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This study was undertaken to determine the presence and levels of aflatoxin M, (AFM,) in
ewe’s raw milk produced by different farms in the Istrian region of Croatia, and to compare the

obtained results with maximum of AFM, tolerance limits in ewe’s milk that are accepted by some

of the countries such as Croatia. All ewe’s milk samples were collected in triplicates at two farms in
May, two farms in June, and two farms in July during the year 2007. The occurrence of AFM, con-
tamination in ewe’s milk samples was investigated by ELISA (Enzyme Linked Immunosorbent As-

say) technique. A total of 18 samples of raw ewe’s milk were analyzed. AFM, was found in all of the

ewe’s milk samples examined. The mean value was 0.028 ug/L. None of the samples did not contain
AFM, in concentration that exceeded the maximum acceptable levels (0.05 ug/L) that are accepted

by Croatia.
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Introduction

Fungi are a major cause of deterioration and
spoilage in stored crops. They render unfit for hu-
man and animal consumption perhaps as much as 1
% of world’s supply of grain and oilseeds (Johnson,
1948). Spoilage fungi attack food and feed crops af-
ter harvest, whenever environmental conditions be-
come favorable for their proliferation.

Moisture content of the seed or grain, its viabil-
ity and physical state, ambient temperature, length
of storage, and the activity of stored product, insect
and mites are the main factors that determine both
the initiation and extent of mould growth. These
factors also govern the metabolism of a given fungus
strain to its capacity for toxin production.

The capacity of fungi to produce toxic metabo-
lites has been known since the turn of century. As
early as 1913, Alsberg and Black of the US Depart-
ment of Agriculture conjectured that the products
of mould growth might be involved in diseases. Cer-
tainly, the first described form of a mycotoxicosis,
ergotism, has been known to man from such of this
recorded history. In modern times, the ability of
fungi to synthesize highly toxic compounds was not-
ed during extensive screening of microorganisms for
antibiotic production, but the significance of these
findings was not fully appreciated. However, the
eruption of “Turkey X” disease in England in 1960,
followed by the discovery of aflatoxins, resulted in a
drastic reappraisal of the mycotoxins problem. Sur-
vey of foods and feeds revealed that the problem was
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worldwide, rather than confined to any geographical
area (Blount, 1961).

Aflatoxins are a group of highly toxic secondary
metabolites produced by certain species of moulds
from genera Aspergillus, Penicillium and Rhizo-
pus during their growth on plants and its products
(Goldblatt, 1969). As aflatoxins are carcinogen-
ic, mutagenic, and teratogenic to animals and hu-
mans, contamination of feed and food is a current
problem (Piva et al., 1995; Galvano et al., 1996;
Durakovié¢, 2007; Durakovié et al., 2008, 2011b;
Prado et al.,, 2011; Zafar et al., 2011). Of all my-
cotoxins, aflatoxin B, (AFB,) is considered to be the
most toxic/carcinogenic compound (Skrinjar et al.,
1992; TIARC, 1993b; Durakovi¢ et al., 2011a).

Mammals that ingest AFB -contained diets
eliminate into milk amounts of the principal 4-hy-
droxilated metabolite known as “milk toxin” or afla-
toxin M, (AFM,) (Galvano et al., 1996). Recently
Rothschild (1992) classified AFB, and AFM, as class
1 and 2B (or probable) human carcinogens, respec-
tively. There is a general consensus that approxi-
mately 1-3 % of the AFB initially present in animal
feeds appear as AFM, in milk, but this transmission
rate was shown to vary from animal to animal, from
day to day, and from one milking to the next (van
Egmond and Paulsch, 1986; Fallah et al., 2011;
Iha et al,, 2011).

