1, and G2 while aflatoxins M1 
and M2 are metabolites of aflatoxins B1 and B2, which may be found in milk and milk 
products (Benkerroum, 2020). 
 
However, aflatoxin when ingested, inhaled or adsorbed through the skin, has carcinogenic, 
hepatotoxic, teratogenic and mutagenic effects on humans and animals like rats, ferrets, 
ducks, trout, dogs, turkeys, cattle and pigs (Iqbal et al., 2014) even at a very small 
concentration. When aflatoxin B1 is ingested by cows, it is transformed into its hydroxylated 
product, i.e. AFM1 and AFM2, which is secreted in the milk and is relatively stable during 
milk pasteurization, storage, and preparation of various dairy products Kachapulul et al., 
2017; Keta et al., 2019).  It was reported by Sule et al. (2015) that, no animal species is immune 
to the acute toxic effects of aflatoxins, however, adult humans have high tolerance for aflatoxin 
exposure and rarely succumb to acute aflatoxicosis, but children are particularly affected, and 
the exposure can lead to stunted growth and delayed development. (Bbosa, 2013). 
 
Maize is the major source of energy and protein in the diet of many people in Nigeria and 
third most important crop after rice and wheat cultivated in the world. Maize is one of the 
staple foods in this part of the country. Aflatoxins develop in Maize and Groundnut in the 
field and during storage, thus making the grains unpleasant for consumption. The 
predisposing factors of infection include improper drying, storage, high relative humidity and 
temperature; as maize and groundnut are stocked in sacks and heaped in stores either at home 
or in market places (Abdurrazaq et al., 2022). Maize and Groundnut subjected to some of these 
factors have high probability of fungal infection (Aspergillus ssp) which may, presumably 
enhance the development of aflatoxins. These are capable of creating congenial moisture 
content in the maize and groundnut which can highly favour the growth of aflatoxin 
(Abdurrazaq et al., 2022). 
 
Groundnuts are a good source of protein and vitamin E, consumed by people of all age groups 
because of their good flavour and used as a very popular snack worldwide. According to 
Akullo et al. (2025), aflatoxin contamination of agricultural crops, such as groundnut and 
cereals, causes annual losses of more than $750 million in Africa.  
 
In Nigeria, maize and groundnut are essential components of daily diets and serve as 
important sources of income for farmers and traders. However, their susceptibility to fungal 
contamination at various stages (pre-harvest, harvest, and post-harvest) makes them high-
risk commodities. Poor drying techniques, inadequate storage facilities, and unfavorable 
environmental conditions significantly contribute to the proliferation of aflatoxin-producing 
fungi (Mdindikasia et al., 2024). Studies conducted in different parts of Nigeria and sub-
Saharan Africa have reported varying levels of aflatoxin contamination, with some exceeding 
permissible safety limits, thereby posing serious health risks to consumers (Sultana, 2024). 
 
Despite increasing research attention, most studies in Nigeria and West Africa have primarily 
focused on individual crops rather than comparative assessments. This creates a gap in 
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understanding crop-specific susceptibility and variation in contamination levels within the 
same ecological setting. Furthermore, while regional studies have been carried out in parts of 
northern Nigeria such as Kaduna and Katsina, there is still a scarcity of localized and updated 
data for specific agricultural communities like Samaru, Zaria, which is an important research 
and farming hub. Existing literature emphasizes that aflatoxin contamination is influenced by 
ecological and climatic conditions, which vary significantly across locations (Falade et al., 
2022). Hence, the absence of recent, site-specific data limits accurate risk assessment and 
intervention planning.  
 
Furthermore, variations in contamination levels among different crop varieties and market 
sources are not well documented. Recent findings suggest that aflatoxin occurrence is highly 
influenced by ecological conditions, storage practices, and handling methods, which differ 
across locations (Yonas et al., 2025). However, limited attention has been given to how these 
factors interact within specific local markets such as Samaru. Consequently, there is 
inadequate information to guide effective intervention strategies, food safety policies, and 
public health awareness campaigns tailored to the local context. Additionally, this research 
adopts a comparative approach, examining both maize and groundnut within the same study 
area. This is significant because it allows for the identification of crop-specific differences in 
susceptibility to aflatoxin contamination. Such information is crucial for determining which 
commodity poses a greater risk to consumers and for prioritizing control measures. This study 
aimed to assess the aflatoxin contents of maize and groundnut using Enzyme-Linked Immuno 
Sorbent Assay (ELISA). 
 
