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A B S T R A C T   

Milk and dairy products are the most important nutritional foods among all age groups. Aflatoxin M1 (AFM1) 
contaminates milk and makes its consumption potentially dangerous. Infants are mostly at risk because they are 
typically fed as many as six and more times per day, which is indeed a disquieting concern. This study aimed at 
evaluating AFM1 levels especially above international (European Food Safety Authority, EFSA) (0.05 µg/kg) and 
local (Ghana Standards Authority, GSA) (0.5 µg/kg) standards and cancer risks associated with the ingestion of 
raw cow milk (n = 120) sampled from Southern Ghana (Greater Accra, Volta, Western and Eastern Regions). 
AFM1 were measured with High-Performance Liquid Chromatography with a Fluorescence Detector (HPLC-FLD). 
Risk assessments were also conducted using models prescribed by the Joint FAO/WHO Expert Committee on 
Additives (JECFA). Out of the 120 samples analyzed for AFM1, 67 (55.8%) tested positive, 63 (52.5%) exceeded 
the limits of EFSA and were between the range 0.06 ± 0.001–3.52 ± 0.5 µg/kg whereas 50(41.7%) within the 
range of 0.50 ± 0.03–3.52.01 ± 0.5 µg/kg exceeded GSA limits. Risk assessments of AFM1 for infants, toddlers, 
children, adolescents, and adults ranged between 0.06 and 2.03 ng/kg bw/day, 197.04–6666.67, 0–0.0323 ng 
aflatoxins/kg bw/day and 1.94 × 10-3- 0.07 cases/100,000 person/yr respectively for Estimated Daily Intake 
(EDI), Margin of Exposure (MOE), Average Potency, and Cancer Risks. It was concluded that the consumption of 
raw milk posed adverse health effects on all age categories studied for the regions investigated. The use of raw 
cow milk may cause some problems and endanger the health of people of different age groups due to 
noncompliance with prescribed regulatory limits.   

1. Introduction 

Milk is a superb source of nutrients, being an aqueous colloidal 
suspension containing countless macro-and micronutrients that are 
essential for the growth, supply of energy, reproduction, maintenance 
and repair, appetite satisfaction and maintenance of human health [91, 
74]. In spite of the health benefits of milk, mycotoxins are one probable 
group of natural food contaminants which contaminate milk and render 
it unsafe for consumption when ingested, which may cause ailments and 
pose adverse health effects. 

Mycotoxins are natural toxins from fungi which contaminate a wide 
range of foodstuffs and render them potentially dangerous. 

Mycotoxins represent one of the main global foodborne risks for 
human health and are considered an important issue in the situation of 
food safety, due to their acute and chronic toxic effects on animals and 
humans [11,7]. 

Aflatoxins are mycotoxins produced by strains of Aspergillus flavus 
and A. parasiticus. Rao et al. [107] highlighted that they are compara-
tively the most known mycotoxins owing to their ubiquitous nature and 
persistence of Aspergillus sp. in the environment. Just about 4.5 billion 
people globally are at risk of disproportionate exposure to aflatoxins, 
which account for 4.6–28.2% of all cases of hepatocellular carcinoma 
[3]. Aflatoxins occur as five different types; aflatoxins B1, B2, G1, G2, and 
M1 produced primarily in cow milk by cows eating contaminated silage. 
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AFM1 contamination of milk and milk products at the global level is 
well established and has been reported in many countries [54]. AFM1 is 
a hydroxylated metabolite of AFB1 [15], that is, excreted in milk in the 
mammary glands of both humans and lactating animals [31,32]. AFB1 is 
reported to have a significant association with AFM1 and so it is possible 
to predict the outcome of AFM1 with knowledge of AFB1 [68]. Various 
studies in recent decades have been committed to reducing the 
bioavailability of AFB1 thereby reducing the levels of AFM1 in lactating 
dairy cows [68]. Approximately 0.3–6.2% of AFB1 is converted into 
metabolized AFM1 and excreted in milk, depending on factors such as 
the genetics of the animals, seasonal variation, the milking process and 
environmental conditions [106]. In spite of AFM1’s comparatively lower 
of about 10 times its carcinogenic potential as AFB1, it still can be a 
probable health hazard to humans, especially children, considering their 
high milk consumption, lower body weight, high metabolic rate, and 
incomplete development of excretory organs [66]. 

Globally, studies have also shown that the presence of AFM1 in milk 
and dairy products is an important health issue because in many coun-
tries, every age group regularly consumes these products in their daily 
diet [32], especially in developing countries [86]. Children and espe-
cially infants are among the human population, who require milk for 
proper development during growth and often consume milk in greater 
quantities [85]. Besides milk consumption, their propensity of exposure 
to aflatoxins is further increased through the consumption of comple-
mentary feeds prepared from cereals and legumes [5,56], which are 
foodstuffs prone to contamination by aflatoxigenic fungi (Aspergillus 
species). These complementary foods are formulated with milk again or 
consumed with milk. 

AFM1 are dispersed universally but are commonly found in tropical 
or subtropical climates where there is an extreme range of temperature, 
rainfall, and humidity [30]. AFM1 contamination can also occur during 
the processing and storage of milk and its products. However, it has the 
ability to withstand numerous ordinary methods of food treatment such 
as cooking, sterilization, and freezing, hence its appearance in milk and 
dairy products [83]. Novel methods for minimizing the occurrence of 
AFM1 in milk by engaging yeast and lactic acid bacteria (LAB) microbial 
extracts as well as lactic acid fermentation to ferment a variety of 
traditional foods have shown aptitude for aflatoxin degradation, 
nevertheless are yet to be completely discovered [27,53,71]. 

Additionally, prolonged consumption of aflatoxins is well known to 
cause impaired immune function, teratogenic mutagenic disability [97, 
35]. Aflatoxins have been reported to be associated with marasmus and 
kwashiorkor in children [99] and present some neurotoxic and 
neuro-immunotoxic effects of aflatoxin B1 as reported by Richard et al. 
[88]. Most importantly, aflatoxins have been reported to work 
concomitantly to worsen the risk of hepatocellular carcinoma (HCC), 
which is acknowledged to be the fifth most frequently occurring cancer 
in the world [44,64]. A previous study by Liu and Wu [65] estimated 
that about 5–28% of global HCC cases are attributable to aflatoxin 
exposure, which occurs mainly through diet. 

