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Abstract

Aflatoxin M1 (AFM1) is a major carcinogenic compound that may be found in milk and dairy pro-
ducts resulting from ingestion of aflatoxin B1 by dairy animals. The study aimed at determining
the level of aflatoxin M1 in milk and milk products from Bomet County. A total of 185 samples
(150 raw milk and 35 processed milk and milk products) were randomly collected from milk
collection sites and randomly selected milk kiosks respectively. The AFM1 was analyzed using
a commercial ELISA kit (Ridascreen, aflatoxin M1 R-Biopharm, Product code, R5812, Darmstadt,
Germany). Out of 185 samples investigated, 156 samples were positive for AFM1, an overall con-
tamination rate of 84.32%. The samples with levels higher than the tolerance limit of 0.05 pg/1
recommended by Food and Agriculture Organization (FAO) and World Health Organization (WHO)
limits were 43.8% mainly contributed by the raw milk compared to processed milk (52.0% versus
8.6%). Processed milk had insignificant level of contamination with aflatoxin M1 (Median 0.00
(IQR: 0.00, 0.00 pg/1) with a minimum of 0.00 pg/1 and a maximum of 0.69 pg/l. Raw milk showed
significant contamination, median 0.09 (IQR: 0.00, 0.50) pg/1 with a minimum of 0.00 ug/l and a
maximum of 2.93 pg/l. Although there was no significant differences in AFM1 levels with study
sites (P = 0.217); the median levels of aflatoxin M1 was high in sites 1, 3, and 7. The sites that had
median aflatoxin M1 levels below the WHO/FAO acceptable limits of 0.05 pg/1 were sites 2, 4 and 6.
Due to high incidence of AFM1 contamination of milk and milk samples in Bomet County, there is
need for regular monitoring and regulation of AFM1 contamination in milk and its products in the
County.
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1. Introduction

Mycotoxins are toxic fungal secondary metabolites that if ingested can cause a variety of adverse effects on both
humans and animals [1]. Aflatoxins are toxic compounds produced mainly as secondary metabolites by Asper-
gillus flavus and Aspergillus parasiticus [2]. Aspergillus species are capable of growing on a diversity of sub-
strates under a variety of environmental conditions mainly in tropical and subtropical climates thus aflatoxins
occur as natural contaminants in many agricultural commaodities [3] and can be produced during growth, har-
vesting and storage [4]. The most frequent aflatoxins are B1, B2, G1 and G2. Aflatoxin B1 (AFB1) is the most
common and toxic one and has been reported as the most powerful natural carcinogen in human and animals [5]
[6]. Aflatoxin M1 (AFM1) or milk toxin is a hydroxylated metabolite of aflatoxin B1 and is secreted in milk of
dairy cattle after consumption of feed contaminated with aflatoxin B1 [7] [8]. Studies have shown that AFM1
could quickly appear (within 12 hour) after ingestion of AFB1 by lactating cows [9] and its concentration de-
creased gradually to under the limit of detection within 72 h after removal of AFB1 contaminated feeds [10].
The International Agency for Research on Cancer has classified AFB1 and AFML1 as class 1 human carcinogens
[11]. Aflatoxin M1 has been well known to have cytotoxic, genotoxic, and carcinogenic effects [9] [12]. Human
exposure to AFML1 is due to the consumption of contaminated milk and dairy products of which daily intake
could be highly variable in the world. Infants represent the most susceptibly exposed population due to their
high consumption of dairy products either as cow’s milk and related by-products in their diet or from breast milk
where the mycotoxin can be excreted. The Joint FAO/WHO Expert Committee on Food Additives [13] reported
that the intake of AFM1 from milk was 6.8 ng/person/day for the European diet, 3.5 ng/person/day for the Latin
American diet, 12 ng/person/day for the Far Eastern diet, 0.7 ng/person/day for the Middle Eastern diet and 0.1
ng/person/day for the African diet.

