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countries were analysed for Aflatoxin M1 toxin content using the enzyme-linked immunosorbent assay technique.
The results of the research indicate that several countries have exceeded the concentration of 0.05 ug/kg for
Aflatoxin M1, set as the maximum tolerable limit for milk and milk products in many countries. Notable, cheese
samples from Albania exhibited substantially (p=0.000) higher levels of Aflatoxin M1 compared to other nations.
The results showed that the Aflatoxin M1 concentration did not exhibit statistically significant variations based
on the regulated total fat content (p=0.902), carbohydrate content (p=0.741), protein concentration (p=0.298), or
salt content (p=0.122) within the cheese. The results demonstrated that Aflatoxin M1 levels were not significantly
(p=0.926) affected by cheese consistency. While different starter cultures were associated with varying Aflatoxin
M1 concentrations, these differences were not statistically significant (p=0.472). Similarly, ageing time did not
exert a significant (p=0.691) impact on AFM1 levels, as concentrations remained relatively consistent across
different ageing periods. These findings provide valuable insights into the variations in Aflatoxin M1 levels in
cheese samples among different countries. They highlight the importance of regulatory measures and continuous

monitoring to ensure food safety and adherence to maximum allowable limits

Keywords: cheese types; ELISA; Aflatoxin M1 contamination; dairy product safety

INTRODUCTION

Aflatoxins, toxic by-products created predominantly by
the fungi Aspergillus flavus and Aspergillus parasiticus,
are a type of mycotoxin. These toxins frequently contam-
inate food and are especially prevalent in the basic foods
of numerous developing nations. Aflatoxins are generat-
ed through fungal activity at various stages, including
production, harvesting, storage, and processing of food.
The US Food and Drug Administration (FDA) (2022) re-
gards these toxins as unavoidable food contaminants. Of
all the various aflatoxins, Aflatoxin B1 (AFB1), poses a
distinct risk to the dairy industry. When ruminants con-
sume feed contaminated with AFB1, their bodies metab-
olize it, leading to the secretion of aflatoxin M1 (AFM1)
in their milk. Aflatoxins are known to cause liver toxicity,
cancerous effects, and suppression of the immune sys-
tem (Ferrari et al, 2023). As noted by the World Health
Organization (2018) also, AFM1 is associated with liver
and kidney cancers and may potentially compromise the
immune system, weakening its disease-fighting capacity.

These substances can be present in numerous cru-
cial agricultural and food items, predominantly influ-
enced by factors such as product moisture content, wa-
ter activity, relative air humidity, temperature, pH value,
composition of the food matrix, the extent of physical
damage, and the existence of mould spores (Pleadin
et al., 2019). The resilience of AFM1 across various tem-
peratures and pH levels, which enables it to remain sta-
ble through different phases of dairy processing, is very
concerning. Consequently, conventional heat methods
like pasteurization and sterilization are unable to elim-
inate it effectively. Existing and developing physical
techniques, including pulsed electric fields and various
nonthermal processes, along with the use of chemical
substances like acids, enzymes, gases, and absorbents
in livestock management, have proven to be successful
in diminishing the levels of mycotoxins in both feed
and food products (Sipos et al., 2021). Although AFM1 is
less toxic than its precursor AFB1, it is still considered a
potential human liver carcinogen and is categorized as

Group 2B by the International Agency for Research on
Cancer (IARC, 2002).

The European Commission (2006), enforces strict
regulations on AFM1 levels, given its ubiquitous pres-
ence and serious health consequences. Continuous
monitoring and effective control measures are crucial
for managing AFM1 contamination in dairy products, en-
suring food safety and public health, as AFM1 could be
passed from milk into milk products. N. Salari et al. (2020)
conducted a systematic review and meta-analysis to as-
sess the global occurrence of AFM1 in milk. They exam-
ined 122 articles, encompassing a total of 18,921 sam-
ples from January 1988 to February 2020, and found that
79.1% of the milk samples contained AFM1, indicating
a widespread presence of this toxin in milk around the
world. According to a study done by J. Kos et al. (2023),
as the climate conditions in Europe continue to provide
increasingly favourable conditions for the proliferation
of Aspergillus flavus, there is an escalating likelihood of
cereals being exposed to elevated risks of contamination
by highly hazardous aflatoxins in the future.

