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Summary. Background/Aims:  Aflatoxin M1 (AFM1) is a potent toxic compound frequently found in milk and dairy 
products. A high AFM1 incidence in milk and milk products creates an important public health risk due to the fact 
that milk and milk products are consumed widely by infants and children. The objective of this study was to evaluate 
children’s exposure to Aflatoxin M1 via dietary milk consumption and to determine the AFM1 levels in different 
types of various heat treated milk which were sold in Turkey. Methods: In this study, 135 milk samples were analyzed 
to determine levels of AFM1 by enzyme linked immunosorbant assay (ELISA) test kit (Helica, USA) at 3 different 
periods of the years (February, May, July). While assessing the exposure levels of children to AFM1, Hazard Index was 
calculated by using to 80th percentiles of AFM1 levels in milk samples and according to the data of Turkey Nutrition 
Health Survey (TNHS)-2010 the body weights and roughly consumption levels of milk for different age groups. 
Results: The results of this study indicated that the mean concentration of AFM1 in milk samples was 8.6±4.57 ng/L. 
The AFM1 level of pasteurized milk samples was lower than UHT milks. The average AFM1 levels of whole, semi-
skimmed and skimmed milk samples were found as 8.2±4.29ng/L, 10.5±5.01ng/L and 6.8±3.61ng/L, respectively. 
None of the samples exceeded the maximum limit of AFM1 which was established by Turkish Food Codex Regu-
lation on Contaminants in foodstuffs. Hazard Index (HI) values were found to be higher in children under 9 years 
than in children above 9 years, which indicating a risk to infant health. Conclusion: These results indicated that it was 
essential to minimize health risk and to reduce AFM1 levels in milk. In addition, sustainable measures should be taken 
from farm to fork at all stages of the food chain system to prevent the formation of AFB1.
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O r i g i n a l  a r t i c l e

Introduction 

Aflatoxins are a group of polyketide mycotoxins 
produced by Aspergillus flavus (Asp.flavus) and Aspergil-
lus parasiticus (Asp. parasiticus) molds (1, 2). The main 
types of aflatoxins are B1, B2, G1 and G2 produced 
by herbal products. However, other bio-transformed 
aflatoxins such as aflatoxin M1 (AFM1) and aflatoxin 
M2 (AFM2) can occur in milk (3).

There are two main ways of aflatoxin contamina-
tion in the milk and dairy products. Firstly, when the 
animals in lactation period consume feeds contaminat-
ed with aflatoxin, aflatoxin B1 and B2 transform into 
aflatoxin M1 and M2 after metabolized in the animal 
body. These metabolized toxins pass to the milk pro-

duced from the animal and the contamination occurs. 
Secondly, the contamination occurs when the molds 
synthesizing aflatoxin pass to the milk and produce 
aflatoxin during transport, process and storage phases 
after milking (4).

Due to its high nutritional value, milk is an im-
portant natural food suggested for every age group (5). 
Although it is very important for nutrition, it has a 
high risk in terms of the AFM1 amount it can bring 
with (6). Because dairy products are the one of the most 
important exposure factors through diet for AFM1. A 
high AFM1 incidence in milk and milk products cre-
ates an important public health risk due to the fact that 
milk and milk products are consumed widely by all age 
groups and especially for infants and children. 
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Like aflatoxin B1, the target organ of aflatoxin M1 
is the liver. According to International Agency for Re-
search on Cancer (IARC), while aflatoxin B1 is clas-
sified in Group 1 due to its carcinogenic effect on hu-
mans and animals, aflatoxin M1 is classified in Group 
2B (suspicious of developing cancer for humans) (7).