MATERIALS AND METHODS 
Study area 
This study was conducted in Samaru Market; Northern Nigeria located on Latitude 
11.16149⁰N and Longitude 7.64786⁰E 
 
Sample collection  
About 1 kg of two different varieties of maize (Yar Aure and Jar Masara) and groundnut (Mai 
Bargo and Yar Dakar) were collected in clean polyethene bags from different locations in 
Samaru Market, Zaria Northern Nigeria. The samples were taken to Mycotoxin laboratory at 
National Agency for Food and Drug Administration and Control (NAFDAC) Kaduna Area 
Laboratory located at Waff Road adjacent Mogadushu Barracks Kaduna, Nigeria, where the 
analysis was conducted based on Standard Operation Procedure (SOP) developed by WHO 
(2020). 
 
Determination of moisture content  
A flat dish of platinum material was dried and placed in an oven, later then, cooled in 
desiccator and weighed as W1. Five grams of the sample was introduced and spread in another 
platinum dish and weighed as W2. The dish and its contents were transferred into an air oven 
at 1050C to dry for about 3 hours. Using a pair of tongs, the dish is transferred into a desiccator 
and allowed to cool and weighed again. The dish and the contents were return to oven for 
about half an hour and cooled again in desiccator and weighed as W3. The result was 
calculated using the formula given below; 

% 𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 =
W2 − W3

W2 − W1
𝑋 100 

 
Determination of total aflatoxin 
After the samples were grinded for homogeneity using a warring blender; 5g of each sample 
was weighed into the reagent bottles and 25ml of 70:30% methanol was measured and added 



Aflatoxins Contamination Associated with Selected Maize (zea mays) and Groundnut (arachis hypogea) in 
Samaru-Zaria Market, Kaduna State, Nigeria  

 

Shuaibu R. U. et al, DUJOPAS 12 (2a): 300-308, 2026                                                                                303 
 

into the bottles containing the sample. The solutions were vigorously shaken using orbital 
shaker at 250 rounds per minute (rpm) for 3minutes for extraction of toxin into the solvent. 
Consequently, the solutions were then allowed to settle, and then filtered using Whattman 
filter paper.  About 20 ml of the filtrates were collected in the test tube and the colour present 
was removed using mycosep multifunctional clean-up column to remove other materials or 
co-extractives, which serves as interferences. Using Romer labs (Agra Quant Aflatoxin-1-
20ppb analytical test kit), 100µl of the filtrate was dispensed into antibody mixing well 
followed by 200µl of the conjugate and mixed, 100µl of standards (0, 1, 2, 4, 10, 20ppb) and the 
samples were pipetted using 100µl pipette and added into another antibody mixing wells 
respectively. Each well was mixed carefully by pipetting up and down about 3 times, after 
that; 100µl of contents was transferred immediately from each mixing well into a 
corresponding antibody coated micro well. The mixture was then allowed to incubate at room 
temperature for 15 minutes. After the period of incubation, each of the content of the micro 
well strips were then discarded and washed with distilled water, then, dried by hitting it 
against an absorbent (tissue paper). 100µl of the substrate was pipetted using a 100µl pipette 
and added into each micro well strip and allowed to incubate at room temperature for 5 
minutes, after which, a blue coloration developed, 100µl of stop solution was pipetted and 
dispensed into each micro well strip to stop the reaction (Abdurrazaq et al., 2022). 
  
Detection of aflatoxins 
On adding the stop solution, the colour changed from blue to yellow, the micro well strips 
were then measured using the ELISA reader with absorbance filter of 450nm and 
concentrations of the toxin were detected, therefore the aflatoxin concentration automatically 
generated (RIDASCREEN* aflatoxin total ELISA kits user guide, 2019). 
 