The transfer of AFM1 from milk to cheese is un-
avoidable, considering that this toxin is not removed
through conventional treatment methods. Neverthe-
less, the concentration of AFM1 in various types of
cheese and other dairy products has been found to vary.
Kosovo, a Balkan region with substantial dairy produc-
tion and consumption, is no exception to this challenge.
Yet, comprehensive, and systematic data on AFM1 con-
tamination in the region is scant. This issue becomes
even more critical considering the local population’s di-
etary habits, with milk and dairy products playing a key
role (FAQ, 2013). As per a study done by A. Camaj et al.
(2018), high percentage of milk samples which were
non-compliant with AFM1 maximum levels. However, a
subsequent study by A. Camaj et al. (2023) concluded
that the prevalence of AFM1 contamination of raw milk
in Peja, Kosovo, was lower than previously reported. All
samples complied with European Union regulations for

Scientific Horizons, 2024, Vol. 27, No. 2

79



80

Evaluation of aflatoxin M1 and nutritional content in Kosovo's market cheese samples

AFM1, indicating increased farmer awareness regard-
ing feed storage and regular AFM1 monitoring. How-
ever, the study emphasized the need for regular insti-
tutional monitoring of imported UHT milk samples. Yet,
published data on AFM1 levels in cheese consumed
in Kosovo, particularly those imported, is lacking. This
study is crucial as a variety of foreign cheese types are
available in Kosovo's markets.

Accordingly, this study aimed to assess the presence
and distribution of AFM1 in various cheese types avail-
able in Kosovo's markets during 2022, including both
locally produced and imported cheeses, and to assess if
there is a correlation between cheese types, processing
conditions, and nutritional parameters, to the aflatoxin
M1 level in cheese. This study is the first article of this
context done in Kosovo.

MATERIALS AND METHODS

Sample Collection. In the latter half of 2022, a total of
93 different types of manufactured cheese samples
were procured from the largest food suppliers across
Kosovo for the analysis of the AFM1 toxin content. The
chemical analysis of the toxin AFM1 was conducted in
the laboratories of the Food and Veterinary Agency of
Kosovo.Additionally, other parameters like, the cheese’s
nutritional parameters including fat total (g/100g), car-
bohydrates total (g/100g), protein (g/100g), and salt
(9/100q); parameters such as, consistency (hard, semi-
hard, semi-soft, semi-soft creamy, soft, and soft-creamy);
starter cultures (bacterial cultures, bacterial-rennet, bac-
terial-rennet-fungal, rennet, bacterial-rennet-processed,
rennet-processed); and ageing time (none, 1-3 months,
4-6 months, 7-12 months, <13 months) are considered
for the comparative analysis. These data were gathered
from the producers’ declarations on labels as well as
internet sources. These samples originated from fifteen
distinct countries, including: Kosovo (6 samples), North
Macedonia (6), Albania (3), Slovenia (3), Greece (5), Italy
(27), Germany (7), France (5), Croatia (5), Netherlands
(3), Turkey (3), Hungary (5), Lithuania (3), Austria (9), and
Denmark (3). To ensure optimal preservation and accu-
rate analysis, these samples were stored in deep freeze
conditions at-18°C. They were then brought up to room
temperature prior to the execution of the analyses.
Laboratory analyses. The procedure for quantitatively
analysing AFM1 in the cheese samples was carried out
using the enzyme-linked immunosorbent assay (ELISA)
technique. The assessment of AFM1 was conducted uti-
lizing the MEIZHENG Bio-Tech Co. Aflatoxin M1 ELISA
Test Kit, strictly adhering to the protocol provided by the
manufacturer,briefly outlined below.Each testing reagent

Kit offered a certificate with the validation results. All
the samples were brought to room temperature before
analysis. The dilution factor was 9.For testing, 1 g of each
sample and 4 mL of methanol were mixed into a centri-
fuge tube and put to vortex to mix well. Then the mixture
was put into the centrifuge at 4000 rpm for 5 minutes.
From the mixture, 1 mL of the supernatant was trans-
ferred into a centrifuge tube and blow dry under 50-60°C
Termovap Sample Concentrator. In each tube was added
1 mL of Sample Diluting Buffer Il and vortexed to mix
well.For the assay was taken 50 pL of the sample dilution.

