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ABSTRACT

Aflatoxin M1 (AFM4) is the hydroxylated metabolite of aflatoxin B1 (AFB1), which is formed in the liver by cytochrome
P450 enzymes and can be secreted into the urine, feces, and milk of mammals. AFM+ is a carcinogenic, cytotoxic,
teratogenic, mutagenic and genotoxic agent that poses a significant health risk to both humans and animals. This
study was conducted to determine the presence of AFM+1 in both raw and ultra-high temperature (UHT) cow’s milk
samples produced in the northern part of Cyprus, and to determine whether it poses a risk to public health. In this
survey, a total of 20 UHT cow’s milk samples from 2 different milk brands produced in the northern part of Cyprus,
and 22 raw cow’s milk samples collected from the different dairies were analyzed for the presence of AFM+ by high
performance liquid chromatography (HPLC) with fluorescence detector after immunoaffinity cleanup. AFM+ could not
be detected in any of the analyzed raw and UHT cow milk samples. The LOD and LOQ values of the HPLC-FLD
method were 1.038 pg/kg and 3.145 ug/kg, respectively. The mean recovery and repeatability values of the method
were 95.6% and 4.9%, respectively. Although the presence of AFM+ in milk samples produced in the northern part of
Cyprus poses no major risk to public health, more milk samples and animal feed must be monitored on a regular basis
to decrease potential consumer exposure.
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Kibris’in Kuzeyinde Uretilen Siit Orneklerinde Aflatoksin M4 Diizeyleri
0z

Aflatoksin M1 (AFM1), sitokrom P450 enzimleri tarafindan karacigerde olusan ve memelilerin idrar, digki ve sitline
salgilanabilen, aflatoksin B1 (AFB+1)’in hidroksillenmis metabolitidir. AFM+1 karsinojenik, sitotoksik, teratojenik, mutajenik
ve genotoksik bir ajan oldugundan hem insanlar hem de hayvanlar tizerinde 6nemli saglik riskleri teskil etmektedir. Bu
calisma, Kibris’'in kuzeyinde uretilen ¢ig ve ultra ylksek 1s1 (UHT) inek sutl 6rneklerinde AFM+1 varligini tespit etmek
ve halk sagligi acisindan risk olusturup olusturmadigini belirlemek amaciyla yapilmistir. Calismada, Kibris’in
kuzeyinde Uretilen 2 st markasindan toplam 20 UHT inek siti ve farkh mandiralardan toplanmis 22 adet ¢ig inek
sutl 6rnegi, immunoaffinite kolon temizlemesinden sonra floresans dedektorli yiksek performansli sivi kromatografisi
(HPLC) ile AFM1 varligi yoniinden analiz edilmistir. Analiz edilen ¢i§ ve UHT inek situ drneklerinin higbirinde AFM1
tespit edilebilecek dizeyde bulunamamistir. HPLC-FLD ydnteminin LOD ve LOQ degerleri sirasiyla 1.038 ug/kg ve
3.145 pg/kg idi. Yontemin ortalama geri kazanim ve tekrarlanabilirlik degerleri sirasiyla, %95.6 ve %4.9 olarak
bulunmustur. Kibris’in kuzeyinde Uretilen sit 6rneklerindeki AFM1 icerigi, halk saghg! acisindan énemli bir risk teskil
etmese de daha fazla sayida st 6rneginin ve hayvan yeminin surekli takibi, olasi tiiketici maruziyetini azaltmak igin
gereklidir.

Anahtar Kelimeler: Mikotoksin, Aflatoksin M+, Siit, Yiiksek performansli sivi kromatografisi (HPLC)
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INTRODUCTION