In view of these predicaments posed by mycotoxins (aflatoxins), 
limits are usually set by countries; eg. Europe (EFSA= 0.05 µg/kg) and 
other African countries such as Ghana (GSA= 0.5 µg/kg) to regulate the 
permissible levels to safeguard consumers from HCC attributable to 
AFM1 and some other negative health effects. In addition to setting 
regulatory limits for mycotoxins, it is also imperative to conduct health 
risk assessments in the population due to dietary exposure. A low-dose 
extrapolation approach introduced by the Joint FAO/WHO Expert 
Committee on Food Additives (JECFA) in 1997 and the margin of 
exposure (MOE) method proposed at the 64th JECFA meeting in 2005 
[16] were both recommended and have been widely used worldwide 
[100,48] to assess the risk of dietary exposure to mycotoxins. 

In Ghana, insufficient research has been done on the prevalence of 
AFM1 in milk and milk products. To the best of our knowledge, this work 
is the only one with the objective of determining the levels, dietary 
intake assessment, and cancer risk involved with the ingestion of AFM1 

through raw cow milk in southern Ghana. The outcome of this research 
will be expedient in informing policy makers on where to focus 
regarding food safety, particularly fungal intoxication of foods. Again, in 
adopting international legislations on food quality parameters. Lastly, 
contamination of raw cow milk with AFM1 should be considered a high 
priority for Ghana’s mycotoxin risk management actions. 

2. Materials and methods 

2.1. Chemicals and standards 

The analytical standard of AFM1 was supplied by Sigma-Aldrich (St. 
Louis, MO, USA). All solvents used for the preparation of the mobile 
phase were HPLC grade and obtained from Merck (Darmstadt, Ger-
many). All homogenized mixtures and eluates were filtered through 
Whatman no. 4 and 0.45 mm membrane filters, respectively (Whatman 
plc, Maidstone, UK). De-ionized water was obtained with a Millipore 
Elix Essential purification system (Bedford, MA, USA). EASI-extracted 
AFM1 immunoaffinity columns (stored at 4 ◦C until use) were supplied 
by R-Biopharm, Rhone limited and used for SPE and cleanup. 

2.2. Preparation of standard solutions 

A mother stock solution (0.1 μg/mL) was prepared from a standard 
solution of AFM1 (0.993 μg/mL in acetonitrile) and stored with care in a 
freezer. A working stock solution of 0.01 μg/mL was diluted step by step 
with the combined solution (acetonitrile/water, 75/25, v/v) to prepare 
a sequence of working solutions which were stored in vials below 4 ºC 
for the calibration curve. Calibration solutions of 0.02 μg/kg, 0.04 μg/ 
kg, 0.06 μg/kg, 0.08 μg/kg, and 0.10 μg/kg were used. Samples with 
AFM1 amount above the calibration range were diluted and dilution 
factors applied for quantification as outlined by EN ISO 14501:2007 
[101]. 

3. Materials 

A total of one hundred and twenty (n = 120) raw cow milk samples 
were used in this study. Thirty (30) raw cow milk samples were obtained 
from local markets in each region; Greater Accra, Volta Region, Western 
and Eastern Regions of Ghana (Table 1) between the period of March 
and July 2021. Milk samples were stored in coolers with ice packs and 
transported to the laboratory and analyzed for AFM1. 

3.1. Preparation of samples 

After warming at about 37 ºC in a water bath, the samples were 
centrifuged at 2000 g to separate the fat layers and then filtered. The 
prepared test portion of 50 mL was transferred into a syringe barrel 
attached to AFM1 immunoaffinity column and passed at a slow steady 
flow rate of 1–2 mL/min. The columns were then washed with 20 mL 

Table 1 
Geographical location and some attributes of the origins of raw cow milk 
samples.  

Region No. of 
samples 

Agro- 
ecological 
zones 

Rainfall 
(mm) 

Temperature 
(oC) 

Coordinates 

Greater 
Accra 

30/120 Coastal 
Savannah 

800–1000  26.6 5.8143◦N, 
0.0747◦ E 

Volta 30/120 Coastal 
Savannah/ 
Deciduous 
Forest 

1000–1400  26.2 6.5781◦N, 
0.4502◦ W 

Western 30/120 Evergreen 1800–2000  25.9 5.3902◦N, 
2.1450◦W 

Eastern 30/120 Deciduous 
Forest 

1400–1900  25.9 6.2374◦N, 
0.4502◦W  
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deionized water and air was passed through the columns to dryness. 
AFM1 was eluted with 4 mL pure acetonitrile by allowing it to be in 
contact with the column for not less than 60 s. The eluate was evapo-
rated to dryness using a gentle streams of nitrogen. The residue was 
dissolved in 500 µl of mobile phase and filtered using a membrane filter 
before injected into HPLC for quantification (EN ISO 14501:2007) 
[101]. 

4. Instrumentation 

Agilent high performance liquid chromatography system (HPLC 
1260 infinity series) with a quaternary pump and fluorescence detection 
was used for AFM1 quantification analysis and was carried out as per the 
method given by EN ISO 14501:2007 [101]. Data acquisition and 
quantification was done using Chem station (Open Lab edition). The 
Agilent HPLC equipped with a fluorescence detector was set at an 
excitation wavelength of 360 nm and an emission wavelength of 440 nm 
and the column compartment (HPLC Column: TC-C18 (2), 170, 5 µm, 4, 
6 × 250 mm; thus, pore size of 170, particle size of 5.0 µ, inner diameter 
of 4.6 mm, length of 250 mm and carbon load of 12%) temperature 
regulated at 35 ◦C. The mobile phase was a mixture of water and 
acetonitrile at ratios of 25:75 (v/v), respectively, and an isocratic de-
livery mode was employed at a flow rate of 0.8 mL/min with an injection 
volume of 10 µl. 

5. Validation 

HPLC-FLD method was validated according to the guidelines of Eu-
ropean Commission Decision 657/2002/EC for confirmatory analysis 
methods and the tested parameters were linearity, limit of detection 
(LOD), limit of quantification (LOQ), accuracy, precision and selectivity. 
The linearity was assessed by constructing five-point solvent matched 
calibrations in triplicate for AFM1 standard solutions in the concentra-
tion range of 0.05–0.8 mg/L. Calibration curves were drawn by plotting 
the peak area against AFM1 concentration, and linearity was evaluated 
by linear regression analysis expressed as coefficient of determination 
(r2). 