To exclude the possible toxicity for humans several countries have set up maximum acceptable limits of
AFML1 in milk and its by-products which vary from the 50 ng/kg established by the EU to the 500 ng/kg estab-
lished by US FDA [14]. Contamination of milk and milk products with AFM1 varies with the geography and
development level of a country. The contamination levels of AFM1 can be differentiated further by hot and cold
seasons due to the fact that grass, pasture, weed and rough feeds are found more commonly in spring and sum-
mer than in winter [15]. The consumption of cow’s milk is highly popular among the people of Bomet however;
little information exists on the occurrence of AFM1 in milk and milk products.

2. Materials and Methods
2.1. Collection of Milk Samples

Between December, 2014 and March 2015, a total of 185 milk samples were collected from different locations
in Bomet County, Kenya. Approximately 250 ml of the milk samples were collected. Raw milk was collected
from individual farmers as they brought their milk to the collection centres. The samples were collected in ste-
rile screw capped bottles. Processed milk and milk products were purchased from randomly selected milk kiosks.
The milk samples were transported in ice packets in a coolbox and stored at —20°C in case of delay. Analysis
was performed in Mycology Lab at the Kenya Medical Research Institute.

2.2. Sample Preparation for AFM1 Detection

The samples were allowed to thaw at room temperature, and then centrifuged at 3500 rpm for 10 minutes. The
upper cream layer was then removed by aspirating with a Pasteur pipette. Fifty microliters of the milk samples
were used directly for AFM1 assay.

2.3. Quantitative Determination of AFM1 by ELISA Technique

The samples were analyzed for AFM1 using the direct competitive ELISA (RIDASCREEN Aflatoxin M1, R-
Biopharm, Art. No.: R5812). The method used is quick, reliable and cost effective for estimation of AFM1 in
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milk and has been included in the official collection of test procedures by the German Federal Board of Health.
Sufficient number of microtiter wells was inserted into the microwell holder for all standards and samples to
be run. Briefly, 50 pl of standard solutions (0 ppt, 125 ppt, 250 ppt, 500 ppt, 1000 ppt and 2000 ppt) and pre-
pared samples were added into microtitre wells using new pipette tip for each standard or sample. Exactly 50
ul of enzyme conjugate (peroxidase) was then added to each well. Another 50 pl of anti-aflatoxin M1 was
added into each well and mixing done gently by shaking the plate followed by incubation for 10min at room
temperature. The liquid was then poured out of the wells and the microwell holder tapped upside down onto a
clean filter towel to remove all remaining liquid from the wells. Washing with washing buffer (250 ul) twice
then followed. The wells were emptied to remove all the remaining liquid. After that, 100 pl of substrate/
chromogenic solution (tetramethylbenzidine) was added to the wells, mixed gently by shaking the plate and
incubated for 5 min at room temperature in the dark. Finally, 100 ul of the stop solution was added into the
wells mixed gently by shaking the plate and immediately measured the absorbance at 450 nm in ELISA plate
reader.

2.4. Calculation of AFM1 Concentration

The absorbance values obtained for the standards and the samples was divided by the absorbance value of the
first standard (zero standards) and multiplied by 100 (percentage maximum absorbance). The zero standard was
thus made equal to 100%, and the absorbance values quoted in percentages. The percentage of the absorbance
values obtained for the standards were plotted on semilogarithmic graph paper against the aflatoxin M1 stan-
dards concentration in parts per billion.

2.5. Statistical Analysis

Data was analyzed using STATA version 13 SE. Gaussian assumptions for the continuous variables were as-
sessed empirically using Shapiro-Wilk test and graphically using normal probability plots. Violation of the as-
sumptions triggered summaries using median and the corresponding interquartile ranges (IQR) as well as the
minimum and the maximum values. Categorical variables were summarized as frequencies and the correspond-
ing percentages. Association between categorical variables was assessed using Pearson’s Chi Square test.

3. Results
3.1. Occurrence of Aflatoxin M1 in Examined Milk Samples

The results of the analyses of AFM1 level (ug/l) in raw and processed milk and milk products are shown in Ta-
ble 1. The presence of AFM1 was observed in 84.3% of all samples. The overall prevalence of aflatoxin M1
contamination beyond the WHO/FAO threshold limit of 0.05 pg/l was 43.8%. This was contributed mainly by
the raw milk which was 52.0% compared processed milk with 8.6%. The difference was statistically significant,
P < 0.0001. From the table it is clear that there was 100% aflatoxin M1 contamination of raw milk; 52% above
and 48% below the WHO/FAO threshold limit of 0.05 g/l respectively. The overall median was 0.02 (IQR:
0.00, 0.40) ug/l which is below the acceptable limits.