Aflatoxins are secondary metabolites produced by
diverse species of the fungal genus Aspergillus and are
the most investigated group of mycotoxins [1, 2]. A.
parasiticus and A. flavus are the most prevalent strains
that produce aflatoxins under particular conditions
(relative humidity above 70%, 24-35°C, 2.5-6.5 pH). A.
nomius, A. pseudotamarii, A. bombycis, A.
ochraceoroseus, and A. australis strains, on the other
hand, are only seldom capable of producing them.
Aflatoxins occur naturally in a wide variety of food
commodities such as cereals (corn, sorghum, wheat,
rice), oilseeds (soybean, peanut, sunflower,
cottonseeds), spices (cayenne pepper, black pepper,
coriander, turmeric, ginger), nuts, dried fruits, milk, and
meat [3-6]. Aflatoxin B1 (AFB41), aflatoxin B> (AFB.),
aflatoxin G1 (AFG1), aflatoxin G2 (AFG:), aflatoxin M1
(AFM+1) and aflatoxin M2 (AFM:) are the most prominent
ones among the more than 20 types of aflatoxin
molecules identified [7]. While acute exposure to high
doses of aflatoxins in mammals usually results in
hepatotoxicity, nephrotoxicity, and in some cases death;
chronic exposure causes a variety of toxic effects,
including immunosuppression, teratogenicity,
carcinogenicity, mutagenicity, cytotoxicity, reproductive
and estrogenic disorders [8, 9].

AFB; is the most well-known human hepatocarcinogen
and the most potent hepatotoxin among the aflatoxins
[10]. According to research, AFB1 is involved in 4.6-
28.2% of hepatocellular carcinoma cases, which is the
third leading cause of cancer death worldwide [6]. The
International Agency for Research on Cancer (IARC)
concluded that there is sufficient evidence for the
carcinogenicity of AFB+ in humans and has classified
this mycotoxin as a “Group 1” carcinogen [9, 11].

AFMj1, the hydroxylated metabolite of AFB1, is formed in
the liver by microsomal enzymes and is excreted into
urine, feces, and milk in mammals [12, 13]. AFM: has
approximately  10%  carcinogenicity and  10%
mutagenicity of AFB+1, according to in vivo and in vitro
studies, respectively [14]. Hence, AFM: has been
identified as a potential risk to human health and has
been classified as a “Group 1” carcinogen by the
International Agency for Research on Cancer [3].
Humans are exposed to AFM: mostly through the
consumption of contaminated milk and dairy products or
through AFB+ metabolism in the liver. AFM1 may be
present in milk and dairy products, since it is the major
excretion product in the milk of lactating animals fed with
AFB1-contaminated diets. According to the data from
several research, the carry-over rate of AFB1 as AFM1
into the milk of dairy cows varies between 0.3% and
6.2%. The extent of carry-over of AFB+from feed to milk
in dairy cows is influenced by various factors including
season, animal feeding regimen, milking mode, rate of
ingestion, rate of digestion, hepatic biotransformation
capacity, lactation stage, and actual milk production
[14-16].

Since the presence of AFM1 and its by-products in milk
and dairy products causes global concern, many
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countries have established the maximum acceptable
limits for AFM+ in milk and dairy products, and legislative
laws have been drafted accordingly. For example, the
European Union (EU) has set the maximum acceptable
AFMy limit for adults in raw milk, milk for manufacturing
of milk-based products and heat-treated milk at 0.05
pa/kg (ppb). However, the more restrictive maximum
acceptable limit for AFM1 was set at 0.025 ug/kg for
infant formulae and follow-on formulae, including infant
milk and follow-on milk [17]. In accordance with
European Union regulations, Turkey and the northern
part of Cyprus have set the maximum AFM1 level in milk
and dairy products for adults and infants at 0.05 pg/kg
and 0.025 pg/kg, respectively [18].

Due to their high stability, no significant reduction in the
amount of AFM+ in milk and milk-based products has
been reported with  pasteurization, ultra-high
temperature, sterilization, cooking, ionizing radiation,
addition of enzymes, and other conventional food
processing methods [19, 20]. Therefore, the most
effective strategy to prevent the occurrence of AFM; in
the food chain is to inhibit mold growth in agricultural
products and the subsequent production of AFB1 in
livestock feed [21].

The presence of AFM+1 in milk and dairy products is one
of the most public health issues. The presence of this
toxin in milk, even at low levels, poses a risk for
consumers of large quantities of milk such as children
and adults, especially in long-term exposure [22].
Although milk and dairy products are the primary
sources of nutrition for infants, children, and adults,
there is no literature data on the determination of AFM;
levels in milk samples consumed in the northern part of
Cyprus. To date, only a study on the determination of
AFM; levels in Cypriot traditional cheese (Hellim), has
been reported by Oztiirk et al. [23].

