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Abstract

Camaj, A., Arbneshi, T., Berisha, B., Haziri, A., & Camaj, A. (2019). Evaluation of aflatoxin M1 by ELISA in raw
milk in Kosovo during 2016. Bulgarian Journal of Agricultural Science, 25(1), 124—128

Aflatoxins are a class of mycotoxins that are found in agricultural crops produced mainly by fungi Aspergillus flavus and A.
parasiticus. When aflatoxin B1 found in the food crops is consumed by cows, metabolizes to aflatoxin M1 (AFM1), which is
excreted through milk. Aflatoxin M1 is a human toxin that causes several health problems. In 2016, during the winter and the
summer season, 192 raw cow milk samples were collected from small farms in five major regions of Kosovo (Prishtina, Gjilan,
Mitrovica, Peja, and Prizren), and analyzed for the aflatoxin M1 level, using Enzyme-Linked Immunosorbent Assay (ELISA).
The number of positive samples was 80 (41.7%), from which 43 samples were from the winter season and 37 samples from the
summer season. Prizren was the region with the highest number of positive samples for the two seasons examined. The region
with the highest percentage of samples that exceeded the maximum tolerable limit for AFM1, according to EU Maximum
Tolerable Limit, was Prishtina, with 15.4% of the samples. The difference of AFM1 level between the seasons was statistically
significant (P < 0.05 to P < 0.001). The maximum mean concentrations of AFM1 recorded in the winter season were in the
range of 0.004-0.109 ng/mL, and during the summer season they are in the range of 0.004-0.833 ng/mL, all coming from the
region of Gjilan. The maximum range for this region resulted to be alarming, values that needed to be reevaluated by a con-
firming method, like HPLC, in another study. During 2016, the occurrence of AFM1 in raw cow’s milk appears to be prevalent
in Kosovo.
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G1, and G2 (Akiyama et al., 2001). Aflatoxin B1 (AFB1)
is a highly toxic metabolite that contaminates animal feed,
and is known as a potent hepatocarcinogen in a variety of

Introduction

The worldwide contamination of food and animal feed

with mycotoxins is a significant problem. Mycotoxins are
secondary metabolites of molds, which have adverse effects
on humans, animals, and crops, that result in illnesses and
economic losses (Hussein and Brasel, 2001). Aflatoxins are
a group of mycotoxins produced by species Aspergillus fla-
vus and A. parasiticus, with carcinogenicity, teratogenicity,
and mutagenicity. Aflatoxins may be found in a wide range
of agro-products, especially in grains, oilseeds, corns, and
peanuts (Chen et al., 2014). Aflatoxins can be present in sev-
eral forms in feedstuff, but most known are aflatoxin B1, B2,

mammalians, including humans (IARC, 1993; Richard et al.,
1993; Verma, 2004; Liu et al., 2012). Cows that consume
AFB1 contaminated feed excrete aflatoxin M1 (AFM1) in
their milk (Unusan, 2006). AFM1 is classified as a Group
1B agent by International Agency for Research on Cancer
in 2002 (IARC, 2002). Due to the serious health problems
AFM1 can cause, Kosovo also has set maximum tolerable
limit for AFM1 in milk and milk products. According to the
EU regulations the maximum tolerable limit of AFM1 should
not exceed 0.05 pg/kg (European Commission, 2006b).
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Some researches done in Kosovo and in the neighboring
countries, do not indicate high incidence of AFM1 in milk,
like data from 2009-2010 in Kosovo (Rama et al., 2016),
Serbia (Polovinski-Horvatovi¢ et al., 2009), data from 2013
in Macedonia (Dimitrieska-Stojkovic et al., 2016), or in the
countries of the region, like Republic of Croatia (Bilandzi¢
et al., 2010). But, there are some studies that indicate con-
tamination of milk with AFM1 in Serbia (Kos et al., 2014;
Skrbi¢ et al., 2014), and Croatia (Bilandzi¢ et al., 2014a,
2014b). During 2013, in the region of Prishtina, Kosovo,
there was a high incidence of AFM1 (81.0%) in pasteurized
and UHT milk samples (Rama et al., 2015). Considering the
high health risk potential that AFM1 presence in milk may
cause, regular monitoring of this milk toxin should be car-
ried.

Materials and Methods

Sampling and supplies

In 2016, during the winter and the summer season, 192
of raw cow milk samples were collected from small milking
farms from five major regions of Kosovo: Prishtina, Gjilan,
Mitrovica, Peja, and Prizren. From the total, 96 samples were
collected during the winter season (February and March),
and 96 samples were collected during the summer season
(July and August) from the same farms. The samples were
collected in small containers of 50 mL, based on the milk
sampling method according to EU requirements (European
Commission, 2006a). Milk samples were stored at -20°C un-
til analyzed.