Milk is a highly variable product that rapidly
loses its homogeneity and spoils if untreated. Since
milk may be processed in numerous ways, the effect
of storage and processing on stability and distribu-
tion of AFM, are of a great concern. Purchase et
al. (1972) reported that the aflatoxin M content of
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Figure 1. Chemical structure of aflatoxin B

(Durakovié¢, 2007)
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freeze dried milk was reduced during processing.
They found a reduction ranging from 32 % to 87
% for processes such as pasteurization, sterilization,
preparation of evaporated milk, roller drying, and
spray drying. Reduction in aflatoxin content was
confirmed by duckling bioassay. Aflatoxin was not
detected in cottage cheese prepared from the paste-
urized milk, but was present in the whey.

According to Stoloff (1977) and Kourouse-
kos (2011), milk has the great demonstrated poten-
tial for introducing aflatoxin residues from edible
animal tissue into the human diet. Moreover, as milk
is the main nutrient for growing young, whose vul-
nerability is noteworthy and potentially more sensi-
tive than that of adults, the occurrence of human
breast milk, commercially available milk, milk prod-
ucts and protein concentrates based on milk such
as whey protein concentrates are one of the most
serious problems in food hygiene (Matijevi¢ et al.,
2008; Brn¢ic et al., 2009). AFM, is hepatic carcino-
genic metabolite found in milk of lactating animals
that had ingested AFB -contaminated feed (van Eg-
mond, 1989; Skrinjar et al., 1992; Galvano etal.,
1996; Kamkar, 2006; Atasever et al., 2011).

There is a linear relationship between the AFM,
content in milk and the consumption of AFB, via
foodstuff (Sasshara et al.,, 2005; Fallah et al.,
2011). It has been estimated that about 0.3-6.2 %
of AFB, present in animal feed pass as AFM, in milk
(Creppy, 2002; Rubio et al., 2011). Although the
toxicity of AFM, is less than AFB,, its cytotoxic,
genotoxic and carcinogenic effects are well demon-
strated. Hence the IARC of WHO initially catego-
rized AFM, as a Group 2 human carcinogen (IARC,
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(Durakovi¢ et al., 2011a)
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Table 1. Current and proposed legal limits (ug/L/kg) for aflatoxin M, in milk and dairy products for
human consumption in various European countries and USA" (van Egmond and Wagstaffe,
1987, Creppy, 2002; Manetta et al., 2005; Kamkar, 2008)

Country Raw milk Dairy products
European Union® 0.05 (©) 0.05 (©)
0.02 (P) butter
Austria 005 (V) 0.25 (P) cheese
0.01 (V) pasteurized infant milk
0.4 (P) powdered milk
Belgium 0.05 (V) 0.10 (P) milk powder for infant foods
Bulgaria 0.50 (V) 0.10 (P) milk powder for infant foods
Croatia 0.05 (V) 0.025 (P) milk powder for infant foods
0.05 (V)
Czech Republic 0.10 (V) children’s milk
0.50 (V) adult’s milk
0.03 (P) milk powder for infant foods
France 0.05 (P)
0.05 (P) adult’s milk
Germany 0.05 (P) 0.10 (P) milk powder for infant foods
0.05 (P) milk powder for infant foods
The Netherlands 0.05 (P) 0.20 (P) cheese
0.02 (P) butter
Russia 0.05 (V) 0.10 (P) milk powder for infant foods
Sweden 0.05 (P) 0.10 (P) milk powder for infant foods
0.01 (C) milk powder for infant foods
Switzerland 0.05 (C) 0.25 (C) cheese
0.02 (C) butter
USA (FDA)® 0.50 (V)

"Legislation common to all member countries: EU Regulation 466/2001
"Legislation was complied from the FAO publication: Worldwide regulations for mycotoxins 1995 - A compendium. FAO Food and

Nutrition Papers, No. 64, Roma, 1997
*(C) = current limit ; (P) = proposed limit ; (V) = voluntary limit

1993a), but has transferred it to Group 1 according
to recent investigations (IARC, 2002). Occurrence
of AFM, in milk and derivatives is a worldwide con-
cern since these products are frequently consumed
in market and therefore could be important vehicles

for introducing aflatoxin residues into the human
diet (Ardic, 2009; Tha et al., 2011).