Precision of the method was estimated in terms of % RSD of three 
identical extractions of milk samples spiked with AFM1 at the same as 
well as at three different spiking levels. Method selectivity was evalu-
ated by analyzing AFM1 known negative milk matrix and reagent blank 
to determine any interference from endogenous substances around the 
retention time of the target analyte. 

6. Risk assessment of exposure to AFM1 via consumption of milk 

6.1. Estimation of exposure 

Estimated Daily Intake (EDI) was considered by using the mean 
quantities of aflatoxins derived from the milk samples, the quantity of 
sample consumed daily, and the average body weight. The EDI for mean 
aflatoxin was premeditated according to the following formula (1) and 
expressed in μg/kg of body weight/day (μg/kg b.w/day) [26,92].  

EDI = daily intake (food) X mean level of AFM1 average bodyweight     (1) 

Daily intake of milk in Ghana according to Omore et al. [76] is 
approximately 0.0137 kg/day (5.0 kg/year). 

The different age categories according to EFSA (Panel on Dietetic 
Products and Allergies) (2009) and their corresponding estimated 
average weights in Ghana used in this study were done as follows; In-
fants- 2.9 (2.5–3.2) kg [4,62], Toddler − 9.8 (7–12.6) kg [1,39], Chil-
dren − 26 (24–28) kg [19,79], Adolescents- 46.25 (38.5–54) kg [10], 
Adults- 60.7 kg [108]. 

6.2. Margin of exposure characterization for aflatoxins 

Genotoxic and carcinogenic 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 
[9,25,29,37] as expressed in Eq. (2).  

MOE= Benchmark dose lower limit EDI (Exposure)                             (2) 

The EFSA [24] identified the liver carcinogenicity of aflatoxins as the 
critical consequence of the risk assessment; therefore, the benchmark 
dose lower confidence limit for a benchmark response of 10% (BMDL10) 
regarding the frequency of hepatocellular carcinomas (HCCs) in male 
rats was considered. In the absence of a specific BMDL10 for AFM1, the 
BMDL10 for HCCs related to the ingestion of AFB1 (0.4 μg/kg or 400 
ng/kg body weight per day) [25,90] was used in the present study for 
the definition of MOE applying a potency factor. A public health alarm is 
raised in instances where MOEs are less than 100,000 [9,37,57]. 

6.3. Estimated liver cancer risk due to consumption of raw cow milk 

The ingestion of aflatoxins can be linked to the onset of liver cancer 
[95]. Therefore, liver cancer risk estimation for Ghanaian adult con-
sumers was calculated for aflatoxins [95]. 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 [38] estimated potency values for AFM1 which corre-
sponded to 0.3 cancers /year/100,000 population ng/kg bw/day (un-
certainty range: 0.05–0.5) in HBsAg-positive individuals and 0.01 
cancer/year/100, 000 population/ ng/kg bw/day (uncertainty range: 
0.002–0.03) in HBsAg-negative individuals [95] were adopted for this 
calculation. Furthermore, the average HBsAg+ prevalence rate of 7.74% 
(adult-8.36%, 14.3%-adolescents, 0.55%-children) in Ghana [2] was 
adopted and 92.26% (100–7.74%) was extrapolated for HBsAg-negative 
groups. Hence, the average potency for cancer in Ghana was estimated 
as follows according to Eq. (7) as prescribed by Shephard [95] and 
Adetunji et al. [9]:  

Average potency = [0.03 x HBsAg –negative individuals in Ghana] + [0.01 x 
HBsAg- positive individuals/prevalence rate in Ghana]                          (3) 

(0.3 × 0.077) + (0.01 × 0.9226). 
= 0.0323. 
Thus, the Cancer risk (cancers per year per 100,000 population per 

ng aflatoxin/kg bw/day) was estimated using the following formula in 
Eq. (8) [57,9]:  

Cancer Risk = Exposure (EDI) × Average potency                               (4)  

7. Statistical analysis 

The aflatoxin concentrations were calculated using regression anal-
ysis from the curves generated from the standards of AFM1 with Excel for 
Microsoft Windows (version 10). One sample t-test was used to compare 
the means obtained at a 95% confidence interval and 5% level of sig-
nificance. The statistical results were summarized as median, standard 
deviation, variance, skewness, standard error of skewness, kurtosis and 
standard error of kurtosis and mean values (range from the 25th 
percentile to the 75th percentile). SPSS 22 (Chicago, USA) was used in 
the analysis of data. Deterministic risk assessment models were used; 
dietary exposure (Estimated Dietary Intake), MOE values, Average po-
tency, and cancer risk. 
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8. Results 

8.1. Occurrence of aflatoxins 

Most of the food samples tested produced good linearity or co-
efficients of correlations (R2 > 0.990) within the tested range. The mean 
recovery percentage of AFM1 in spiked milk samples were found be-
tween 80.5% and 84.07% with % RSD from 3.19 to 5.42. Since the re-
coveries and % RSD were within the EC regulation. 

The number of raw cow milk samples contaminated with AFM1 is 
presented in Tables 2 and 4. The level of occurrence of the AFM1 ranged 
between 0 and 2.61 µg/kg, 0–3.04 µg/kg, 0–3.52 µg/kg, and 0–2.11 µg/ 
kg respectively for Greater Accra, Volta, Western and Eastern Regions. 
Greater Accra Region (GTA) recorded 0.26, 0.010, and 0.371 µg/kg for 
mean, median, and variance, respectively, while the skewness and 
kurtosis were 2.81 and 7.77 respectively and showed that the data set of 
AFM1 obtained in this town was asymmetrical and heavy-tailed 
(Table 2). The lower and upper limits were 0.031 and 0.486, respec-
tively, and showed statistical differences (P < 0.05) (Table 3). For Volta 
Region (VR), values of 0.54, 0.00, and 0.65 µg/kg were recorded from 
the summary statistics as mean, median, and variance, respectively, 
while 1.59 and 2.13 were recorded as skewness and kurtosis and implied 
moderate skewness and light-tailed. The upper and lower limits were 
0.234 and 0.837. Values significantly differed (P < 0.05) (Tables 2 and 
3). The mean, median, and variance recorded for Western Region (WR) 
were 0.86, 0.63, and 0.89 µg/kg, respectively. While the data set showed 
symmetrical and light-tailed as, the skewness and kurtosis were 0.92 and 
0.33, respectively (Table 2). Values of 0.503 and 1.206 were recorded as 
upper and lower limits. There were significant differences (P < 0.05) 
observed (Table 3). For Eastern Region (ER), the recorded mean, me-
dian, and variance were 0.67, 0.67, and 0.40 µg/kg, respectively. The 
data set for ER was fairly symmetrical and light-tailed (0.49 and − 0.67 
for skewness and kurtosis, respectively. Upper and lower limits of 0.431 
and 0.902 were, respectively, recorded. There were statistically signif-
icant (P < 0.05) differences (Tables 2 and 3). 

