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Summary: Aflatoxin M; (AFM,) may occur in milk and dairy products, resulting from the ingestion of feedstuffs
contaminated with aflatoxin B; (AFB,) by dairy goats. The aim of this study was to determine the levels of AFM; in goat milk
commonly consumed in the city of Kilis. One hundred and ten samples of milk were collected randomly from individual farms in
Kilis from March 2006 to April 2006, Turkey, samples were analysed for AFM; by ELISA. AFM; was not determined in 17 samples
(15.46%), whereas 93 samples (84.54%) were found to contain AFM; at various levels. In 70 of the 110 samples, the presence of
AFM, was detected in a concentration ranging between 5.16 and 116.78 ng/l. AFM; levels in 7 (6.36%) of 110 goat milk samples
were found to be higher than the maximum tolerable limit (50 ng/l) accepted by the Turkish Food Codex. We concluded that AFM;
was determined in 84.54% of the goat milk samples consumed by the people in the Kilis province. Moreover 6.36% of samples
contained AFM, at hazardous levels for human health.
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Kilis bolgesinde tiiketilen kegi siitlerinde aflatoksin M, diizeylerinin belirlenmesi

Ozet: AFB, ile kontamine yemler siit kegileri tarafindan tiiketildiginde, siit ve siit iiriinlerinde AFM; meydana gelebilir. Bu
¢alismanin amaci Kilis’te yaygin olarak tiiketilen kegi siitlerindeki AFM; diizeylerini belirlemektir. 2006 yili Mart-Nisan aylarinda,
Kilis’teki bireysel ciftliklerden elde edilen 110 keci siitii 6rneklerinde ELISA yontemiyle AFM, analizleri yapildi. AFM; 17
(%15,46) ornekte belirlenemezken, 93 (%84,54) siit drneginde farkli diizeylerde bulundu. AFM, 110 siit 6rneginin 70’inde 5,16—
116,78 ng/l diizeyleri arasindaki yogunluklarda belirlendi. Orneklerin 7’sinde (%6,36) belirlenen AFM, diizeyleri Tiirk Gida
Kodeksi’nde belirtilen maksimum kabul edilebilir limitten (50 ng/l) daha yiiksek diizeyde 6l¢iildii. Sonug olarak, Kilis ilinde insanlar
tarafindan tiiketilen keci siitii Orneklerinin %84,54’tinde AFM, belirlendi ancak &rneklerin %6,36’s1 insan sagligt icin risk
olusturacak diizeyde AFM, igermekteydi.

Anabhtar sozciikler: Aflatoksin M;, ELISA, kegi siitii, Kilis.

Introduction
Aflatoxins associated with both toxicity and
carcinogenicity in human and animal populations are a
group of naturally occurring toxins produced mainly by
three species of Aspergillus (A. flavus, A. parasiticus and
A. nomius) which contaminate plants and their products
(6, 18).

Aflatoxins are acute toxic, immunosuppressive,
mutagenic, teratogenic and carcinogenic compounds. The
main target organ for toxicity and carcinogenicity is the
liver (18). When lactating mammals, such as cows, sheep
and goats, are fed with feeds contaminated with AFBy,
this metabolite can be converted to hydroxylated form
called AFM,, which is cytotoxic and genotoxic substance
(30). AFB; is biotransformed by hepatic microsomal
cytochrome P450 to AFM,; which possesses 10 times
lower carcinogenic potential compared to the parent

molecule (8). AFM; was classified by the International
Agency for Research on Cancer (IARC) as a Group 2B
agent (possibly carcinogenic to humans) in 1993 (15).

AFM,; could be detected in milk 12-24 h after the
AFB, ingestion, reaching a high level after a few days.
When the intake of AFB; is stopped, the AFM;
concentration in the milk decreases to an undetectable
level after 72 h (30). The ratio between AFB,; ingested
and AFM, excreted had been estimated to be 1-3% (5)
but values as high as 6% had been reported by Pittet (25),
however, the percentage varies from animal to animal,
day to day and one milking to the other (21).