European Food Safety Authority (EFSA) empha-
sizes the principle of the lowest intake levels (ALARA/
As Low As Reasonably Achievable) for toxins because 
aflatoxins cannot be completely destroyed from foods 
and feeds (8). According to Turkish Food Codex Con-
taminants Regulation (9), the maximum limit for afla-
toxin M1 in milk used in the production of raw milk, 
heat-processed milk and milk products is 0.050 µg/
kg. This study was planned and carried out in order 
to determine aflatoxin M1 levels in different types of 
different heat-processed milk sold in markets of An-
kara city. In addition, exposure of children to AFM1 
through consumption of different heat-processed milk 
was assessed.

Materials and Methods

Collection of Samples
In this study, 135 milk samples of 20 different 

brands were randomly purchased from the market 
shelves of hypermarkets and supermarkets in Ankara, 
between February 2015 and July 2015. The analyzed 
milk samples were different milk types (goat, cow) with 
different heat processing (UHT, pasteurized) and differ-
ent fat contents (skimmed-fat free, semi-skimmed and 
whole milk). The milk samples were purchased in differ-

ent periods of the year (February, May and July, 2015) 
because of the possible effect of seasonal variations on 
AFM1 levels. Thirty of the milk samples included in 
the study were pasteurized milk (22.2 %). According 
to their fat contents, 55.5 % of them were whole milk, 
28.9 % of them were semi-skimmed milk and 15.6 % of 
them were skimmed (fat-free) milk. The numbers of the 
analyzed cow and goat milk were 117 (86.7 %) and 18 
(13.3 %), respectively. The distribution of different milk 
types included in the study based on their heat process 
types and fat contents are given in Table 1.

Pasteurized milk samples were transported to the 
laboratory with cooler bags and stored in refrigerator 
conditions (+4oC) until they were analyzed. All milk 
samples were analyzed before the expiration date.

The Determination of AFM1 Level
The AFM1 levels in different milk samples were 

determined by using ELISA and Helica Aflatoxin M1 
test kit (Helica Biosystem Inc., San Diego, USA) in 
research laboratory of Hacettepe University, Depart-
ment of Nutrition and Dietetics. According to the 
Helica test kit instruction, each sample was prepared 
with duplicates. All reagents were brought to room 
temperature before use. 200 microlitre of standard so-
lution and prepared milk samples were added to the 
appropriate wells in the microtiter plate. After the in-
cubation for 2 hours at room temperature, the wells 
were washed with PBS-Tween 20 three times. In the 
next step, 100 microlitre of the conjugate was added to 
each well and again incubated for 15 minutes at room 
temperature and washed three times. Afterwards, 100 
microlitre of TMB was added and incubated for 15 

Table 1. Characteristics of different milk types included in the study based on their heat process types and fat contents.

Milk Type 

Heat process types Fat contents Cow Milk Goat Milk Total
UHT Whole 45 * 6 51

Semi-skimmed 36 3 39

Skimmed 15 * 0 15

Pasteurized Whole 18 6 24

Semi-skimmed 0 0 0

Skimmed 3 3 6

Total 117 18 135

* Three of the milk samples were organic milk.
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minutes at room temperature in dark. Finally, 100 mi-
crolitre of stop solution was added and the absorbance 
values of samples were read with Cromate 4300 micro-
plate reader (Awareness Technology Inc. / Florida) for 
3 times at 450-630 nm. 

The detection limit for the average AFM1 levels 
of milk samples is 2 ng/kg according to Helica test 
kit instruction. Recovery assays were carried out by 
spiking uncontaminated samples with 10 and 25 ng/
kg AFM1 stock solution. The samples were analyzed 
using the test procedure. Method precision was evalu-
ated through the analysis of samples and calculated the 
coefficient of variance (CV) (Table 2).

According to the International Programme on 
Chemical Safety/Global Environment Monitoring 
System (IPCS/GEMS) criteria, because fewer than 
60% of results were less than the LOD, a reasonable 
estimate of the mean obtained by setting all not de-
tected (ND) results to LOD/2 (10). 