This study aimed to measure the AFM; levels both in
ultra-high temperature (UHT) cow's milk samples
produced in the northern part of Cyprus and raw cow’s
milk samples collected from several local dairy farms,
and evaluate them in terms of current limits.

MATERIALS and METHODS

In this study, a total of 20 UHT cow's milk samples, 10
from each of the two dairy companies produced in the
northern part of Cyprus, and 22 raw cow's milk samples
obtained from different dairy farms were analyzed for
the presence and concentration of AFM+. On September
2020, 20 UHT cow's milk samples, all of which were
manufactured on different dates, were collected from
various markets in their original packaging (200 mL or 1
L) and transported to the Eastern Mediterranean
University, Faculty of Pharmacy Laboratory within a cold
chain. These samples were stored in the refrigerator at
+4°C and analyzed as soon as possible. In September,
22 raw cow’s milk samples from 22 distinct cows were
collected from dairy farms in three different villages in
the Famagusta region by using 50 mL falcon tubes. Raw
cow milk samples were transported to the Eastern
Mediterranean  University Faculty of Pharmacy
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Laboratory within a cold chain and kept in the

refrigerator at -20°C until analysis.

AFM;: levels in milk samples were detected by high
performance liquid chromatography (HPLC) coupled
with a fluorescence detector after immunoaffinity column
(containing monoclonal AFM+ antibodies immobilized to
a solid support) purification. For sample preparation and
immunoaffinity column (IAC) clean-up, the
manufacturer's (R-Biopharm Rhone LTD.) protocols
were followed [24].

Preparation of UHT Cow's Milk Samples

Prior to the analysis,100 mL of the milk samples were
warmed to 37°C in an ultrasonic bath, then centrifuged
at 4,000 rpm for 20 minutes. After centrifugation, the
remaining fat on the surface was separated and
discarded. In order to completely remove the fat layer,
milk samples were filtered through whatman No:4 filter
paper. 50 mL of the filtrate were passed through the
immunoaffinity column (RP70N Easi-Extract Aflatoxin) at
a flow rate of 2 mL per minute. Following the passage of
the filtrate through the column, the column was washed
with 20 mL of phosphate buffered saline (PBS) at a flow
rate of approximately 5 mL per minute. Afterwards, the
air was passed through the column to remove residual
liquid. 1.25 mL of methanol: acetonitrile (40:60, v/v)
solution was passed through the column at a flow rate of
1 drop per second to elute the AFM from the column
and collected in an amber glass vial. Backflushing was
applied and repeated 2-3 times during this process.
Following the elution, 1.25 mL of water was passed
through the column and collected in the same vial to
give a 2.5 mL total volume. The eluate collected in the
amber vial was mixed by vortex and injected into the
HPLC system in a volume of 100 L.

Preparation of Raw Cow’s Milk Samples

Minor changes were made in the preparation of raw
cow's milk samples compared to UHT cow's milk
samples. According to these changes, 100 mL of the
milk samples were centrifuged at 4,000 rpm for 20
minutes. After centrifugation, the remaining fat on the
surface was separated and discarded. To increase the
filtration rate and prevent clogging of the immunoaffinity
column, milk samples were warmed to 37°C in an
ultrasonic bath. After warming, milk samples were
filtered through whatman No:4 filter paper to remove the
fat layer completely. 50 mL of the filtrate were passed
through the immunoaffinity column (RP70N Easi-Extract
Aflatoxin) at a flow rate of 2 mL per minute. Following
the passage of the filtrate through the column, the
column was washed with 20 mL of phosphate buffered
saline (PBS) at a flow rate of approximately 5 mL per
minute. Afterwards, the air was passed through the
column to remove residual liquid. 1.25 mL of methanol:
acetonitrile (40:60, v/v) solution was passed through the
column at a flow rate of 1 drop per second to elute the
AFM; from the column and collected in an amber glass
vial. Backflushing was applied and repeated 2-3 times
during this process. Following the elution, 1.25 mL of
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water was passed through the column and collected in
the same vial to give a 2.5 mL total volume. After mixing
the eluate by vortex, it was filtered through an RC 0.45
Mm membrane filter into a new amber vial. Finally, 100
WL of the eluate collected in the amber vial was injected
into the HPLC system.