3.2. Levels of Aflatoxin M1 in Milk Samples

Processed milk did not show any evidence of contamination, median 0.00 (IQR: 0.00, 0.00) g/l with a mini-
mum of 0.00 ug/l and a maximum of 0.69 ug/l while the raw milk showed evidence of aflatoxin M1 contamina-
tion, median 0.09 (IQR: 0.00, 0.50) ug/l with a minimum of 0.00 ug/l and a maximum of 2.93 g/l (Table 2).

Table 1. Occurrence of aflatoxin M1 in raw and processed milk samples.

Contamination Raw Processed Total P
Concentration > 0.05 pg/l 78 (52%) 3 (8.6%) 81 (43.8%) <0.0001
0 < Concentration < 0.05 pg/l 72 (48%) 3 (8.6%) 75 (40.5%)
Total 150 (100%) 6 (17.1%) 156(84.3%)
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3.3. Occurrence of AFM1 in Raw Milk Samples across Sites

Aflatoxin M1 occurrence in milk across sites showed site 3 samples as highly contaminated (73.1%), compared
to the other sites. Clearly, raw milk contributed the highest levels of contamination. Site 4 had low prevalence,
37.5% compared to the others however the test for differences was not statistically significant, P = 0.217 (Table
3).

3.4. Levels of Aflatoxin M1 in Raw Milk Samples across Sites

The median levels of aflatoxin M1 was high in sites 1, 3, and 7. However, these sites showed some evidence of
samples that were not contaminated (minimum = 0.0). The sites that had median aflatoxin M1 levels below the
WHO/FAO acceptable limits of 0.05 ug/l were sites 2, 4 and 6 (Table 4). However, looking at the correspond-
ing maximum aflatoxin levels shows evidence that some samples were highly contaminated based on the thre-
shold value of 0.05 pg/l.

Table 2. Aflatoxin M1 levels in processed and raw milk products.

State of Milk No. of Samples Median Lower Quartile Upper Quartile Minimum Maximum
Raw 150 0.09 0.00 0.50 0.00 2.93
Processed 35 0.00 0.00 0.00 0.00 0.69
Total 185 0.02 0.00 0.40 0.00 2.93

Table 3. Occurrence of aflatoxin M1 levels in raw milk across sites.

Contamination Concentration > 0.05 pg/1 0 < Concentration < 0.05 pg/1 P-value
SITE 1 7 (50.0%) 7 (50.0%) 0.217
SITE 2 6 (40.0%) 9 (60.0%)

SITE 3 19 (73.1%) 7 (26.9%)
SITE 4 6 (37.5%) 10 (62.5%)
SITES 14 (48.3%) 15 (51.7%)
SITE 6 11 (44.0%) 14 (56.0%)
SITE7 15 (60.0%) 10 (40.0%)

Table 4. Aflatoxin M1 levels in raw milk collected from seven sites.

SITES No. of Samples Median Lower Quartile Upper Quartile Minimum Maximum
SITE1 14 0.14 0.00 0.88 0.00 1.16
SITE 2 15 0.02 0.00 0.29 0.00 0.93
SITE3 26 0.54 0.03 0.86 0.00 2.93
SITE4 16 0.01 0.00 0.15 0.00 0.44
SITES 29 0.04 0.00 0.44 0.00 0.93
SITE 6 25 0.00 0.00 0.48 0.00 0.80
SITE7 25 0.10 0.00 0.22 0.00 0.81
Total 150 0.09 0.00 0.50 0.00 2.93
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3.5. Occurrence and Levels of Aflatoxin M1 in Processed Milk

The prevalence of aflatoxin M1 contamination in the processed milk was low 8.6% and was contributed mainly
by fermented milk (50.0%) and yoghurt (37.5%). There was no statistically significant difference in the level of
contamination between fermented (processed) milk and yoghurt (Table 5).