The European Food Safety Authority (EFSA) and Ghana Standards 
Authority (GSA) regulatory limits for AFM1 (Table 4) were used in this 
study. Toxin quantity thresholds prescribed by the Ghana Standards 
Authority are a subset of the European Food Safety Authority (EFSA). 
Regarding the frequency and (percentage %) of positive (Yes) AFM1 
contaminated milk samples above the various permissible limits, The 
Greater Accra Region (GTA) recorded 13(43.3%) and ranged between 
0.06 ± 0.001–2.61 ± 0.7 µg/kg and 4(13.3%) with 1.21 ± 0.15–2.61 ±
0.6 µg/kg tested positive for EFSA and GSA, respectively. The overall 
AFM1 positive samples were 15 (50.0%). For Volta Region (VR), AFM1 

values of 12(40.0%) which ranged between 0.55 ± 0.02–3.04 ± 0.7 and 
12(40.0%) of 0.55 ± 0.02–3.04 ± 0.7 µg/kg. An overall positive AFM1 
of 12(40.0%) was recorded. Western Region (WR) recorded total afla-
toxin values of 18 (60%) within the range of 0.08 ± 0.001–3.52 ± 0.5 
µg/kg and 17 (56.7%) within the range of 0.50 ± 0.03–3.52 ± 0.5 µg/kg 
were recorded. Values of 20 (66.7%) were recorded as overall positive 
AFM1 for the samples tested. In the Eastern Region (ER), AFM1 values of 
20(66.7%) within a range of 0.09 ± 0.001–2.11 ± 0.4 µg/kg and 17 
(56.7%) within a range of 0.61 ± 0.02–2.11 ± 0.4 µg/kg were recorded. 
Values of 20(66.7%) were recorded as positive AFM1 among the sam-
ples. Out of the 120 samples analyzed for AFM1, 63% exceeded the limits 
of EFSA and were within the range of 0.06 ± 0.001–3.52 ± 0.5 µg/kg. 
While for GSA, 50 (41.7%) of samples exceeded and ranged between 
0.50 ± 0.03–3.52 ± 0.5 µg/kg. Values of 67(55.8%) were recorded as 
the grand frequency and percentage of positive AFM1 among the 
samples. 

8.2. Risk assessment 

The Estimated Daily Intakes (EDI) of total aflatoxins in the raw cow 
milk samples from Greater Accra (GTA) Region were 0.61, 0.36, 0.14, 
0.08, and 0.06 ng/kg bw/day for infants, toddlers, children, adolescents, 
and adults respectively. The Margin of Exposure (MOE) values recorded 
were 655.74, 1111.11, 2857.14, 5000.00, and 6666.67, respectively. 
The average potency of the aflatoxins was 0.0323 aflatoxins ng/kg bw/ 
day and produced cancer risks of 0.02, 0.01, 4.5 × 10-3, 2.58 × 10-3 and 
1.94 × 10-3 cases/100,000 person/yr respectively (Table 5). Samples 
from Volta Region (VR) recorded EDI values of 1.28, 0.75, 0.29, 0.16, 
and 0.12 ng/kg bw/day for infants, toddlers, children, adolescents, and 
adults respectively. MOE values of 312.50, 533.33, 1379.31, 2500.00, 
and 3333.33. Average potency was same. Cancer risks of 0.04, 0.02, 
9.37 × 10-3, 5.1 × 10-3, and 3.88 × 10-3 cases/100,000 person/yr 
respectively for these age categories were recorded (Table 5). In Western 
Region (WR), the EDI values recorded for infants, toddlers, children, 
adolescents, and adults were 2.03, 1.20, 0.45, 0.25, and 0.19 ng/kg bw/ 
day respectively. MOE values recorded were 197.04, 333.33, 888.89, 
1600.00, and 2105.26, respectively. The average potency was the same 
as other regions, while the cancer risks were 0.07, 0.04, 0.014, 8.08 ×
10-3 and 6.14 × 10-3 cases/100,000 person/yr respectively (Table 5). 

Lastly, for the Eastern Region (ER), the EDI values recorded for in-
fants, toddlers, children, adolescents, and adults were 1.58, 0.94, 0.35, 
0.20, and 0.15 ng/kg bw/day respectively. MOE values recorded were 
253.16, 425.53, 1142.85, 2000.00, and 2666.67, respectively. The 
average potency was the same as other regions, while the cancer risks 
were 0.05, 0.03, 0.01, 6.46 × 10-3 and 4.85 × 10-3 cases/100,000 per-
son/yr respectively (Table 5). 

9. Discussion 

9.1. Occurrence of AFM1 

Milk is consumed by most Ghanaian across all age categories; infants, 
toddlers, children, adolescents, and adults. Milk consumed by children 
and adults which are typically added to boiled tea and porridge while 

Table 2 
Summary of statistics of AFM1 concentration in raw cow milk obtained from four 
different regions of Ghana.   

Greater Accra 
Region 

Volta 
Region 

Western 
Region 

Eastern 
Region 

No. of samples  30  30  30  30 
Mean  0.26  0.54  0.86  0.67 
Std. Error of 

Mean  
0.111  0.147  0.172  0.115 

Median  0.010  0.000  0.625  0.665 
Std. Deviation  0.608  0.807  0.942  0.631 
Variance  0.371  0.652  0.887  0.398 
Skewness  2.814  1.590  0.916  0.494 
Std. Error of 

Skewness  
0.427  0.427  0.427  0.427 

Kurtosis  7.769  2.133  0.334  -0.670 
Std. Error of 

Kurtosis  
0.833  0.833  0.833  0.833 

Range  2.61  3.04  3.52  2.11 
Percentiles 25  0.000  0.000  0.000  0.000 
50  0.010  0.000  0.625  0.665 
75  0.130  0.968  1.705  1.100  

Table 3 
Statistics of the AFM1 concentrations using one sample t-test of raw cow milk 
samples from different regions.       