The incidence of AFM, is often higher in com-
mercial milk than in raw milk, because of the dilu-
tion of uncontaminated bulk milk by only a few con-
taminated samples (Skrinjar et al., 1995; KamKkar,
2006). On the other hand, a seasonal trend in milk
contamination showed that lower levels of AFM,
occurred during the summer months, when ani-

mals consumed more grass than concentrated feeds

(Galvano et al., 1996; Fallah et al., 2011).

The toxicological concern with AFM, arises in
principle from its close structure similarity to AFB,
(Figures 1 and 2), which has shown to be of the most
potent carcinogens (Durakovi¢, 2007; Durakovi¢
etal., 2011a).

To reduce this risk, most of the developed
countries have regulated the maximum permissible
levels of AFB, in foods and feeds as well as the levels
of AFM, in milk and milk products, such as cheese
and milk powder for infant foods (Table 1), until
1997, when the European Union has set the maxi-
mum residue limit (MRL) of 50 ng/L/kg for AFM|
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in milk (FAO Food and Nutrition Papers, 1997),
and recently also MRL of 25 ng/L/kg in baby food
(Commission Regulation EC No. 683/2004).

Currently the limits are highly variable, de-
pending on the degree of development and econom-
ic involvement of the countries insetting regulatory
limits: according to van Egmond (1989) and the
Codex Alimentarius Commission (2001), regulatory
limits seem to be a practical compromise between
the need to have carcinogen-free commodities and
the economic consequences of setting regulatory
limits. Current and proposed limits for AFM, in
selected European countries and USA are given in
Table 1.

The European Commission (EC) has set a limit
of 50 ng/L for AFM, in milk (EC, 2001), while the
US Food and Drug Administration (US FDA, 1997)
prescribed the maximum level for AFM, in milk 10-
fold higher (500 ng/L) than the current level in the
EC (Table 1).

AFM, is relatively stable in raw and processed
milk and milk products, and is unaffected by pas-
teurization or processing into cheese (Sefidgar et
al., 2011). Thus, if raw milk contains AFM, cheese
made from such milk also contains AFM, (Galvano
et al., 1996; Rubio et al., 2011). Traditional Istrian
cheese is produced from raw ewe’s milk on a small
scale farms across Istria and it is left to ripen 90-120
days (Mrkonji¢-Fuka et al., 2010). The produc-
tion and consumption of cheese, especially Istrian
cheese is widespread in the Istrian region of Croatia
(Samarzija et al., 2003). For this purpose, this
study was designed to determine the presence and
levels of AFM, in Istrian ewe’s milk, that is especial-
ly sold and consumed in Istria region, and to com-
pare the obtained results with maximum of AFM,
tolerance limits in milk that are accepted by some of
the countries such as Croatia.

Materials and methods

Sampling

Investigated ewe’s raw milk was collected from
six farms located at different areas in the Istrian re-
gion of Croatia during the year 2007. Due to une-
qual beginning of the production of Istrian cheese at
different farms, the collection of ewe’s milk samples
started at two farms in May, two farms in June and
two farms in July 2007. All samples were collected

in triplicates and transported to the laboratory in-
side a digital portable refrigerator stored at 4 °C,
and frozen at -20 °C. A total specimen contained 18
ewe’s raw milk samples, which were used for AFM,
analysis, and randomly obtained from six different
ewe’s milk producers who delivered their milk to
the Department of Microbiology, Faculty of Agricul-
ture, Zagreb, Croatia. The ewe’s milk samples were
taken six times at 15 days intervals.

Methods

The most common analytical methods em-
ployed for AFM, determination are thin layer
chromatography (TLC), high performance liquid
chromatography (HPLC) and enzyme-linked im-
munosorbent assay (ELISA). Among them, ELISA
is often used for routine screening due to its several
advantages, such as rapidity, simplicity and cost-ef-
fective (Rosi et al., 2007; Kursat et al., 2011). In
this study, we employed a reliable method for ELISA
determination of aflatoxins in raw ewe’s milk, which
we consider to be a better method for controlling
aflatoxins (Rastogi et al.,, 2004; Radoi et al,
2008). Determination of AFM, was based on ELISA
using RIDASCREEN IMMUNOLAB Aflatoxin M,
test kit (Immunolab GmbH, Kassel, Germany). The
test kit is sufficient for 96 determinations (including
the calibration curve).