Data analysis 
Data obtained from the laboratory was analysed with SPSS-Statistical Package, using 
independent sample t-test. The comparison of mean aflatoxin between maize and groundnut 
samples was represented using Microsoft Excel.  
 
RESULT AND DISCUSSIONS 
Table 1: Mean concentration of aflatoxin (ppb) and moisture content (%) associated with 
maize and groundnut samples 

Analytes (Samples) Concentration of 
aflatoxin (ppb) 

Moisture content (%) P-Values 

Maize    

Yar aure 7.7± 0.07a 9.68 0.005 

Jar masara 0.5± 0.35b 8.83  

Groundnut    

Mai bargo 6.3± 0.21a 7.15 0.012 

Yar Dakar 2.5± 0.21b 6.11  

Mean ± Standard deviation, values with the different superscript across the rows are statistically different at 
p<0.05 using independent sample t-test. 

 
The results presented in Table 1 showed variation in the mean aflatoxin levels associated with 
maize and groundnut samples. Among the maize samples, Yar Aure recorded the highest 
mean aflatoxin concentration (7.7± 0.07ppb) compared to Jar Masara, which had a mean 
aflatoxin level of 0.5± 0.35ppb. The percentage moisture contents of Yar Aure and Jar Masara 
were 9.68% and 8.83% respectively. The variation observed in the mean aflatoxin levels might 
be attributed to differences in moisture content, which is a major factor influencing fungal 
growth and toxin production in stored grains. High moisture level generates favourable 
conditions for the growth of aflatoxin-producing fungi such as Aspergillus flavus and 
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Aspergillus parasiticus, thereby increasing the risk of aflatoxin contamination in maize. This 
could also be attributed to their genetic components. The lower aflatoxin contamination in Jar 
Masara, as observed in this study was in line with the findings Kumar et al., 2021 and Nji et 
al., 2022 moisture content was widely recognized as a key determinant in the susceptibility of 
grains to fungal infection and mycotoxin production. Grains stored at higher moisture levels 
tend to support fungal proliferation, which subsequently increases toxin production. The 
higher aflatoxin level observed in Yar Aure (7.7± 0.07ppb) compared to Jar Masara 0.5± 
0.35ppb might therefore be related to its slightly higher moisture content (9.68%), which might 
have enhanced fungal growth and aflatoxin accumulation.  
 
In addition to moisture content, genetic variation among maize varieties may also influence 
their susceptibility to fungal invasion and aflatoxin contamination. Some maize varieties 
possess natural resistance traits such as thicker seed coats and biochemical defense 
mechanisms that limit fungal colonization. The relatively lower aflatoxin contamination 
observed in Jar Masara in the present study is therefore consistent with the findings of Arifalo 
et al. (2022) who reported that some maize varieties demonstrate partial resistance to aflatoxin 
contamination. 
 
The results obtained in this study also consistent with findings of Abdurrazaq et al. (2022) who 
reported the occurrence of aflatoxin contamination in maize with aflatoxin B1 levels ranging 
from 1.86 to 58 ng/g in maize grain samples. Similarly, Shamsuddeen et al. (2017) found that 
approximately 33% of maize samples collected from different ecological zones in Nigeria were 
contaminated with contained aflatoxin levels exceeding 5 ppb. In addition to environmental 
conditions, poor post-harvest handling practices might have contributed to aflatoxin 
contamination.  
 