3.6. Levels of Aflatoxin M1 in Processed Milk

There was no evidence of contamination in processed fresh milk and UHT. However, fermented milk as well as
the yoghurt showed evidence of contamination with maximum values above 0.05 ug/l (Table 6).

4. Discussion

Milk is a valuable source of nutrients widely used in many countries however; it can be a risk for exposure to
toxic compounds such as mycotoxins [16]. According to this study, the occurrence of AFML1 in milk was high
with 84.3% of all the examined samples contaminated Table 1. The overall prevalence of aflatoxin M1 conta-
mination beyond the WHO/FAO threshold limit of 0.05 ug/l was 43.8%. This was contributed mainly by the raw
milk which was 52.0% compared to processed milk with 8.6%. There was 100% aflatoxin M1 contamination of
raw milk; 52% above and 48% below the WHO/FAO threshold limit of 0.05 ug/l respectively. The difference in
contamination levels between processed and raw milk samples was statistically significant, (P < 0.0001). Many
other researchers have reported the occurrence of high levels of AFM1 in numerous countries that exceeded
maximum allowed limits in milk [7] [17]-[22]. A more recent study in the Greater Addis Ababa reported a high
incidence of AFM1 in milk where over 90% of the milk samples contained aflatoxin M1 levels exceeding the
European Union limit of 0.05 pg/l [23]. Previous studies by [24] and [25] recorded lower incidences of AFM1 in
milk in comparison to this with samples above the EU maximum limits at 36.2%, 20% and 5% respectively.
Studies conducted in Kenya in fresh milk collected from urban centers had levels that were lower comparable to
present study where only 20% of the milk from dairy farmers had levels exceeding WHO/FAO levels of 0.05
ppb [26].

Raw milk samples showed evidence of Aflatoxin M1 contamination, median 0.09 with a minimum of 0.00
ng/l and a maximum of 2.93 ug/l. The higher prevalence rate (100%) along with moderately higher contamina-
tion level of AFM1 in the raw milk samples indicate that lactating cows in Bomet are exposed to AFB1-conta-
minated feeds in different study sites. However, it was not possible to determine the level of AFBL1 in the feed of
dairy cattle in the present study. Bomet County is usually characterized by high temperature and humidity be-
tween the months of January and March which was the period for our sample collection. These conditions are

Table 5. Occurrence of aflatoxin M1 in different types of processed milk.

Contamination Fermented Yoghurt P-value

Concentration > 0.05 pg/1 1(16.7%) 2 (25.0%) 1.000°
0 < Concentration < 0.05 pg/1 2 (33.3%) 1 (12.5%)
Concentration = 0.00 pg/1 3 (50.0%) 5 (62.5%)

Table 6. Aflatoxin M1 levels in different types of processed milk products.

Processed Milk and

Milk products No of Samples Median Lower Quartile  Upper Quartile Minimum Maximum
Fermented Milk 6 0.00 0.00 0.00 0.00 0.24
Fresh Milk 15 0.00 0.00 0.00 0.00 0.00
UHT 6 0.00 0.00 0.00 0.00 0.00
Yoghurt 8 0.00 0.00 0.28 0.00 0.69
Total 35 0.00 0.00 0.00 0.00 0.69
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favorable for growth and proliferation of aflatoxin producing fungi. It is a common practice for farmers to give
supplementary feeds in form of spoilt grains and commercial feeds to their cattle besides grazing. Fungi may
easily produce toxins in inappropriate storage conditions. It has been reported that environmental temperature,
humidity and moisture content of the feed as well as pH and mechanical damage to cereal grains resulted in
higher AFB1 in animal feeds [19]. Following the consumption of AFB1 contaminated feed by dairy cattle,
AFBL1 is converted to AFML1 in the liver and results in contamination of milk of lactating cows with aflatoxin
M1.