This method is quick, reliable, and costs ef-
fective for estimating AFM, and has been included
in the official collection of test procedures by the
German Federal Board of Health. Solvents used
during the experiments were analytically pure and
purchased from Merck (Darmstadt, Germany), and
were prepared according to van Egmond (1989).
AFM; standard solutions used for the construction
of the calibration curve were at levels of 0, 5, 10,
20, 50, 100, 200, 500 and 1000 pg/mL and were all
included in the ELISA test kit.

Preparation of raw ewe's milk samples

Preparation of samples was conducted accord-
ing to the instructions of the IMMUNOLAB test
kit. Briefly, raw ewe’s milk samples (5 mL each)
were chilled at 10 °C and then centrifuged for 10
min. at 3500 rpm. After centrifugation, the upper
cream layer was completely removed by aspirating
through a Pasteur pipette. An aliquot (100 uL per
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well) of the skimmed ewe’s milk was used directly
in the test.

Test procedure

AFM; standards or the prepared raw ewe’s milk
sample solutions were added to microtiter wells in
duplicate. During incubation for 60 min. at room
temperature in the dark, the antibody binding sites
are occupied proportionally to the AFM, concentra-
tion. 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 are occupied by the enzyme conjugate (enzyme
labeled toxin), which was added (100 uL) and incu-
bated for another 60 min. at room temperature in
the dark. Any unbound enzyme conjugate was then
removed in a washing step. Enzyme substrate (urea
peroxide, 50 uL) and chromogen (tetramethylbenzi-
dine, 50 uL)) were added to each well and incubated
for 30 min. at room temperature in the dark. Bound
enzyme conjugate converts in colorless chromogen
into a blue product.

Then, the addition of the stop reagent (100 uL
per well) led to a color change from blue to yellow.
The measurement was made spectrophotometri-
cally at 450 nm (optional reference wavelength 600
nm). The mean values obtained of the absorbance
values, obtained for the standards and the ewe’s
milk sample, were divided by the absorbance value
of the first standard (zero standard), and multiplied
by 100. Therefore, the zero standard is thus made
equal to 100 % and the absorbance values are quoted
in percentages (Lopez et al., 2003):

Absorption standard (or sample)

x 100%

% absorption = -
Absorption zero standard

Evaluation of AFM,

The standard calibration curve obtained in the
present study for AFM detection by using the ELI-
SA test is depicted in Figure 3. The absorption is
inversely proportional to the AFM| concentration in
the raw ewe’s milk sample. The AFM, concentra-
tion in ug/L corresponding to the absorption of each
ewe’s milk sample can be read from this curve. The
mean lower detection limit was found to be 0.01
ug/L for ewe’s milk. The results are consistent with
Kaniou-Grigoriadou et al., 2005.

Calculation of extrapolated values of AFB,
concentrations in ewe's feeding stuffs

Many researchers reported that there was a
linear relationship between the amount of AFM in
milk and AFB, in feed consumed by the animals like
cows and ewes (Bacher etal., 1998; Bakirci, 2001;
Rastogi et al.,, 2004). It has been suggested that
only 1.6 % of ingested AFB, is converted to AFM,
by the dairy cattle. The values of AFB, in dairy cat-
tle feeds are extrapolated from the back calculation
of the values of AFM obtained from the analysis of
ewe’s milk samples. Therefore, the values of AFB
contamination in dairy cattle feeding stuffs were
back calculated by the formula given below (Price
et al., 1985; Forbisch et al., 1986; Rastogi et al.,
2004):