The Aflatoxin M1 ELISA Test Kit operates on the
principle of an indirect competitive enzyme-labelled im-
munoassay. The Aflatoxin M1 antigen is pre-embedded
in the wells. Within the sample, the aflatoxin M1 vies
for binding with the aflatoxin M1 antibody against the
aflatoxin M1 antigen already present on the well. Mean-
while, the M1 antibody associates with the enzyme con-
jugate. Subsequently, the substrate solution is added to
the wells, which prompts a colour change. The colour
intensity of the unknown samples is compared to that
of the standards, enabling the determination of Aflatoxin
M1 concentration. Using a plate reader set to 450 nm,
absorbance values were recorded. The AFM1 level was
then calculated from a logarithmic standard curve, and
the mean value of the duplicates was recorded as results.

Based on the information provided in the manu-
facturer’s certificate, the sensitivity was 0.015 pg/kg,
equivalent to the Kit's Limit of Detection (LOD) for raw
milk determination. This implies that the Kit might de-
tect aflatoxin M1 at concentrations even lower than the
LOD. Typically, sensitivity aligns with the concentration
of the second standard (Table 1). The percent recovery
was within the range of 100%+30%, and the intra-lab
assay precision was denoted with a Coefficient of Var-
iation (CV%) less than 10%. In this study, it’s crucial to
note that the kit's LOD for cheese determination was
0.06 pg/kg, which is slightly above the maximum per-
missible limit of aflatoxin M1 in cheese as adapted by
regulatory standards in Kosovo. (0.05 ug/kg). The ob-
servations included results that fell below the Kit’s
stated LOD. This suggests that some cheese samples
contained extremely low, or potentially even undetect-
able, levels of aflatoxin M1.

Aflatoxin M1 ELISA Test Kit standard summary. The
ELISAtestkitvalidation certificate of analysis bythe man-
ufacturer provides reference points for comparing the
results obtained from samples tested with the Aflatoxin
M1 ELISA Test Kit. Table 1 shows the absorbance values
A450, B/BO ratios, and CV% values for different concen-
trations of Aflatoxin M1 standards used in the validation.

Table 1. Aflatoxin M1 ELISA test Kit validation results

Aflatoxin M; (ng/kg) Asso B/Bo V%
Negative control
0 1.836 100.0 2.1
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Table 1. Continued

15 1.410 76.2 4.2
45 0.901 49.1 3.7
150 0.356 194 0.4
500 0.090 49 3.1

Notes: A;so =Average absorbance using 450 nm primary filter and 630 nm differential filter

Source: developed by the authors

CV% (Coefficient of Variation) is calculated as:
CV=(SD/p) x 100%, 1)

where SD is the standard deviation of the replicates
(two replicates for each concentration of the standard),
and p is the average of replicates.

Statistical analysis. Statistical analyses were con-
ducted using the Statistical Package for the Social
Sciences (SPSS). The data were categorized into fifteen
groups based on the origin of the cheese. The AFM1
content was reported as mean values with standard
deviation (SD), median, minimum, and maximum con-
centration.To determine if there were significant differ-
ences between groups, statistical tests were employed.
To explore variations in AFM1 levels between different
groups, the dataset was categorized based on the con-
centration of AFM1. These classifications were estab-
lished according to their adherence to a designated
threshold value falling within the range of >0.050 and
<0.051 pg/kg. For comparisons between two groups, an

Independent Sample t test was employed to assess dif-
ferences in AFM1 levels within this defined range. One-
way Analysis of Variance (ANOVA) was used to assess
the influence of AFM1 levels on the consistency, starter
cultures, and ageing time of different types of cheeses.
The grouping of cheese samples into three or more cat-
egories was based on relevant factors such as cheese
variety, production methods, and geographical origin. A
significance level of p<0.05 was used for the test.