Pre analysis, each sample was centrifuged and filtered.
To determine AFM1 using ELISA, the Max Signal “Afla-
toxin M1 ELISA Test Kit” was used, purchased from Bioo
Scientific, Bio Food and Safety (2013). The unique features
of the Kit are: no need to extraction for milk samples; high
sensitivity (0.004 ng/g) and low detection limit for milk
(0.004 ppb); high reproducibility.

Procedure overview
Aflatoxin M1 antibody has been coated in the plate wells.
During the analysis, sample is added to the wells for incu-

bation. After washing the plate, the aflatoxin M1 — horse-
radish peroxidase (AFM1-HRP) conjugate is added to the
wells for incubation. If the AFM1 residue is present in the
sample, it will compete for AFM1 antibody, thereby prevent-
ing the AFM1-HRP from binding to the antibody attached
to the well. The resulting color intensity, after addition of
the HRP substrate (TMB), has an inverse relationship with
the aflatoxin M1 residue concentration in the sample. Max
Signal Aflatoxin M1 ELISA Test Kit has the capacity for 96
determinations or testing of 42 samples in duplicate (assum-
ing 12 wells for standards).

The procedure of AFM1 analysis in the samples was per-
formed by the competitive colorimetric ELISA assay. First,
200 pL of each AFM1 standard were added into different
wells. Then, in each well 200 pL of each sample were added
in duplicate. The plate was incubated for 45 minutes at room
temperature. Then, the solution was decanted from wells and
discarded the whole liquid. The plate was washed 3 times
with 250 pL of 1X Wash Solution. After the last wash, the
plate was left to dry. 100 uL of AFM1-HRP conjugate were
added to each well. The plate was incubated for 15 minutes
at room temperature. Then the liquid was discarded and
washed 3 times with 250 pL of 1X Wash Solution and left to
dry. 100 pL of TMB substrate was added to each plate. After
incubating 15 minutes at room temperature, 100 puL of Stop
Buffer was added to stop the enzyme reaction. The plate was
put in the plate reader with 450 nm wavelength - “Micro-
plate Reader, Sunrise, Tecan” (Max Signal “Aflatoxin M1
ELISA Test Kit” purchased from Bioo Scientific, Bio Food
and Safety, 2013).

Results and Discussion

A total of 192 samples were analyzed for the presence of
AFM1. The number of samples collected per season was 96,
all collected in the same farms from five different regions of
Kosovo. The distribution of concentration of AFM1 by the
region and by the season is presented in Table 1 and Table 2,
respectively.

From 192 samples examined, 80 samples (41.7%) were
with positive result in AFM1; 43 (53.8%) positive samples

Table 1. AFM1 concentration in raw milk during the winter season, 2016

Region No. of samples No. of farms No. of positive samples | AFM1 higher than 0.05 pg/L| Contamination level
Prishtina 13 13 4 (30.8%) 0 (0%) 0.006 —0.014
Gjilan 13 13 5(38.5%) 1(7.7%) 0.004 —0.109
Mitrovica 15 15 5(33.3%) 1 (6.7%) 0.005 — 0.068
Peja 25 25 13 (52%) 1 (4%) 0.006 — 0.085
Prizren 30 30 16 (53.3%) 4 (13.3%) 0.007 — 0.073
Total 96 96 43 (44.8%) 7 (7.3%) 0.004 —0.109
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Table 2. AFM1 concentration in raw milk during the summer season, 2016

Region No. of samples No. of farms | No. of positive samples | AFM1 higher than 0.05 pg/L | Contamination level
Prishtina 13 13 4 (30.8%) 4 (30.8%) 0.312 - 0.637
Gjilan 13 13 3 (23.1%) 2 (15.4%) 0.009 — 0.833
Mitrovica 15 15 2 (13.3%) 0 (0%) 0.005-0.028
Peja 25 25 12 (48%) 0 (0%) 0.004 — 0.043
Prizren 30 30 16 (53.3%) 0 (0%) 0.004 —0.040
Total 96 96 37 (38.5%) 6 (6.2%) 0.004 — 0.833
were from the winter season and 37 (46.2%) from the sum- 12

mer season. As a result, in the winter season there was a ’

higher contamination than in the summer season for 7.6%. 1

13 (6.8%) of the contaminated samples exceeded the maxi-

mum tolerable limit of the EC according to the European 0.8

Union maximum limit for AFM1, i.e. 0.05 pg/L. The maxi- "y T = Winter

mum mean concentrations of AFM1 recorded in the winter ’ = Summer
season were in range of 0.004 — 0.109 pg/L and in the sum- 04

mer season they were in the range of 0.004 — 0.833 ug/L. As

noticed in the Table 1, during the winter season, the region of 0,2

Gjilan appears to have one sample (7.7%) with much higher 0 . S

maximum range than the tolerable limit, value that needed to Prishtina ~ Gilan IMitrovical Peja ' Prizren '

be reevaluated with a confirmative method in the next study.
Also, the region of Peja and Mitrovica resulted to have one
sample each, with a higher range than the maximum toler-
able limit. These were also the samples that needed to be
confirmed with one another method. While, in the region of
Prishtina none of the samples exceeded the maximum toler-
able limit.