AFM, (ng/L) x 100

AFB, (g/ke) = 1.6 x 1000

Results and discussion

Performance of analytical method

The values of AFM, calculated for the standards
were entered in a system of coordinates on semi-
logarithmic paper against the AFM, concentration in
ng/L (Figure 3). The resolution of the curve within
the range 1-10 ng/L was insufficient to enable reliable
interpolation of AFM, concentration based on their
corresponding absorbance values, i.e. % maximum
absorbance at 450 nm (Figure 3). Therefore, concen-
tration values of AFM, obtained from the curve with-
in this range were not considered reliable. However,
the standard curve for the range 10-100 ng/L was re-
liable, and within this range, the inverse correlation
between AFM, concentrations in the standard or in
the samples, and their correspondent absorbance val-
ues at 450 nm was good (Figure 3). The percentages
of absorbance obtained in the ELISA with the calibra-
tion curve (Figure 3) allow calculating the AFM, con-
centration in ug/L in the ewe’s milk samples (Table

2), for each kind of milk-dairy farm milk.

In the present work, it was intended to inves-
tigate quantitatively the detection and determina-
tion of AFM,, whose presence in Istrian raw ewe’s
milk was of special interest. As shown in Table 2,
all of the 18 raw ewe’s milk samples were found to
be contaminated with AFM, at <0.025-0.037 ug/L.
The mean value was 0.028 ug/L. All samples were
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Figure 3. Calibration curve of aflatoxin M,. The values on the ordinate represent absorbance at 450 nm
for the ewe’s milk sample or the standard divided by absorbance at the same wavelength

for the control

below the advisory limit of EU regulations (0.05
pg/L).

It is known that contamination of ewe’s milk is
a result of exposure of AFB, to ewes through feed-
stuffs (Price et al., 1985; Forbisch et al., 1986;
Rubio et al., 2011). Using the factor, the content of
AFB, in the dairy cattle feed was extrapolated from
AFM, contamination in ewe’s milk samples (Table
3). It can be seen from the results that the feed con-
tamination with AFB in ewe’s feed did not exceed
1.5-2.3 ug/kg, with an average of 1.9 ug/kg (Table
3). Moreover, the levels of AFB, in ewe’s feed are
very low, and in no case did not exceed the levels
that are recommended by EC regulations (5 ug/kg)
(European Commission, 2006).

Kamkar (2008) reported that in the spring
and summer, samples mean concentrations of AFM,
were significantly lower than that of samples meas-
ured in winter and autumn. The researcher showed

that 40 % of the samples exceeded the EU limits,
while none of the samples exceeded US limits (ten
fold higher than EU limits) (Table 1). He pointed
out the importance of seasonal factors in AFM, lev-
els. Other researchers also reported a higher inci-
dence of AFM, contamination during cool seasons,
than hot ones (Blanco et al., 1988; Lopez et al.,
2003). Due to the seasonal conditions in winter,
dairy cows are fed with animal feed that exceed the
allowed AFB, content.

Thus far, a relationship between AFM, occur-
rence level in milk and AFB, content in dairy cat-
tle feed was reported (Wood, 1991; Guan et al,,
2011). The most important factors on the amount
of AFB, were temperature and moisture, since some
moulds like A. flavus and A. parasiticus can easily
grow in feeds having moisture between 13-18 %,
and environmental moisture between 50-60 % (Jay,
1992). The mean concentrations of AFM, were de-

Table 2. AFM, contamination in ewe’s milk samples in Istria region during the year 2007

Sample category Samples Positive AFM, range Exceed‘ing EC/Codex
analyzed samples (ng/L) regulations (50 ng/L)
Liquid ewe’s milk 18 18 (18) 0.024-0.037 None
May 6 6 (6) 0.024-0.037 None
June 6 6 (6) 0.024 None
July 6 6 (6) 0.024-0.029 None
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Table 3. Extrapolated AFB, concentration in dairy cattle feedstuffs based on AFM, contamination in ewe’s

milk samples

Samples Positive AFB, range Exceeding EC/Codex
Sample category !
analyzed samples (ug/ke) regulations (5 ug/kg)
Dairy cattle feedstuffs 18 18 (18) 1.5-2.3 None
May 6 6 (6) 1.5-2.3 None
June 6 6 (6) 1.5 None
July 6 6 (6) 1.5-1.8 None

termined in spring and summer seasons as 0.024-
0.037 and 0.024-0.029 ug/L, respectively. The mean
concentrations of AFB, in dairy cattle feedstuffs
were determined in spring and summer seasons as
1.5-2.3 and 1.5-1.8 ug/kg, respectively. Tables 2 and
3 show the obtained results.