95% confidence 
interval of the 
difference  

t df Sig. (2-tailed) Mean Difference Lower Upper 

GTA  2.327  29  0.027  0.259  0.031  0.486 
ER  5.787  29  0.000  0.667  0.431  0.902 
VR  3.635  29  0.001  0.536  0.234  0.837 
WR  4.969  29  0.000  0.855  0.503  1.2064  
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infants and toddlers are fed with raw milk. Considering the present 
findings, we detected comparatively moderate levels of AFM1 contam-
ination in raw cow milk samples obtained from the regions of Southern 
Ghana as investigated. Our results of 0–3.52 µg/kg (3520 ng/kg) 
compared favorably well with some published findings of some re-
searchers around the globe. In Ghana, Addo-Boadu [6] recorded AFM1 
levels of range of 0.35–3.76 µg/L (350–3760 ng/L) in raw milk and milk 
products samples from Greater Accra Region. In Tanzania, studies con-
ducted on raw cow milk samples revealed 83.3% (31/37) of aflatoxin 
contamination in cows that fed on sunflower cake in the range of 
0.026–2.007 µg/kg (26–2007 ng/kg) (exceeding both Tanzania‘s and EC 
allowable value which is 0.05 µg/kg [69]. 

Several studies have reported the occurrence of AFM1 in milk and 
dairy products. Milk samples from urban centers in Kenya contained 
AFM1 up to 6800 ng/L [52]. In Sudan, 95% of milk was contaminated 
with AFM1 ranging between 220 and 6800 ng/L [28], whereas 6–527 
ng/L of AFM1 was detected in 15% of cow milk samples from Cameroon 
[102]. The concentration of AFM1 varied between 150 and 170 ng/L in 
commercial and rural milk in South Africa [70], while 100% of milk 
samples in Nigeria contained AFM1 and the levels were within the range 
of 0.004–0.845 µg/L (4–8450 ng/l). Goncalves et al., [40] reported 
AFM1 levels in fresh bovine milk to be in the range of 0.09–3.385 µg/L 
(90–3385 ng/L) per their work. The least amount of data is available 
from African countries, nonetheless the available data suggest the 
highest prevalence and frequent detection levels [34]. Lower values 
were recorded by [110] in milk from Sudan and found 33% of the milk 
samples with the highest occurrence (82.4%) in cow milk (35.3% ranged 
between 0.05 and 0.1 μ/kg and 47.1% ranged between 0.1 and 0.15 
μ/kg) and milk samples from camel in semi-intensive systems (15.6% 
ranged between 0.05 and 0.1 μg/kg). Again, all samples of milk from 
traditional nomadic systems indicated an absence of AFM1. 

Makun et al. [67] also reported contamination of raw cow milk with 
AFM1 at levels higher than the EU permitted levels in Nigeria. In their 
study, contamination of raw cow milk (from nomadic cows) with AFM1 
ranged from 0.0109 to 1.3543 µg/L (10.9–1354.3 ng/L) with and an 
average concentration of 0.5308 ± 0.0938 µg/L (530.8 ng/L). For 
commercial cow’s milk, AFM1 contamination ranged between 0.0464 
and 0.0992 (46.4–99.2 ng/L) and 0.0584 ± 0.0052 µg/L (58 ng/L) as the 
mean. A similar trend regarding levels of AFM1 contamination of 0.05 
µg/kg has also been reported in a study conducted in Brazil by Jager 
et al. [51]. In Egypt, Amer and Ibrahim [13] reported a prevalence of 38 
positive samples with a range of 0.023–0.073 µg/L (23–73 ng/L) in raw 
milk. Moreover, Rahimi et al. [87] reported mean values of 0.0601, 
0.0319, 0.0190, 0.0281, and 0.0301 µg/L (60.1, 31.9, 19.0, 28.1 and 
30.1 ng/L) respectively for raw cow, water buffalo, camel, sheep and 
goat milk from Iran. 

Worthy of note, milk in Europe is time and again analyzed for AFM1 
and is also averred to be of low AFM1 content and perceived to be the 
safest [12]. In Portugal, Duarte et al. [23] reported values of n.d-0.069 
µg/L (nd-69.0 ng/L) in 99.4% positive raw milk samples. In Spain, 
Rodríguez-Blanco et al., [89] and Cano-Sancho et al. [20] reported 
ranges of n.d-0.2 µg/L (n.d-200 ng/L) and 0.009–1.36 µg/L (9–1360 
ng/L) respectively for raw milk samples. In Serbia, Kos et al. [58] and 
Tomašević et al. [103] reported ranges of 0.01–1.2 µg/L (10–1200 ng/L) 

Table 4 
Proportions of AFM1 concentrations of raw cow milk samples that exceeded limits of the European Food Safety Authority (EFSA) and Ghana Standard Authority (GSA).  

Region No. of samples Exceeding EFSA regulation Exceeding GSA regulation Overall positive with AFM1    

Yes (%) Range Yes (%) Range  
Greater Accra  30 13 (43.3%) 0.06 ± 0.001–2.61 ± 0.7 4 (13.3%) 1.21 ± 0.15–2.61 ± 0.6 15 (50.0%) 
Volta  30 12 (40%) 0.55 ± 0.02–3.04 ± 0.7 12 (40%) 0.55 ± 0.02–3.04 ± 0.7 12 (40.0%) 
Western  30 18 (60%) 0.08 ± 0.001–3.52 ± 0.5 17 (56.7%) 0.50 ± 0.03–3.52 ± 0.5 20 (66.7%) 
Eastern  30 20 (66.7%) 0.09 ± 0.001–2.11 ± 0.4 17 (56.7%) 0.61 ± 0.02–2.11 ± 0.4 20(66.7%) 
Total  120 63 (52.5%) 0.06 ± 0.001–3.52 ± 0.5 50 (41.7%) 0.50 ± 0.03–3.52 ± 0.5 67(55.8%) 

European Union Food Safety (EFSA) limit for AFM1 = 0.05 µg/kg 
Ghana Standards Authority (GSA) limit for AFM1 = 0.5 µg/kg. 

Table 5 
Risk evaluation for AFM1 via consumption of raw cow milk.  