AFM, had a resistant to thermal inactivation used
during food processing procedure such as pasteurization
and autoclaving. Storage of various dairy products was
not effective in the reduction of this toxin (18, 24, 27).
Milk and its products are a major nutrient for human
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especially children through the world. At the same time,
these products may be contaminated with AFM, residues
which extensively threaten the human health. For this
reason, many countries have regulations to control the
levels of AFB, in feeds and to propose maximum
permissible levels of AFM; in milk to reduce this risk (2,
26). Regulatory
influenced by economic considerations and may vary
from one country to another (28, 30). The European
Community and Codex Alimentarius prescribe that the
maximum level of AFM; in liquid milk and dried or
processed milk products should not exceed 50 ng/kg (7).
However, according to US regulations the level of AFM;
in milk should not be higher than 500 ng/kg (28). Turkish
legal limits for AFM; in milk is 50 ng/l (29). In spite of
the regulatory control measures taken by many countries,

limits throughout the world are

production of aflatoxin-free milk is not always achieved
(12).

Although presence of aflatoxin in feed, milk and
cheese was systematically controlled in USA, Europe and
other developed countries, there were insufficient data on
the contamination of milk and cheese with AFM, in
Turkey. Milk and dairy products have been produced and
consumed widely in Kilis province. There was no
information about the occurrence of AFM, in milk and its
products in this city. Therefore, the aim of this study was
to investigate the presence of AFM; in goat milk samples
consumed in Kilis by ELISA method.

Materials and Methods

One hundred and ten samples of milk obtained
randomly from individual farms in Kilis from March
2006 to April 2006, Turkey, samples were investigated
for AFM; by ELISA. The goat milk samples were
transferred to the laboratory in ice boxes and they were
stored in a cool place, protected from light. Analysis of
samples was carried out in less than 24 h from the time
of their arrival to the laboratory. The samples were
analysed in Department of Pharmacology and
Toxicology Faculty of Veterinary Medicine at Afyon
Kocatepe AFM,
determined by competitive ELISA (Thermo Labsystems
Multiskan Spektrum, 1500).

Determination of AFM; was based on an enzyme
linked immunoassay using the Ridascreen test kit
(Ridascreen®, aflatoxin M; r-biofarm, Art. No.:R1101.

Germany). According to the instructions for use of the

University. concentrations  were

Ridascreen kit, the recovery rate in milk (10—80 pg/ml) is
95%. This method is quick, reliable and cost effective for
the estimation of AFM,; and has been included in the
official collection of test procedures by the German
Federal Board of Health. The test shows cross-reaction to

AFB; (12.4%) but this is not relevant when analyzing
AFM,, considering that AFB; usually is not to be found
in milk or milk products (17).

Preparation of samples: Preparation of samples was
conducted according to the instructions of the
RIDASCREEN kit. Briefly, milk samples (4 ml each)
were chilled and then centrifuged for 10 min / 3500 g
/10°C (Niive NF 1000R). After centrifugation the upper
cream layer was completely removed by aspirating
through a pasteur pipette. An aliquot (100 pl per well) of
the skimmed milk was used directly in the test.

Test procedure: ELISA test kit included AFM,
standards solutions levels of 0, 5, 10, 20, 40 and 80
pg/ml. AFM,
solutions were added (100 pl) to microtiter wells. During
incubation for 60 min at room temperature in the dark,
the antibody binding sites were occupied proportionally
to the AFM, concentration. The liquid was then removed
completely from the wells, which were washed twice
with distilled water. In the next step, any remaining free
binding sites were occupied by the enzyme conjugate
(enzyme labeled toxin), which was added (100 pl) and
incubated for another 60 min at room temperature in the
dark. Any unbound enzyme conjugate was then removed

standards and the prepared sample

in a washing step. Enzyme substrate (urea peroxide, 50
ul) and chromogen (tetramethylbenzidine, 50 pl) were
added to each well and incubated for 30 min at room
temperature in the dark. Bound enzyme conjugate
converts the colourless chromogen into a blue product.
Then the addition of the reaction stop reagent (100 pl per
well) led the colour change from blue to yellow. Change
in colour was made photometrically at 450 nm. The mean
values of the samples and the absorbances for standards
were evaluated according to the Ridasoft Win (Version
1.44 R-Biopharm) computer program.