During the summer season, as noticed in the Table 2, in
the region of Prishtina, four (30.8%) samples resulted to be
positive in AFM1, all of them with greater values than the
tolerable limit, values that needed to be confirmed in the next
study; the region of Gjilan appears with two (15.4%) sam-
ples with greater range than the maximum tolerable limit.
While, in the regions of Mitrovica, Peja, and Prizren none of
the samples exceeded the maximum tolerable limit.

In terms of regional distribution of positive samples dur-
ing winter and summer of 2016, Prizren was the region with
the largest number of positive samples 32 or (53%), followed
by the region of Peja with 25 (50%) positive samples.

The highest level of contamination was detected in the
winter season in all regions, except for the regions of Prishtina
and Gjilan, where contamination resulted greater during the

Fig. 1. The mean concentration of AFM1 in raw milk
samples between the regions during the winter and the
summer season 2016

summer season, as seen in Fig. 1 and Table 3. The results of
these two regions where surprising, especially during the sum-
mer season, for which all the positive samples needed to be re-
evaluated with another, confirmative, method in another study.

In this study, significant differences are observed between
the regions of Kosovo, in the winter and the summer season,
as are shown in the Table 4. In the summer milk, the highest
significant differences between the samples were observed
between the regions of Prizren and Prishtina (P < 0.001). A
significant difference of P <0.01 was announced between the
regions of Prishtina and Peja in the winter season samples,
Mitrovica and Peja in the summer season samples, Prizren
and Mitrovica in the summer season samples, and signifi-
cant differences from P < 0.05 were appearing between the
regions of Mitrovica and Prizren during the winter season
samples. There is an absence of the statistical differences be-
tween the other regions (P < 0.05).

Table 3. Mean concentration and standard deviation values of AFM1 between the regions and the seasons

Region/Season Prishtina Gjilan Mitrovica Peja Prizren
Summer 0.515540.140 0.5537+0.412 0.0165+0.023 0.0187+0.015 0.0140+0.010
Winter 0.0112+0.003 0.033440.031 0.0206+0.030 0.0256+0.019 0.0299+0.024
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Table 4. Significant difference between the regions and the seasons
Region / Prishtina/ | Prishtina/ | Prishtina/ Prishtina/ Gjilan/ Gjilan/ | Gjilan/ | Mitrovica/ | Mitrovica/ | Peja/
Season Gjilan | Mitrovica Peja Prizren Mitrovica Peja Prizren Peja Prizren | Prizren
Winter 0.268 0.3721 0.0035" 0.00023™" 0.6178 0.4778 0.2904 0.0990 0.0320" 0.5986
Summer 0.7794 | 0.04668" 0.0623 0.0571 0.1730 0.2132 | 0.2001 | 0.0064™ | 0.0092" | 0.3474

* Significant difference in P < 0.05
** Significant difference in P <0.01
“Significant difference in P < 0.001

The major possible reason for some samples of Gjilan
and Prishtina exceeding many times the maximum tolerable
limit could be the human error, as a result, a further study
must be done, using another analytical confirmative method,
and a greater number of samples from the regions mentioned
above. It was expected to have higher contamination dur-
ing the winter season, because during the winter season, the
climate conditions are more favorable for the moulds to de-
velop, as well as there is more compound feeding of animals
in the winter season than in the summer season.

Conclusions

From 192 samples been examined, 80 (41.7%) samples
where positive in AFM1. Among them, 13 samples (6.8%)
exceeded the European Union maximum Limit for AFM1
i.e. 0.05 pg/l. The maximum mean concentration of AFM1
recorded in the winter season was in the range of 0.014 —
0.109 pg/L, and during the summer season, it was in the
range of 0.028 — 0.833 pg/L. In terms of regional distribu-
tion of positive samples during the winter and the summer
season in 2016, Prizren was the region with the highest num-
ber of positive samples, 32 or (53%), followed by the region
of Peja with 25 (50%) positive samples. The highest level
of contamination was detected in the winter season for all
the regions, except for the regions of Prishtina and Gjilan,
where the summer milk was more contaminated with AFM1.
It can be concluded that AFM1 contamination in the present
investigation of the raw milk is relatively high and prevalent,
which may be a potential public health problem in Kosovo,
notably in the region of Prizren and the region of Peja. Also,
the regions of Prishtina and Gjilan recorded alarmingly high
maximum range which is a must for using another method to
confirm those results. Farmers must be educated on proper
animal feed storage, the potential health consequences of
AFMI, and the importance of its control. Regular raw milk
control must be done by government authorities to prevent
any potential human and animal health risk. Further stud-
ies are needed to be done, with a greater number of samples
per regions, and another confirmative method should be used

for sample analysis. Based on these results, and considering
the general public health situation in Kosovo, we strongly
recommend the Food and Veterinary Agency of Kosovo to
take concrete steps for establishing the continuous monitor-
ing systems for AFM1 in raw cow milk.
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