Concentrations of AFM were lower than the
Maximum Residue Level (MRL) accepted by Eu-
ropean Union, 50 ng/L/kg (European Commission,
2006). There is no statistically significant difference
between AFM, and AFB, levels between spring and
summer seasons. In this study, the occurrence of
AFM, indicates that the levels of aflatoxins were
higher in the spring. These results could be attri-
buted to the effect of the type of feed intake to the
residual levels of aflatoxins in raw ewe’s milk in the
spring and the first months of summer as a result of
low feed quality. These results are in agreement with
some other studies (Ghiasian et al., 2007; Herzal-
lah, 2009; EIKhoury et al., 2011).

Conclusions

Raw ewe’s milk samples were analyzed for the
presence and concentration of aflatoxin M, using an
enzyme-linked immunoassay. The contamination
level of the ewe’s milk samples with this mycotoxin
observed in this study was usually lower than 50
ng/L. This food product provides no potential risk
for human health. The initial approach to control the
occurrence of AFM, in ewe’s milk and milk products
had been to control the AFB, contamination of ani-
mal feed. The contamination in the field, however, is
very difficult to control, because it is influenced pri-
marily by climate conditions, such as relative humid-
ity and temperature. Soil moisture and insects dam-
age are also important factors in the contamination
of commodities. However, it is reported that the

highest concentrations of aflatoxins are associated
with the postharvest growth of Aspergillus moulds
on poorly stored stuffs. For this reason, animal feeds
should be checked regularly for AFB,, and storage
conditions of feeds must be under strict control.
Milk and dairy products containing high levels of
AFM, are prohibited for human consumption.

Beside this, it is important to have low levels of
AFB, in the feeds of dairy animals, and in order to
achieve this purpose, feeds of dairy cows and ewes
should be kept away from contamination as much as
possible. In recent past, it has been indicated that
many countries of Europe showed relatively low lev-
els of AFM, contamination in milk and milk products
(Trucksess, 1997, 1998, 1999). The occurrence of
AFM, at such low levels in European countries may
be a result of stringent AFB, regulation in comple-
mentary foodstuffs for dairy cattle.

Procjena kolicine aflatoksina
M, u sirovom ovcjem mlijeku za upotrebu
u proizvodnji Istarskog sira

Sazetak

[strazivanje je provedeno radi odredivanja pri-
sutnosti i koli¢ine aflatoksina M, (AFM,) u sirovom
ov&jem mlijeku proizvedenom na razli¢itim farma-
ma u Istarskoj regiji Hrvatske i usporedbe dobive-
nih rezultata s maksimalnim dopustenim vrijedno-
stima AFM, u ov¢jem mlijeku, koje su prihvacene
u pojedinim zemljama poput Hrvatske. Svi uzorci
ov¢jeg mlijeka sakupljeni su u triplikatu na dvije
farme u svibnju, dvije farme u lipnju i dvije farme
u srpnju tijekom 2007. godine. Utestalost konta-
minacije uzoraka ov¢jeg mlijeka s AFM, testirana
je ELISA imunoafinitetnim postupkom. Analizi-
rano je ukupno 18 uzoraka sirovog ov¢jeg mlijeka.
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AFM, naden je u svim istraZivanim uzorcima ov-
¢jeg mlijeka. Srednja vrijednost iznosila je 0,028
wg/L. Niti u jednom uzorku nisu nadene koncen-
tracije AFM, koje prelaze maksimalno dopustenu
razinu (0,05 ug/L) $to je prihvacena u Hrvatskoj.

Klju¢ne rijeci: plijesni, aflatoksin B,
aflatoksin M|, ELISA, ov¢je mlijeko
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