With regards to the groundnut samples analysed, Mai Bargo recorded the highest mean 
aflatoxin level (6.30 ppb), whereas Yar Dakar recorded the lowest mean aflatoxin level (2.50 
ppb), with corresponding moisture contents of 7.11% and 6.15%, respectively. The variation 
in aflatoxin contamination between these samples may be attributed to differences in moisture 
content and varietal characteristics that influenced fungal colonization and mycotoxin 
production. Recent studies confirmed the significant influence of moisture on aflatoxin 
contamination by Arifalo et al. (2022) observed that groundnut samples stored with elevated 
moisture levels recorded significantly higher aflatoxin concentrations compared with those 
maintained at safe moisture thresholds. Similarly, Ezekiel et al. (2020) reported widespread 
aflatoxin contamination in groundnut samples from Nigerian markets, noting that suboptimal 
drying and storage conditions contributed to the persistence of contamination. However, the 
relatively lower mean aflatoxin level observed in Yar Dakar may be associated with 
biochemical traits of the groundnut variety that inhibit fungal growth or toxin formation. This 
result was in agreement with the findings of Bonkoungou et al. (2024) reported that some 
groundnut varieties exhibit enhanced resistance to Aspergillus infection due to higher 
concentrations of phenolic compounds and natural antifungal metabolites, which collectively 
reduce fungal colonization and aflatoxin production. In addition, a recent study by Abubakar 
et al. (2024) verified this mechanism, showing that groundnut varieties with higher 
endogenous lipoxygenase activity had lower aflatoxin accumulation, possibly due to 
enhanced biochemical inhibition of Aspergillus growth.  
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Figure 1: Comparison of mean aflatoxin between two maize and groundnut samples. 

 
The results presented in Figure 1 show the mean comparison of aflatoxin concentrations 
between the maize and groundnut samples. Among the maize varieties, Yar Aure recorded 
the highest mean aflatoxin concentration (7.7± 0.07ppb), whereas Jar Masara had the lowest 
(0.5± 0.35). For groundnut, Mai Bargo exhibited the highest mean aflatoxin (6.3± 0.21), while 
Yar Dakar recorded the lowest (2.5± 0.21). Overall, aflatoxin contamination was lower in 
maize (0.5 ppb for Jar Masara) compared to groundnut (6.3 ppb for Mai Bargo and 2.5 ppb for 
Yar Dakar). This indicated that groundnut is generally more susceptible to aflatoxin 
accumulation than maize, consistent with previous observations by Ezekiel et al., (2020). In 
addition, the higher aflatoxin contamination observed in groundnut compared to maize may 
be influenced by intrinsic characteristics of the crops. Groundnuts are rich in lipids and 
proteins, and their kernels are more exposed to mechanical injury and insect attack, which can 
facilitate fungal colonization (Nji et al., 2022; Bonkoungou et al., 2024). In this study, Mai Bargo 
had slightly higher moisture content (7.11%) compared to Yar Dakar (6.15%), which may have 
created more favourable conditions for fungal growth and aflatoxin production, consistent 
with Arifalo et al. (2022) who demonstrated that moisture differences significantly affect 
aflatoxin levels in groundnut. 
 
CONCLUSION 
This research confirmed the occurrence of total aflatoxin contamination in both maize and 
groundnut samples analyzed. Comparative evaluation revealed that maize samples, 
particularly Yar aure, exhibited the highest aflatoxin concentration, whereas groundnut 
samples such as Mai bargo showed relatively lower levels. The lowest concentration was 
recorded in Jar masara. Despite the relatively low contamination levels observed, the presence 
of aflatoxin in both commodities remains a public health concern due to its cumulative and 
carcinogenic effects. Therefore, routine surveillance, improved post-harvest handling 
practices, proper storage conditions, and farmer awareness programs are strongly 
recommended to minimize the risk of future contamination. Further large-scale studies 
incorporating seasonal variation and molecular identification of aflatoxigenic fungi would 
provide deeper insights into contamination dynamics and long-term food safety management 
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RECOMMENDATIONS 
It is recommended that educating farmers and grain tradesmen about the possible presence 
of mycotoxin especially aflatoxin and its associated health risk, as well as, preventive 
measures to mycotoxins contamination of grains will reduce its occurrences, this can be 
achieved by enlightening the community by relevant stakeholders in Public Health and 
Agriculture. However, due to the effect of climatic conditions on fungal growth particularly 
the genus Aspergillus which results in serious contamination of agricultural products, more 
samples should be collected for analysis since aflatoxins are heterogeneous.  
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