High Performance
(HPLC) Analysis

Liquid Chromatography

Agilent Technologies 1260 Infinity HPLC system (SEM
Lab Inc., Turkey) equipped with an autosampler and
fluorescence detector (Agilent FLD cell 8 yL, Germany)
was used for AFM: analysis. The excitation and
emission wavelengths of the fluorescence detector were
set to 365 and 435 nm, respectively. An Inertsil ODS-3V
4.6x150 mm column was used and the column
temperature was set to 25°C. The isocratic mobile
phase (acetonitrile/water, 25:75, v/v) with a flow rate of 1
mL/min was used. The retention time of AFM: was
determined by injecting 100 pL of AFM: reference
standard into the HPLC, which was prepared for
analysis by passing the mobile phase for a certain
period of time. Quantification was performed based on
the calibration curve constructed using AFM+ reference
standard solutions for a total of six concentration points
(2, 5,10, 20, 50 and 100 pg/L).

Method Validation

The linearity, limit of detection (LOD), limit of
quantification (LOQ), repeatability, and recovery of the
method were validated with an in-house model
according to the decision of the European Union
Commission 657/2002 [25].

Linearity was evaluated by injection of AFM+ reference
standard solutions at 6 concentration points (three
replicates for each). LOD and LOQ values were
calculated using Equation 1 and Equation 2,
respectively:

LOD =3.3*Sa/b
LOQ=10*Sa/b

(1)
)

Where sa is the standard deviation of the intercept; and
b is the slope of the regression line obtained from the
calibration curve [26].

Blank samples (milk samples which did not exhibit AFM
presence) spiked at three fortification levels (12.5, 25
and 37.5 ug/kg corresponding to 2.5, 5 and 7.5 ug/kg in
eluate) were used to calculate repeatability and
recovery. Analyzes were repeated 6 times for each
concentration level.

Statistical Analysis

Data were analyzed by one-way ANOVA. The
confidence level was established at 95% in all tests and
probabilities less than 5% (P<0.05) were evaluated as
significant. All statistical analyzes were made with
Microsoft Excel statistical program.
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RESULTS and DISCUSSION
Validation of HPLC Analysis

The HPLC method fulfilled the conditions outlined in
Commission Regulation (EC) No. 401/2006 [27]. The
calibration curve was constructed using the peak areas
obtained from AFM: standard solutions at different
concentrations. The calibration curve was found to be
linear between 2 and 100 pg/L, with linear equation
y=0.1463x+0.0652. The coefficient of determination (R?)

16.0

of the calibration curve was calculated as 0.9998 (Figure
1). The mean recovery and repeatability of the method
were 95.6% and 4.9%, respectively as reported in Table
1. The chromatograms of the UHT cow's milk sample
with and without the AFM1 standard solution added, and
the chromatogram of the AFMs standard solution at 5
Mg/L concentration used for evaluating recovery are
presented in Figures 2, 3 and 4, respectively.LOD and
LOQ values were found to be 1.038 and 3.145 ug/kg,
respectively.
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Figure 1. Calibration curve of AFM+ standard solutions.

Table 1. Repeatability and recovery data.

AFM; Spike Doses

P t
arameters 12.5 ug/kg 25 uglkg _ 32.5 uglkg
Repeatability (coefficient of variation, % CV) 4.6 3.6 6.4
Recovery (% + standard deviation, SD) 96.6+4.5 91.8+3.3 98.6+6.3
El
gee ' =
g [
£ ..
= MJ FR & 3EE N =B NE
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t (min)

- 2

Figure 2. Chromatogram of UHT cow's milk sample containing 5 pg/kg AFM+ standard solution.
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Figure 4. Chromatogram of AFM1 standard solution at 5 pg/L concentration.

Sample Analysis

20 pg/L of AFMs standard solution was injected into
HPLC and the retention time of AFM1 was found to be
7.637 minutes. It was aimed to measure the AFM1 levels
in milk samples by comparing the chromatograms
obtained from milk samples with the chromatograms
obtained from AFM; standard solutions. AFM1 was not
detected in any of the 22 raw cow’s milk and 20 UHT
cow’s milk samples analyzed. In the analyzed UHT
cow's milk and raw cow's milk samples, some examples
of the chromatograms of AFM; levels that could not be
detected are shown in Figures 5 and 6, respectively.