RESULTS AND DISCUSSION

Comparative analysis of cheese production among coun-
tries. In relation to the presence of Aflatoxin M1 in a
total of 93 cheese samples, the outcomes (Table 2) re-
vealed noteworthy findings. The mean concentration of
Aflatoxin M1 detected in Italian cheese samples was
recorded as 0.061%0.072 pg/kg, with the range span-
ning from 0.01 to 0.34 pg/kg. Out of these samples,
4 (14.81%) exceeded the LOD (Limit of Detection) and
12 (44.4%) exceeded the maximum level of 0.05 ug/kg.

Table 2. Overview of cheese sample characteristics: a general analysis

No. (%) of
Origin of % of total xto Median Min Max Ns:.n(ﬁl)egf excseaenc}?r:gsthe
Cheese samples Hg/kg Hg/kg Hg/kg exceeding LOD**  maximum level
of 0.05 pg/kg”
Italy 27 29.0% 0.061+0.072 0.048 0.01 0.34 4(14.81%) 12(44.4%)
France 5 5.4% 0.191+0.334 0.334 0.02 0.79 2(40%) 2(40%)
Croatia 5 5.4% 0.036%0.016 0.016 0.02 0.06 0(0%) 1(20%)
Netherlands 3 3.2% 0.066%0.011 0.011 0.06 0.08 1(33.33%) 3(100%)
Germany 7 7.5% 0.063%0.022 0.022 0.03 0.09 4(57.14%) 4(57.14%)
Slovenia 3 3.2% 0.023+0.020 0.020 0.00 0.04 0(0%) 0(0%)
Turkey 3 3.2% 0.056%0.005 0.005 0.05 0.06 0(0%) 2(66.66%)
Greece 5 5.4% 0.152%0.195 0.195 0.04 0.50 2(40%) 3(60%)
Albania 3 3.2% 0.597%0.342 0.342 0.20 0.83 3(100%) 3(100%)
Ma'\clg;tohma 6 6.5% 0.072%0.036 0.036 0.04 0.12 3(50%) 5(83.33%)
Hungary 5 5.4% 0.048%0.024 0.024 0.01 0.08 1(20%) 2(40%)
Lithuania 3 3.2% 0.046%0.005 0.005 0.04 0.05 0(0%) 0(0%)
Austria 9 9.7% 0.056%0.045 0.045 0.02 0.16 2(22.22%) 4(44.44%)
Denmark 3 3.2% 0.030+0.016 0.016 0.01 0.04 0(0%) 0(0%)
Kosovo 6 6.5% 0.062%0.007 0.007 0.06 0.07 2(33.33%) 6(100%)
Pulled 93 100% 0.086%0.145 0.145 0.00 0.83 24 47(50.53%)

Notes: *Kosovo regulation; **LOD - Limit of detection (0.06 ug/kg)

Source: developed by the authors
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Conversely, in the case of French cheese samples,
the mean Aflatoxin M1 concentration was determined
to be 0.191%£0.334 pg/kg, and the range of detected val-
ues varied from minimum 0.02 to 0.79 pg/kg. Accord-
ing to the study, 2 (40%) of the French cheese sam-
ples tested exceeded the LOD for AFM1 and 2 (4%)
exceeded the maximum level of 0.05 pg/kg. Croatian
cheese samples exhibited a mean Aflatoxin M1 concen-
tration of 0.036%0.016 pg/kg, with the range observed
between 0.02 and 0.06 for the entire sample set. Out
of the samples tested, none of the samples exceeded
the LOD while, 1 (20%) surpassed the maximum level
of 0.05 ug/kg. In the case of Netherlands cheese sam-
ples, the mean concentration of AFM1 was found to be
0.066%0.011 pg/kg, with a range of 0.06 to 0.08 pg/kg
for the entire sample set. Conversely, for Netherlands
cheese samples, 1 (33.33%) exceeded the LOD and
3 (100%) exceeded the maximum level of 0.05 pg/kg.
Additionally, Dutch cheese samples exhibited a mean
Aflatoxin M1 concentration of 0.063+0.022 pg/kg, with
the range falling between 0.03 and 0.09 pg/kg. Out
of all the samples, 4 (57.14%) exceeded the LOD of
AFM1 and 4 (57.14%) exceeded the maximum Llevel
of 0.05 pg/kg. In the context of additional countries,
Slovenia exhibited Aflatoxin M1 concentrations with
a mean value of 0.023%+0.020 ug/kg. The range of ob-
served values spanned from 0.00 to 0.04 ug/kg. Notably,
none of the samples tested exceeded the LOD and the
maximum level of 0.05 pg/kg. These findings suggest
that the levels of AFM1 in Slovenian cheese samples
are within acceptable Llimits.