Statistical analyses: Means, percentages, minimum
and maximum values of data were calculated as proposed
by Zar (31).

Results

The present study, total of 110 milk samples
obtained randomly from individual farms were analysed
for AFM, with the ELISA method. Results are shown in
Table 1. AFM; was not detected in 17 samples (15.46%),
whereas 93 samples (84.54%) were found to contain
AFM; at various levels. In 70 of the 110 samples, the
presence of AFM,; was detected in the concentration
ranging between 5.16 and 116.78 ng/l. AFM; levels in 7
(6.36%) of 110 goat milk samples were found to be
higher than maximum tolerable limit (50 ng/l) accepted
by the Turkish Food Codex.
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Table 1. Levels of AFM; in goat milk consumed in Kilis
province.
Tablo 1. Kilis bolgesinde tiiketilen kegi siitlerinde AFM;
diizeyleri.

Concentration Sample, Incidence Average® Range’
of AFM, n (%) Min-Max
(ng/)
ND 17 15.46 - -
<5 23 2091 - -
5-50 63 57.27 13.03  5.16-41.40
> 50 7 636 75.05 55.07-116.78
Total 110 84.54 19.23  5.16-116.78

ND, not detected.

#: Mean of positive samples.
°: Minimum — maximum.

*: Exceed Turkish legal limits.

Discussion and Conclusion

AFM; levels in milk and dairy products are
important since many people use milk and dairy products
in their diets frequently, especially babies and children.
Milk has the greatest potential for introducing AFM; into
the human diet. For this reason, AFM; in milk and dairy
products should be controlled systematically.

Currently aflatoxin analysis are done by various
methods including thin-layer chromatography (TLC),
liquid chromatography (LC), high-performance liquid
chromatography (HPLC) and enzyme-linked
immunosorbent assay (ELISA) (2, 4). Although there are
several techniques for detecting AFM; in milk and dairy
products, ELISA is the most useful technique due to its
quickness, sensitivity, ease of application and cheapness.
Therefore, ELISA technique was used for detecting
AFM, in goat milk samples in present survey.

Evidence of hazardous human exposure to AFM;
through milk and dairy products had been shown by
several investigators (4, 12, 19, 21). AFM;, level in the
milk was significantly affected by the geographical
region, country, and seasons. It was demonstrated that
milk produced in summer was less contaminated than
that produced in the winter season (12).

In a study conducted by Alborzi et al. (1), AFM,
was found in 100% of examined milk samples. 390
samples (62.5%) had contamination less than 45 ng/l
AFM;, 123 samples (19.7%) contained 45-50 ng/l, 94
samples (15.1%) contained 50-80 ng/l and 2.7% of
samples contained more than 80 ng/l of AFM; in Shiraz
(south of Iran). Alborzi et al. (1) determined that 17.8%
of samples had AFM; greater than the maximum
tolerance limit (50 ng/l) accepted by European Union. In
Campinas, Brazil (9), AFM,; was only detected in four

samples of pasteurized milk in values between 73 and
370 ng/l, of a total of 204 samples of pasteurized milk,
powdered milk, cheese and yoghurt. Galvano et al. (11)
detected AFM, in 97 samples of dry milk for infant
formula using HPLC; in 81 samples (84%) amounts
ranged from <0.001 to 0.101 pg/l.