Region Age category Av. 
body 
Wgt. 
(kg) 

Estimated 
Daily Intake 
(EDI) (ng/ 
kgbw/day) 

MOE Cancer Risk 
(Cases/ 
100,000 
person/yr) 

Greater 
Accra 

Infants 
(0–11mths)  

2.9  0.61  655.74 0.02  

Toddlers 
(12–35mths)  

9.8  0.36  1111.11 0.01  

Children 
(36mths- 
10yrs)  

26  0.14  2857.14 4.5 × 10-3  

Adolescents 
(11–17 yrs)  

46.25  0.08  5000.00 2.58 × 10-3  

Adults 
(18–64 yrs)  

60.7  0.06  6666.67 1.94 × 10-3 

Volta Infants 
(0–11mths)  

2.9  1.28  312.50 0.04  

Toddler 
(12–35mths)  

9.8  0.75  533.33 0.02  

Children 
(36mths- 
11yrs)  

26  0.29  1379.31 9.37 × 10-3  

Adolescents 
(11–17 yrs)  

46.25  0.16  2500.00 5.17 × 10-3  

Adults 
(18–64 yrs)  

60.7  0.12  3333.33 3.88 × 10-3 

Western Infants 
(0–11mths)  

2.9  2.03  197.04 0.07  

Toddlers 
(12–35mths)  

9.8  1.20  333.33 0.04  

Children 
(36mths- 
10yrs)  

26  0.45  888.89 0.014  

Adolescents 
(11–17 yrs)  

46.3  0.25  1600.00 8.08 × 10-3  

Adults 
(18–64 yrs)  

60.7  0.19  2105.26 6.14 × 10-3 

Eastern Infants 
(0–11mths)  

2.9  1.58  253.16 0.05  

Toddlers 
(12–35mths)  

9.8  0.94  425.53 0.03  

Children 
(36mths- 
10yrs)  

26  0.35  1142.85 0.01  

Adolescents 
(11–17 yrs)  

46.3  0.20  2000.00 6.46 × 10-3  

Adults 
(18–64 yrs)  

60.7  0.15  2666.67 4.85 × 10-3 

Margin of Exposure-MOE 
Mean of AFM1- GTA= 0.26 µg/kg, VR= 0.54 µg/kg 
Daily intake of milk for infants was halved (0.5 ×0.0137 kg) 
Average potency of aflatoxin= 0.0323 
Average Body weights were obtained from the different ranges referenced by the 
authors 1 µg= 1000 ng 
1 µg= 1000 ng 
Means of AFM1- WR-0.86 µg/kg, ER- 0.67 µg/kg. 
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and 0.09–0.145 µg/L (90–1450 ng/L) respectively for milk. Further-
more, in Croatian milk, values of 0.006—0.027 µg/L (6–27 ng/L) were 
reported by Bilandžić et al. [18]. AFM1 levels recorded in Italy by Bellio 
et al. [17] and De Roma et al. [21], all pointed at results below 0.05 
µg/kg. 

In other parts of the world, greater quantities of AFM1 have been 
reported across the globe. Lee et al. [63] from South Korea reported 
values of 0.22–6.9 µg/l (220–6900 ng/L) in raw milk. In Pakistan, Iqbal 
and Asi [50] reported values of 0.02–3.09 µg/l (20–3090 ng/L). Iha et al. 
[49] from Brazil, reported 83% of the milk samples tested positive for 
AFM1, in a range of 0.008–0.760 ng/g and in India, almost half of the 
analyzed milk was contaminated, with 44% being above EU limit [72]. 
Recently, Kaur et al. [53] reported AFM1 values of 0.314 ± 0.35 ppb in 
milk samples in India. 

The contamination prevalence and levels of AFM1 in raw milk ob-
tained in this study may be due to the reason that dairy animals kept in 
local dairy farms were fed with compound rations stored under poor 
conditions, which can be contaminated with aflatoxins. Hot and humid 
climatic conditions prevailing in Ghana (Table 1) are very conducive for 
fungal invasion, growth, and production of mycotoxins including afla-
toxins in food and feed commodities [93]. Unseasonal rains and related 
flash floods are widespread, and this increases the moisture content of 
the grains and other feedstuff, and therefore its vulnerability to fungal 
attack. Indeed, a number of previous reports indicated the presence of 
high levels of aflatoxins in dairy animals, feed and ingredients from 
Ghana. 

Moreover, most of the dairy farmers prefer to feed cereals (maize, 
wheat etc) or agricultural or oilseed byproducts (peanuts, soybean, etc.) 
to their dairy animals and such aflatoxin susceptible feed materials 
constitute more than 70% of cattle feed [93]. Therefore, if such high 
aflatoxin contaminated the feedstuff included in the diet of dairy ani-
mals, there is always a great possibility of AFM1 appearance in milk at 
high levels. Other probable factors which may play an important role in 
the high levels of AFM1 in milk in this study include poor farm man-
agement practices specially feed storage practices, no legal limits of 
aflatoxins exist for livestock feed and lack of knowledge among dairy 
farmers in relation to aflatoxins. 

Aflatoxin exposure early in life has been associated with impaired 
growth, particularly stunting [43]. Furthermore, early exposure to af-
latoxins is a potential risk for synergistic interactions with other toxins 
as subjects grow [14,55]. A recent scoping review by Soriano et al., [99] 
has shown the presence of these aflatoxins appeared in greater propor-
tion in kwashiorkor in children and in different organs and in biological 
samples including brain [81], heart [81], kidney [8], liver [80], lung 
[82], serum [77], stool [22], and urine [102,46,77], whereas in 
marasmic kwashiorkor they were detected in liver [47], serum [77], and 
urine [22,77]. Weaning, a transition period of a child from breast milk to 
other sources of food, often results in a marked decrease in nutrient 
intake in developing countries [61]. One possible variable contributing 
to poor child health in developing countries is the increased exposure to 
aflatoxin contaminated foods following weaning [41]. 

Gizachew et al. [36] and ̌Skrbić et al. [98] emphasized several factors 
such as geographical region, season, type and quality of feed, feed 
storage conditions, and processing methods and conditions are respon-
sible for the variability of AFM1 in milk and dairy products. Lack of fresh 
forage as feed might have led to longer storage of hay or feed leading to 
contamination of Aspergillus sp. leading to AFB1 contamination and ul-
timately biotransformed into AFM1 [68]. 