Turkish cheese samples had a mean Aflatoxin
M1 concentration of 0.056+0.005 ug/kg, with the
lowest recorded content being 0.05 and the highest
0.06 pg/kg, based on the results (Table 2) none of the
samples tested exceeded the LOD, while 2 (66.66%)
surpassed the maximum level of 0.05 pg/kg. On the
other hand, Greek cheese samples displayed a mean
Aflatoxin M1 content of 0.152%0.195 ug/kg, with the
range varying from 0.04 to 0.50 ug/kg. Out of all the
samples, 2 (40%) exceeded the LOD and 3 (60%) ex-
ceeded the maximum level of 0.05 pg/kg. For Albanian
cheese samples, the mean Aflatoxin M1 concentration
was determined as 0.597+0.342 ug/kg, and the recorded
minimum and maximum values spanned from 0.20 to
0.83 ug/kg. Notably, all the samples tested 3 (100%) ex-
ceeded the Limit of Detection and the maximum level
of 0.05 pg/kg. These findings reveal that the levels of
AFM1 in Albanian, Greece, and France cheese samples
analysed notably exceed acceptable limits.

In relation to cheese samples from North Macedonia,
the analysis revealed a mean Aflatoxin M1 content of
0.072%0.036 ug/kg, with a range spanning from 0.04 to
0.12 pg/kg, from the total sample tested 3 (50%) exceed-
ed the LOD,whereas 5 (83.33%) exceeded the maximum
level of 0.05 pg/kg. Hungarian cheese samples exhibit-
ed a mean Aflatoxin M1 content of 0.048+0.024 pg/kg,

Scientific Horizons, 2024, Vol. 27, No. 2

characterized by a minimum content of 0.01 and a
maximum content of 0.08 ug/kg, while 1 (20%) of the
sample tested exceeded the Limit of Detection, while 2
(40%) surpassed the maximum level of 0.05 pg/kg for
AFM1. In contrast, Lithuanian cheese samples displayed
a mean Aflatoxin M1 content of 0.046+0.005 pg/kg, with
the detected values ranging from 0.04 to 0.05 pg/kg.
The results of the study indicated that none of the sam-
ples tested exceeded the Limit of Detection (LOD) and
exceeded the maximum level of 0.05 pg/kg. However,
Austrian cheese samples indicated a mean Aflatoxin M1
content of 0.056%0.045 pg/kg, and the minimum and
maximum values observed were 0.02 and 0.16 pg/kg,
respectively. Results showed that 2 (22.22%) exceeded
the LOD, whereas 4 (44.44%) exceeded the maximum
level of 0.05 pg/kg. In terms of Danish cheese samples,
the mean Aflatoxin M1 content was determined to be
0.030+0.016 pg/kg, while the range of detected val-
ues varied from 0.01 to 0.04 ug/kg. The results showed
that none of the samples tested exceeded the Limit of
Detection (LOD) and exceeded the maximum level of
0.05 pg/kg. Lastly, the analysis of Kosovo cheese sam-
ples demonstrated a mean Aflatoxin M1 content of
0.062%+0.007 pg/kg, with the range of observed values
falling between 0.06 and 0.07 ug/kg. Resulting that 2
(33.33%) of the Kosovar cheese samples tested exceed-
ed the Limit of Detection (LOD) for AFM1.

The homogeneity of variances was tested using
Levene’s test, which revealed a statistically signifi-
cant result (Levene Statistic=6.677, dfl=14, df2=78,
p=0.000). This indicates that the variances of the de-
pendent variable differed significantly across the
groups.The current study aimed to investigate the varia-
tions in average levels of Aflatoxin M1 (AFM1) in cheese
across fifteen countries included in the study. There is
a significant difference between groups as determined
by one-way ANOVA (F (14.78)=5.26, p=0.000). A Tukey
post hoc test, One Way Anova, revealed that the cheese
with Albania origin content is statistically significant-
ly higher level of AFM1 (0.59£0.34) compared to other
countries as Italy (0.061+0.072), France (0.191+0.334),
Croatia (0.036%0.016), Netherlands (0.066%£0.011),
Germany (0.063+0.022), Slovenia (0.023£0.020), Turkey
(0.056%0.005), Greece (0.152+0.195), North Macedonia
(0.072£0.036),Hungary(0.048+0.024),Lithuania (0.046*
*0.005), Austria (0.056%0.045), Denmark (0.030+0.016),
and Kosovo (0.062+0.007).