In Japan during the winter season, AFM; was
detected in 207 (99.5%) of 208 milk samples at 1-29
ng/kg with a mean of 9 ng/kg (22). In a Korean study, the
incidence of AFM; in liquid milk was 76%, with a mean
concentration of 18 pg/g (19). The incidence of AFM,
contamination in the raw milk analysed in Portugal was
80.6%, 17 samples (54.8%) contained low levels (5-10
ng/l), two samples (6.5%) had levels ranging from 11 to
20 ng/l, six samples (19.3%) had levels between 21 and
50 ng/l (21). During 1996, 161 samples of milk in Italy
were checked for AFM,;. AFM; was detected in 125
(78%) of milk samples (ranging from <l to 23.5 ng/l;
mean level was 6.28 ng/l) (13). In a study in Argentina, a
total of 77 various types of milk samples were analysed,
only 18 samples (approximately 23%) were found to be
contaminated with AFM; at levels of 0.01-0.03 pg/l. All
concentrations were below the maximum tolerated levels
of AFM; in liquid milk and powdered milk (0.05 pg/l)
(20). In another study of 111 raw milk samples, 85
(76.6%) were found contamined with AFM; at
concentration between 0.15 and 0.28 pg/1 (16). Elgerbi et
al. (10) found AFM; in 71.4% of the milk samples (35 of
the 49 samples) with contaminated levels between 0.03
and 3.13 ng/ml in North African. In Lucknow, India (26),
a total of 87 infant milk products and liquid milk samples
were analysed, 76 (87.3%) samples were found to be
contaminated with AFM, at 28-1012 ng/kg with a mean
of 299 ng/kg. Almost 99% of the contaminated samples
exceeded the 50 ng/l limit.

There were many researches for AFM; analyses in
milk and dairy products in our country. One of them,
Bakirci (4) was found AFM, in 79 (87.77%) of 90 milk
samples. He reported that 35 (44.3%) of the positive
samples were found higher than the maximum limit
accepted by Turkish regulation. Oruc and Sonal (23)
examined AFM, levels in milk and cheese from Bursa.
Their result showed that the contamination with AFM,
were found in 89.5% of the cheese samples with range of
0-810 ng/kg and only one of milk sample (10%) in (10.8
ng/l) level. Aycicek et al. (3), studied the occurrence
AFM; in 183 samples of white cheese and butter in
Istanbul, in 2001. The incidence of AFM,; in white
cheese and butter samples were found as high as 65%
and 81%, respectively. In another study, in Ankara,
Giirbay et al. (14) detected AFM, in 16 (59.3%) of 27
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milk samples using HPLC. However, they found that
only one sample above maximum permissible limit
accepted by Turkey for AFM,. In another study, Aycicek
et al. (2) found that AFM; in 90.58% of 202 dairy
products samples. AFM; levels in 12 (12.76%) white
cheese and 7 (13.2%) of Kashar cheese samples were
found higher than the maximum acceptable levels (250
ng/kg). In this study, we detected in 93 (84.54%) of 110
goat milk samples AFM, contamination. AFM, levels in
7 (6.36%) of 110 milk samples were found to be higher
than maximum tolerable limit (50 ng/l) accepted by the
Turkish Food Codex.

Previous studies have reported different levels of
AFM;, in milk samples. The overall AFM;, incidence of
the milk samples analysed in this study were lower than
the results reported by Alborzi et al. (1), Nakajima et al.
(22), Rastogi et al. (26), Bakirci (4), and were higher than
the results reported by De Sylos et al. (9), Kim et al. (19),
Elgerbi et al. (10), Martins and Martins (21), Galvano
(13), Lopez (20), Kamkar (16), Oru¢ and Sonal (23),
Giirbay et al. (14). The difference can be attributed to the
geographic location, season of the year and sample size
differences among studies. Those contradicting results
might be mainly due to the different livestock
management and dairy processing systems used in those
countries.
risk to the
particularly liver cancer, this study indicated that the
incidence of AFM, concentrations in the goat milk
samples consumed in Kilis high (84.54%).
Furthermore, the levels of AFM; in milk samples were
higher than 50 ng/l is 6.36% (7 samples) in the present
survey. The results of this study about the factual
contamination of milk and dairy products with AFM,
imply that more emphasis should be given to the routine

Considering its human health,

was

AFM; inspection in milk and dairy products. In addition,
governmental agencies need to inform both farmers and
dairy companies about the important of AFB; and AFM,,
and the consequences of AFM; presence in their
products. In conclusion, these results show that the
important of periodically monitoring the occurrence of
AFM, in goat milk and dairy products in Kilis province.
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