9.2. Risk assessment 

Aflatoxins are unaffected by many food processing techniques such 
as boiling or pasteurization, etc. as they are heat stable [59]. There is 
always a risk involved with their association with food or feed. Risk 
estimations as explained by Liu and Wu [65] as well as Kuiper-Goodman 
[60] are modeled to predict the magnitude of adverse health 

implications of mycotoxin exposure and guide food regulators to set 
thresholds for these toxins in foodstuffs. MOE results obtained in this 
study implied a high risk for infants, children, and adolescents (total 
aflatoxins). Our results showed a high risk for cancer due to AFM1 
exposure from milk consumption for infants, toddlers, children, ado-
lescents, and adults. Considering the EDI values obtained in a study by 
Addo-Boadu [6] in Ghana for infants, i.e., 3.679 ± 2.213 and 2.445 ±
2.001 ng/kg bw/day, it exceeded 1 ng/kg bw/day by far and indicated a 
serious risk to AFM1 through raw cow milk consumption for this age 
category. 

Our results again agreed with the published findings of Kaur et al. 
[53] as they reported EDI and HCC values of 2.30 and 0.0020–0.0106, 
respectively. Their health risk assessment indicated that consumers, 
especially children, in the study area are at comparatively higher health 
risk to AFM1 owing to their low body weight and higher milk intake. 

The incidence of liver cancer in Iran was 3.53 cancers per year per 
105 persons or 3530 cancers/yr/108 persons [33] and AFM1 intake 
through yoghurt contributed 0.023–0.048 cancers/yr/108 person for 
mean consumers and 0.028–0.069 cancers/yr/108 person for high 
consumers. Therefore, their findings indicated AFM1 in yoghurt 
contributed a slight part of the overall incidence of liver cancer in the 
Iranian population. The intake of AFM1 and liver cancer incidence due to 
the consumption of this mycotoxin through yoghurt and milk have been 
reported in other countries including China, Spain, Greece, and Serbia 
[20,45,105]. The range of liver cancer incidence or hepatocellular car-
cinoma (HCC) due to AFM1 intake through milk and yoghurt was 
0.025–0.033 case or cancers/yr/108 person in China, was similar to the 
results of this study in Serbia and Greece was 3.6–0.4.7 and 0.7–0.9 case 
or cancers/yr/108 person, respectively that it was higher than the cur-
rent study. These distributes were related to the AFM1 level and con-
sumption value of yoghurt. 

Findings of studies by Serraino et al. [94] from Italy showed the EDI 
of AFM1 in different population groups was in the range of 0.025– 0.328 
ng kg-1 body weight (bw) per day, based on the average consumption 
levels and weighted mean contamination of milk in the study period. 
The estimated fractions of HCC incidences attributable to AFM1 intake 
were 0.005 and 0.004 cases per 100,000 individuals in the 0–0.9 and 
1–2.9-year age groups, respectively, and below 0.004 cases in the other 
age categories which posed adverse health consequences. Trevisani et al. 
[104] in a related study, we reported 0.011–0.057 cases/100,000 people 
in different age categories in an Italian population. The estimated frac-
tion of the incidence of HCC in the Italian population projected a slight 
increase in cases due to milk consumption. 

Contrariwise, a recent study by Njombwa et al. [73] from Malawi, 
reported a probable mean daily exposure to AFM1 for adults as 4.98 ±
7.25 ng/kg bw/day and almost double for children (8.28 ± 11.82 ng/kg 
bw/day). Estimated risks of AFM1-induced HCC associated with con-
sumption of milk among children and adults were 0.038 and 0.023 cases 
per 100,000 individuals per year, respectively. Their results suggested a 
low risk of hepatocellular carcinoma (HCC). 

In this study, EDI were moderate compared with other EDI values 
reported globally. This implies a reasonably significant impact of afla-
toxins on the nutritional status of humans. Gong et al. [42] observed that 
aflatoxin exposures were to some extent linked to nutrient deficiency in 
humans following the suggestion that aflatoxin exposure expedites in-
testinal damage resulting in a decline in nutrient absorption. A note-
worthy positive link between aflatoxin prevalence and zinc and vitamin 
A deficiency was also established by Watson et al. [109]. Furthermore, a 
study in Ghana reported that subjects with high exposure to the toxin 
were more likely to suffer deficiencies of vitamins A and E [75]. A strong 
association between anemia and aflatoxin has been reported in Ghana 
[96] showed that aflatoxin exposure may contribute partly to the high 
iron deficiency prevalent in children in developing countries including 
Ghana. 

The consumption of aflatoxins at high levels in a single dose or 
repeatedly for a brief period induces acute intoxication, henceforward 
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labeled aflatoxicosis in humans and animals with typical symptoms, 
including jaundice, lethargy, nausea, edema, hemorrhagic necrosis of 
liver tissues, bile duct hyperplasia, and eventually death (10–60%) 
subsequent to severe liver damage [84]. While there is no accord on the 
specific dose of aflatoxins that triggers acute toxicity in humans, it is 
well recognized that such a dose is highly adjustable depending on many 
factors, including age, gender, health and nutritional status, presence or 
absence of underlying factors such as chronic viral hepatitis, alcoholism, 
smoking, cirrhosis, exposure to hepatotoxic microcystins); and it is 
lowest in youngsters, as validated by the highest death rates of this 
age-group in aflatoxicosis outbreaks [78]. 

In the face of the anticipated risk of cancer incidence that can be 
gotten from AFM1 in this study, the effects of AFM1 on health, and 
especially the combined effects of mixtures of mycotoxins, the additive 
effects of aflatoxins, other dietary contaminants, alcohol consumption, 
and poor diet on cancer risk still remains largely unknown. 

10. Conclusion 

The findings of this study suggested that a moderate percentage 55% 
of raw cow milk samples collected in different locations of southern 
Ghana; Greater Accra, Volta, Western and Eastern regions of Ghana 
proved to have AFM1 contents, it further showed a public health concern 
considering the adverse health especially hepatocellular carcinoma 
(HCC) outcome of the health risk assessments in all age categories since 
the calculated MOEs were less than 100,000. Rigorous regulation and 
monitoring of livestock feeds and regular inspection of milk and milk 
products is vital in the lessening of AFM1 contamination of dairy 
products. 
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aflatoxin M1 exposure in milk in Serbia, Food Control 38 (2014) 41–46. 

[59] M.M. Kuboka, J.K. Imungi, L. Njue, F. Mutua, D. Grace, J.F. Lindahl, Occurrence 
of aflatoxin M1 in raw milk traded in peri-urban Nairobi, and the effect of boiling 
and fermentation, Infect. Ecol. Epidemiol. 9 (2019), 1625703. 