However, no significant differences (p>0.05) were
observed among the remaining countries, indicating
comparable levels of AFM1 in cheese samples from
Italy, France, Croatia, Netherlands, Germany, Slove-
nia, Turkey, Greece, North Macedonia, Hungary, Lithu-
ania, Austria, Denmark, and Kosovo. The mean levels
of Aflatoxin M1 (AFM1) in cheese samples collected
from countries compliant with the maximum allow-
able limit set by the European Commission (2006)
(0.05) were as follows: Slovenia (0.023+0.020),




Denmark (0.030%+0.016), Croatia (0.036%0.016), Lith-
uania (0.046%0.005), and Hungary (0.048+0.024) as
illustrated in Figure 1. The results of the research in-
dicate that most of the countries have exceeded the
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permitted Llimit (0.05 pg/kg) of AFM1 in cheese prod-
ucts. These countries include Albania, France, Greece,
North Macedonia, The Netherlands, Germany, Kosovo,
Italy, Austria, and Turkey.
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Figure 1. Mean AFM1 concentration in cheese samples from different countries

Source: developed by the authors

In relation to the Balkans, there are numerous
studies that document the presence of AFM1 in dairy
products. A research project, conducted by G. Ilievska
et al. (2022), studied 974 dairy samples from North
Macedonia’s markets. The samples included 404 ul-
tra-high temperature (UHT) milk, 291 ice cream, 178
yogurts, and 101 cheese, all of which were scrutinized
for Aflatoxin M1 contamination. The study found that
AFM1 concentrations averaged 49.1£68.4, 30.9+30.0,
35.1£40.4, and 40.1+¥90.1 ng/kg for UHT milk, ice
cream, yogurt, and cheese samples, respectively. On
a similar note, a separate study in Albania by D. Topi
et al. (2022), examined 1,200 milk samples from
various Albanian regions over a span of two years.
Their findings indicated that 82.3% of the samples
contained AFM1, with an average concentration of
0.051 pg/kg. Moreover, they found that 10.8% of the
milk samples exceeded the European Union’s maxi-
mum permissible limit of 0.05 ug/kg for AFM1. These
findings underscore the widespread nature of AFM1
contamination in the region and the need for rigor-
ous monitoring and control measures. A global system-
atic review and meta-analysis by T. Mahmudiono et al.
(2023) which included thirty-one scientific papers
with 34 data reports (Sample size=2,277) in their study,
concluded that the lowest and highest prevalence of
AFM1 in cheese was related to El Salvador (12.18%)
and Serbia (100.00%). The pooled prevalence of AFM1

was 49.85%,95% Cl (37.93-61.78%). In our study, there
were not analysed the cheese samples originated
from Serbia. Cheese produced in Serbia, because of
the political issues, it is not common in Kosovo's mar-
kets even though it is a neighbouring country.

Comparative Analysis: Examining AFM1 Levels in
Cheese Alongside Nutritional Parameter. The following
Table 3 presents a comprehensive overview of vari-
ous nutritional parameters intrinsic to cheese. These
parameters include total fat content, complete carbo-
hydrate composition, protein constitution, and sodium
chloride content. The empirical findings evince that,
with regard to the aggregate fat content, the mean at-
tains a value of 24.10 g per 100 g. Notably, the lower
and upper bounds of this continuum manifest at 1.50 g
per 100 g and 35 g per 100 g, respectively. Conversely,
in relation to the composite carbohydrate content en-
compassing the entire cheese sample set, the mean
is ascertained at 1.89 g per 100 g. The minimum and
maximum values are reported 1.00 g per 100 g and
12.50 g per 100 g. Pertaining to the protein profile of
cheese, the total mean registers at 19.87 g per 100 g,
accompanied by an amplitude stretching from 1.50 g
per 100 g to 37 g per 100 g.The ultimate nutritional pa-
rameter, namely sodium chloride content, is reported at
2.11 g per 100 g, characterized by a range from 0.50 g
per 100 g to 5.60 g per 100 g in terms of minimum and
maximum values, respectively.
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Table 3. The characteristics of various nutritional parameters of cheese