In this study, the presence of AFM: was determined in
ultra-high temperature (UHT) cow's milk samples
manufactured in the northern part of Cyprus and raw
cow's milk samples collected from several local dairy
farms. AFM1 was not detectable in any of the 22 raw
cow’s milk and 20 UHT cow’s milk samples analyzed.
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According to the Meteorology Department in the
northern part of Cyprus, the average temperature and
the standardized precipitation index (SPI) in September
2020 (when the milk samples were collected) was 28°C,
and between 0.50 and - 0.50 (‘near normal’, which is
between slightly humid and slightly arid), respectively
[42, 43]. It is well known that the optimum water activity,
temperature and relative humidity required for the
aflatoxin formation are 0.99, 33°C and >70%,
respectively [6]. Therefore, the lack of ideal conditions
for aflatoxin formation could explain the undetectable
AFMy levels in milk samples.
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Figure 5. Chromatogram of UHT cow's milk sample which AFM1 level could not be detected.
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Figure 6. Chromatogram of raw cow's milk sample which AFM+ level could not be detected.

In the study conducted by Kutlubay and Sékmen at
Giresun University, AFM1 was not detected in any of the
30 cow milk samples analyzed [28]. Bellio et al. [29]
reported that only eight (0.5%) of a total of 1668 cow
milk samples collected and evaluated in Italy, did not
meet the EU regulation limit for the presence of AFM;.
Piva et al. [30] examined 276 milk samples for the
presence of AFM1 and reported that only 7 had AFM;y
levels of more than 50 ng/L. In any of the 100
pasteurized milk samples produced in Iran, AFM1 levels
did not exceed 50 ng/L, which is the maximum limit for
milk, according to Behfar et al. [31]. In a study
conducted by Cammilleri and his colleagues, AFM;
levels in 170 cow's milk samples collected in Southern
Italy were found to be below the European Commission
regulation 1881/2006 limit [26], [27]. In a study of AFM;
formation in 100 raw milk samples in South Korea, none
of the samples exceeded the Korean legal limit of 0.5
pg/kg for AFM+ [32]. The fact that the AFM1 levels in the
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milk samples analyzed in the above-mentioned studies
did not exceed the legal limits, or only exceeded the
legal limits in a few samples, is consistent with our
findings. The level of AFM: in milk increases in
proportion to the amount of AFB1 in the feeds [33]. In
comparison to the winter months, when animals are fed
more concentrated feed, AFM1 contamination is lower in
the spring and summer, when fresh grass and roughage
are more abundant and pasture feeding is the common
practice [34]. Therefore, various factors such as
geographical, territorial and seasonal differences,
feeding regimes of animals, lactation period from which
milk samples were taken, and different analysis
methods used are among the reasons for the different
findings regarding the prevelance of AFM+ in milk [35].

The HPLC-FLD method's LOD and LOQ values were
found to be 1.038 and 3.145 ug/kg, respectively, which
were much higher than the values determined by other
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researchers [29, 36-40]. On the other hand, the
linearity, repeatability and recovery values of the HPLC
method were compatible with the criteria specified in the
commission regulation [41], proving the reliability and
validity of the method.

CONCLUSION

The AFM;1 levels in any of the 22 raw cow's milk and 20
UHT cow's milk samples analyzed in this study were not
detectable, and the AFM1 level in the milk samples did
not exceed the Turkish Food Codex (TGK) and
European Union (EU) limit values [18, 44].

It is a pleasing situation for both dairy consumers and
producers that the AFM1 levels detected in the analyzed
milk samples did not exceed the regulatory limits. The
findings of the study can be explained by drying the
animal feeds properly after harvest, storing them in
appropriate conditions, and avoiding exposure to high
temperatures and humidity. Although the AFM+1 content
in milk samples produced in the northern part of Cyprus
poses no major risk to public health, the need for larger
research with more milk samples is becoming apparent.
Moreover, an ongoing surveillance program is required
to monitor the risk of aflatoxin contamination throughout
the animal feed supply chain. Apart from all these
considerations, the likelihood of total aflatoxin or
mycotoxin exposure based on consumer dietary habits,
also poses a concern. When all factors are considered,
it has been concluded that good agricultural practices,
good preservation practices, good hygiene practices,
and application of hazard analysis and critical control
points (HACCP) based food safety systems will be
beneficial in preventing aflatoxin exposure in the food
chain.
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