[60] T. Kuiper-Goodman, Uncertainties in the risk assessment of three mycotoxins: 
aflatoxin, ochratoxin, and zearalenone, Can. J. Physiol. Pharmacol. 68 (1990) 
1017–1024. 

[61] J. Kumi, E. Dotse, G.A. Asare, N.-A. Ankrah, Urinary aflatoxin M1 exposure in 
Ghanaian children weaned on locally prepared nutritional food, Afr. J. Sci. Res. 4 
(2015) 28–32. 

[62] A. Lartey, A. Manu, K. Brown, J. Peerson, K. Dewey, Predictors of growth from 1 
to 18 months among breast-fed Ghanaian infants, Eur. J. Clin. Nutr. 54 (2000) 
41–49. 

[63] J.E. Lee, B.-M. Kwak, J.-H. Ahn, T.-H. Jeon, Occurrence of aflatoxin M1 in raw 
milk in South Korea using an immunoaffinity column and liquid chromatography, 
Food Control 20 (2009) 136–138. 

[64] L. Li, T. Ye, Q. Zhang, X. Li, L. Ma, J. Yan, The expression and clinical significance 
of TPM4 in hepatocellular carcinoma, Int. J. Med. Sci. 18 (1) (2021) 169–175, 
https://doi.org/10.7150/ijms.49906. 

[65] Y. Liu, F. Wu, Global burden of aflatoxin-induced hepatocellular carcinoma: a risk 
assessment, Environ. Health Perspect. 118 (2010) 818–824. 

[66] H. Magoha, M. Kimanya, B. De Meulenaer, D. Roberfroid, C. Lachat, P. Kolsteren, 
Risk of dietary exposure to aflatoxins and fumonisins in infants less than 6 months 
of age in R ombo, N orthern T anzania, Matern. Child Nutr. 12 (3) (2016) 
516–527. 

[67] H. Makun, M. Mwanza, H. Iheanacho, D. Apeh, S. Abdulrahim, S. Jamiu, 
Comparative study of aflatoxin M1 in livestock livers from Minna, Nigeria, 
J. Liver 6 (2017) 2167, 0889.1000205. 

[68] L. Min, J. Fink-Gremmels, D. Li, X. Tong, J. Tang, X. Nan, Z. Yu, W. Chen, 
G. Wang, An overview of aflatoxin B1 biotransformation and aflatoxin M1 
secretion in lactating dairy cows, Anim. Nutr. 7 (2021) 42–48, https://doi.org/ 
10.1016/j.aninu.2020.11.002. 

[69] S. Mohammed, J.J. Munissi, S.S. Nyandoro, Aflatoxin M1 in raw milk and 
aflatoxin B1 in feed from household cows in Singida, Tanzania, Food Addit. 
Contam. Part B 9 (2016) 85–90. 

[70] M. Mulunda, D. Mike, Occurrence of aflatoxin M1 from rural subsistence and 
commercial farms from selected areas of South Africa, Food Control 39 (2014) 
92–96. 

[71] S. Nahle, A. El Khoury, I. Savvaidis, A. Chokr, N. Louka, A. Atoui, Detoxification 
approaches of mycotoxins: by microorganisms, biofilms and enzymes, Int. J. Food 
Contam. 9 (3) (2022) 1–14, https://doi.org/10.1186/s40550-022-00089-2. 

[72] S.H. Nile, S.W. Park, C. Khobragade, Occurrence and analysis of aflatoxin M1 in 
milk produced by Indian dairy species, Food Agric. Immunol. 27 (2016) 358–366. 

[73] C.A. Njombwa, V. Moreira, C. Williams, K. Aryana, L. Matumba, Aflatoxin M 1 in 
raw cow milk and associated hepatocellular carcinoma risk among dairy farming 
households in Malawi, Mycotoxin Res. 37 (2021) 89–96. 

[74] D. O’Connor, Folate in goat milk products with reference to other vitamins and 
minerals: a review, Small Rumin. Res. 14 (1994) 143–149. 

[75] F.A. Obuseh, P.E. Jolly, Y. Jiang, F.M. Shuaib, J. Waterbor, W.O. Ellis, C. 
J. Piyathilake, R.A. Desmond, E. Afriyie-Gyawu, T.D. Phillips, Aflatoxin B, Int. J. 
Vitam. Nutr. Res. 80 (2010) 355–368. 

[76] A.O. Omore, J.C.o. Mulindo, M. Khan, S.F. Islam, S. Staal, G. Nurah, B. Dugdill. 
Employment Generation through Small-scale Dairy Marketing and Processing: 
Experiences from Kenya, Bangladesh and Ghana: A Joint Study by the ILRI 
Market-oriented Smallholder Dairy Project and the FAO Animal Production and 
Health Division, Food & Agriculture Organisation, 2004. 

[77] G.C. Onyemelukwe, D. Ogoina, G. Ibiam, G. Ogbadu, Aflatoxins in body fluids 
and food of Nigerian children with protein-energy malnutrition, Afr. J. Food 
Agric. Nutr. Dev. 12 (2012) 6553–6566. 

[78] N. Opoku, M.A. Achaglinkame, F.K. Amagloh, Aflatoxin content in cereal-legume 
blends on the Ghanaian market far exceeds the permissible limit, Food Secur. 10 
(2018) 1539–1545. 

[79] W.H. Organization, WHO Child Growth Standards: Length/height-for-age, 
Weight-for-age, Weight-for-length, Weight-for-height and Body Mass Index-for- 
age: Methods and Development, World Health Organization, 2006. 

[80] O. Oyelami, S. Maxwell, T. Aladekomo, K. Adelusola, Two unusual cases of 
kwashiorkor: can protein deficiency explain the mystery? Ann. Trop. Paediatr. 15 
(1995) 217–219. 

[81] O. Oyelami, S. Maxwell, K. Adelusola, T. Aladekoma, A. Oyelese, Aflatoxins in the 
autopsy brain tissue of children in Nigeria, Mycopathologia 132 (1995) 35–38. 

[82] O. Oyelami, S. Maxwell, K. Adelusola, T. Aladekoma, A. Oyelese, Aflatoxins in the 
lungs of children with kwashiorkor and children with miscellaneous diseases in 
Nigeria, J. Toxicol. Environ. Health 51 (1997) 623–628. 

[83] A. Pardakhti, S. Maleki, Risk assessment of aflatoxin M1 contamination of milk in 
Iran, Int. J. Environ. Res. 13 (2) (2019) 265–271. 
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