The Assessment of the Exposure Levels and Hazard Index 
of Individuals to AFM1 

While assessing the exposure levels of children to 
AFM1, the calculations were made by taking the re-
port published by WHO in 2005 (11). During the as-
sessment of the exposure to aflatoxin M1; the formula 
(AFM1 levels in milk samples (ng/L) x consumed 
milk (L)/ body weight (kg) was used (12). In formula, 
it was used to 80th percentiles of AFM1 levels in milk 
samples. During the assessment of the exposure, the 
data of Turkey Nutrition Health Survey (TNHS)-
2010 generated in 2010 for the body weights and con-
sumed amount of milk (L) of different age groups was 
used (13). As the roughly consumption levels of milk 
in HI calculation was 500 ml for between the ages of 
1-3, 4-6 and 10-12 girls/ boys and 400 ml for between 
the ages of 7-9 (14). The tolerable daily intake (TDI) 
for AFM1 is given as 0.2 ng.va.(kg)-1day-1 (15). The 
Hazard Index (HI) for aflatoxin M1 was calculated by 

dividing the EDI by TD50 (threshold dose per body 
weight which divided by 5000) (15). 

Statistical analyses were performed using the 
SPSS software version 23.0 (SPSS Inc., Chicago, 
USA). Descriptive analyses were expressed as mean 
with standard error and as minimum and maximum 
concentration of AFM1. Probability levels of p < 0.05 
and p < 0.01 were adopted for the consideration of dif-
ferences as statistically significant.

Results

The average AFM1 level of different types of dif-
ferent heat-processed milk included in the scope of 
this research was 8.6±4.57 ng/L. The average AFM1 
levels in milk samples did not exceed the legal limit 
(50 ng/L), which was acceptable according to Turk-
ish Food Codex Regulation on Contaminants in food 
stuffs. When the milk samples were analyzed by taking 
the nature of heat process into account; it was found 
that the average AFM1 level of UHT milk samples 
(9.3±4.58ng/L) was higher than the average AFM1 
level of pasteurized milk samples (6.3±3.76ng/L) 
(p<0.01) (Table 3). According to the fat contents 
of milk samples, the highest average AFM1 level 
was found in the samples of semi-skimmed milk 
(10.5±5.01 ng/L) and the lowest average AFM1 level 
was found in the samples of skimmed milk (6.8±3.61 
ng/L, p=0.007). According to animal species, the aver-
age AFM1 levels in cow (n=117) and goat (n=18) milk 
were identified as 9.0±4.68ng/L and 6.4±2.98ng/L 
(p=0.032), respectively. In the study, AFM1 level of 
goat milk samples was the lowest level.

The Hazard Index (HI) values were higher than 
1.0 in until the age of 9, indicating a risk to infant health 
while the HI values for older than the age of 9 were less 
than 1.0 which the systemic effects were assumed not to 
be of concern (Fig. 1). The highest Hazard index values 
for all ages group were semi skimmed milk samples.

Discussion

In this study, it was determined that the average 
AFM1 level of pasteurized milk samples were lower 

Table 2. Performance of ELISA Helica test kit for AFM1.

AFM1 
spiked (ng/

kg)

AFM1 
found (ng/

kg)

Recovery 
(%)

Standard 
Deviation 

(SD)

Coefficient 
of variation 

(%)
10 8.50 84.98 1.13 2.07

25 20.33 81.30 4.08 3.11
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than UHT milk. However, many other studies showed 
that the average AFM1 level of pasteurized milk 
was higher than UHT milk (16, 17). In these stud-
ies, it was stated that this situation could be originated 
from geographical position and environmental fac-
tors. However, in our study, the higher level of AFM1 
level in UHT milk sample compared with pasteurized 
milk could be explained as follows: In supermarkets 
and hypermarkets where milk were purchased, UHT 
milk were stored in room temperature and pasteurized 
milk were stored in refrigerator temperature (18). It is 
known that AFM1 level does not increase in 4°C and 
below temperatures but AFM1 level increases in opti-
mum room temperatures (19).