Aflatoxin M1 contamination in milk across seven milk collection sites showed site 3 samples as highly con-
taminated (73.1%), compared to the other sites. Site 4 had the least prevalence, 37.5% compared to the others
however the test for differences was not statistically significant, P = 0.217 Table 3. The median levels of afla-
toxin M1 was high in sites 1, 3, and 7. However, these sites showed some evidence of samples that were not
contaminated (minimum = 0.0). The sites that had median aflatoxin M1 levels below the WHO/FAO acceptable
limits of 0.05 pg/l were sites 2, 4 and 6 Table 4. The wide variations in AFM1 levels among sites/studies could
be related to geographic and climatic differences, but the most important could be the differences in feeding
systems and farm management practices [17]. The conversion of dietary AFB1 into milk AFM1 also varies
widely among animal breeds, days, and from one milking session to the next and it is greatly influenced by phy-
siological factors such as diet and health status of animals, especially the status of the liver and its enzymatic ac-
tivities.

This study also showed that processed milk samples had low contamination levels (8.6%) contributed mainly
by fermented milk (50.0%) and yoghurt (37.5%). Both fresh processed milk and UHT had no contamination.
Generally, processed milk did not show any evidence of contamination, median 0.00 with a minimum of 0.00
ug/l and a maximum of 0.69 pg/l Table 5 & Table 6. This could be attributed to the treatment effects of raw
milk which could have lowered the concentration of aflatoxin M1 in the processed samples. According to stu-
dies on the effect of various heat treatments on AFM1 content of cow’s milk, it was reported that sterilization of
milk at 121°C for 15 min caused 12.21% degradation of AFM1, whereas boiling decreased AFM1 by 14.50%
[27]. It was concluded that destruction of AFM1 depends on time and temperature combination of the heat
treatment applied. In another study by [28], it was observed that pasteurization caused a decrease in the level of
AFM1 at the rate of 7.62%. Other studies [29] showed that pasteurization can partially reduce the amount of
AFM1 in milk. However, some reports show that aflatoxins are stable during heat-treatments such as pasteuriza-
tion and sterilization [30]. The effect of fermentation was assessed by [31]. It was reported that AFM1 levels in
all yoghurt samples showed a significant decrease from those initially present in milk. This could be attributed
to factors such as low pH, formation of organic acids or other fermentation by-products, and even to the pres-
ence of lactic acid bacteria [4].

Majority of the residents in the study area consume raw cow’s milk and traditionally fermented milk (mursik)
and less of processed milk and its products. Mursik is mainly produced by the Kalenjin community in Kenya,
through spontaneous fermentation of cow’s milk in a traditionally prepared gourd [32] [33]. It forms a major
part of the Kalenjin diet due to its delicious taste and belief that it improves health [32]. There is therefore need
for a survey involving a larger number of processed milk and milk products.

In comparison to this study, other studies have showed no AFM1 detected in processed milk samples ex-
amined in various countries, such as Argentina [34], Japan [35] and Turkey [36]. The occurrence of AFML1 in
UHT commercial milk in Portugal was investigated where only two UHT-treated milk exceeded the set limit
while the other 68 UHT-treated samples had low levels [37]. Moreover, lower findings were reported in other
countries such as Turkey [38] and Iran [9]. Higher contamination was however reported by other authors [39]-
[43]. In Portugal [18] and Italy [44], yoghurt samples were also contaminated with low levels of AFM;.

Several studies indicate that exposure to AFM1 has a possible link to an increased risk of developing cancer
in humans [45]. The carcinogenicity of AFM1 may be influenced by the duration and level of exposure. Expo-
sure is most likely to occur through the frequent consumption of milk and milk among foods because of the
AFM1 associated with the by-products (infant milk, cheese, yoghurt) [46].

5. Conclusions

The results of this study show that the presence of aflatoxin (AFM1) in the examined milk appears to be a se-
rious public health hazard, indicating a need for the periodical monitoring of AFM1 in the raw milk and milk
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products. It is important to prevent toxin production in feed, as well as create effective detoxification processes
thus further studies are required to measure the level of AFB1 in the rations of supplementary feeds given to
lactating cows in relation to the level of AFM1 in milk.

Implementing a food supervision control system in the dairy products industries, and application of strict reg-
ulations by the national government and other food control agencies, also frequent analytical surveillance are
required to control the incidence of aflatoxin in dairy products in Kenya.
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