In this study, the average AFM1 levels of whole, 
semi-skimmed and skimmed milk samples were found 

as 8.2±4.29ng/L, 10.5±5.01ng/L and 6.8±3.61ng/L, 
respectively (Table 3). Different results were found to 
be related with the fat contents of milk samples (20, 
21). As there are many factors affecting AFM1 level in 
the milk, the relation of milk with the fat could not be 
explained completely in such studies (20, 21). 

Many previous studies showed that AFM1 lev-
els in the milk of different animals were different and 
AFM1 level of cow milk was higher than goat milk (1, 
22). The AFM1 level in the milk can change due to 
the different metabolisms of animals during lactation 
period. However, in the studies, this difference was as-
sociated with the feeds that animals consume, not dif-
ferent metabolisms of animals. It is stated that while 
cows are mostly living in farms and they are fed with 
grains, goats are living in higher places and reach fresh 
feeds. On the other hand, it is also reported that as the 
grains given to the goats are stored for maximum 2-3 
months, AFM1 level of grains can be lower compared 
with feeds stored for a longer time (22).

Especially in the studies made in Turkey after 
2010, it is found that the number of samples exceed-
ing the legal limit in terms of AFM1 level in UHT 
milk samples is very few. These studies resemble the 
results of this study (23, 24). Before 2010, when stud-
ies on the detection of AFM1 level were reviewed, it 
was stated that the number of samples exceeding the 
legal limit was much more (25). This discrepancy can 
be explained by the increased quality of feeds given to 
the animals and more favorable storage conditions in 
line with advanced technology in milk factories. When 

Figure 1. According to recommended milk amounts in different 
age groups, Hazard Index (HI) values for AFM1. 

Table 3. Descriptive statistics of AFM1 residues in different types of milk samples.

Characteristics N Mean 
(ng/L)

Percentile p value

25 50 75 80

Heat process type UHT 105 9.3 6.0 8.3 12.3 12.9 0.000*

Pasteurized 30 6.3 3.6 5.0 7.5 8.9

Lipid content Whole 75 8.2 4.8 7.0 11.8 12.3 0.007**

Semi-skimmed 39 10.5 6.3 9.9 13.7 14.0

Skimmed 21 6.8 4.0 6.6 8.9 9.2

Animal species Cow 117 9.0 5.0 7.2 12.3 13.1 0.032***

Goat 18 6.4 3.4 6.1 9.1 9.3

Total 135 8.6 4.9 7.2 11.5 12.4
*Mann Whitney U test (p<0.01).**Krusskal-Wallis test (p<0.01).
***Mann Whitney U test (p<0.05).
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the results of the studies made in different countries 
are compared, it is found that the number of samples 
exceeding the legal limit accepted by European coun-
tries has lower rates (26, 27).

The average AFM1 levels of milk samples includ-
ed in the study was found as 8.6±4.57 ng/L. Compared 
to the other studies (25, 26, 28), the detected average 
AFM1 levels in different milk types were lower in this 
study. Furthermore, the exposure levels of for children 
to AFM1 were lower than the other studies, only with 
the consumption of milk (25, 26, 28). The reason is 
that in the other studies, the average body weight of 
children and the amounts of milk consumption were 
different. The highest values of using estimated daily 
intake levels calculated HI were found between the 
ages of one and three due to be highly susceptible to 
toxins (Figure 1). 

Conclusion

At the end of this study, it is worth to note that 
if the milk is consumed in recommended amounts, 
AFM1 can create risk, especially for infants. For this 
reason, it should be necessary to attributed to a sin-
gle nutrient but to multiple nutrients and foods to 
fulfill nutritional requirements for optimal health of 
children. Besides, good agricultural practices towards 
the prevention of AFB1 contamination in every stage, 
from the production of milk to its consumption, in-
cluding feeds given to the animals, should be adopted 
and official control and sanction mechanisms should 
be applied in a healthy and efficient way.
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