Nutritional parameters MeanzSD Min Max
Fat-total (g/100g) 24.10%6.17 1.50 35
Carbohydrates-total(g/100g) 1.89+2.45 1.00 12.50
Protein (g/100g) 19.87%7.46 1.50 37
Salt(g/100g) 2.11£93 0.50 5.60
Other parameters Subcategory N (Percentage)
Hard 9(9.9%)
. Semi hard 24(26.4%)
Consistency Semi soft; semi soft creamy 4(4.4%)
soft; soft-creamy 54(59.3%)

Bacterial cultures
Bacterial-rennet

11(12.5%)
38(43.2%)

Bacterial-rennet-fungal 6(6.8%)
Starter cultures Rennet 17(19.3%)
Bacterial-rennet-processed 4(4.5%)
Rennet-processed 12(13.6%)
None 35(40.2%)
1-3 months 34(39.1%)
Ageing time 4-6 months 4(4.6%)
6-12 months 11(12.6%)
>13 months 3(3.4%)

Source: developed by the authors

Table 3 presents a range of descriptive data re-
garding the complete collection of cheese samples,
concerning diverse factors like texture, starter cultures,
and cheese maturation duration. Drawing from the
outcomes of the entire cheese sample pool, if was
identified 9 samples as hard (constituting 9.9%), 24 as
semi-hard (accounting for 26.4%), 4 as semi-soft/semi-
soft creamy (equivalent to 4.4%), and 54 as soft/soft-
creamy (comprising 59.3%) cheeses. Among the starter
cultures analysed in the total sample size, the distribu-
tion was as follows: 11 samples (12.5%) were identified
as bacterial cultures, 38 samples (43.2%) were cate-
gorized as bacterial-rennet cultures, 6 samples (6.8%)
were classified as bacterial-rennet-fungal cultures,
17 samples (19.3%) were attributed to rennet cultures,

4 samples (4.5%) were characterized as bacterial-ren-
net-processed cultures, and 12 samples (13.6%) were
associated with rennet-processed cultures. Regarding
the duration of ageing, out of the total sample of 93,
40.2% (n=35) were categorized as “none.” In the 1-3
months range, there were 34 samples, accounting for
39.1% of the total. The 4-6 months bracket had 4 sam-
ples, representing 4.6% of the group. For the 6-12
months category, there were 11 samples, making up
12.6%. Additionally, 3 samples (3.4%) were recorded
as having an ageing duration of more than 13 months.
To assess the potential differences of the examined
nutritional parameters on the levels of Aflatoxin M1
(AFM1) in cheese, an Independent Sample T-test was
employed (Table 4).

Table 4. Comparison of nutritional parameters in different concentrations of Aflatoxin M1 in cheese samples

AFM1 concentration >0.050 pg/kg

AFM1 concentration

<0.051 pg/kg Mean Difference  t-value  Sig.

Nutritional parameters Mean Mean
Fat total 24.90 24.75 0.151 0.124  0.902
Carbohydrates 2.14 1.95 0.19 0.331  0.741
Protein 21.65 19.92 1.72 1.04 0.298
Salt 1.90 2.26 -0.35 -1.56  0.122

Source: developed by the authors

The ensuing Table 3 presents the outcomes of a
thorough comparative analysis pertaining to the con-
centrations of AFM1 indiscrete classifications of cheese
samples. These classifications are established accord-
ing to their adherence to a designated threshold value
falling within the range of >0.050 and <0.051 pg/kg.In
relation to the concentration of AFM1 concerning the
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total fat content, the average concentration observed
in cheese samples surpassing the specified threshold
of 0.050 ug/kg is measured at 24.90 pg/kg. In contrast,
samples that fall below the threshold exhibit a slight-
ly lower average concentration of 24.75 pg/kg. Con-
sequently, the results collectively suggest an absence
of statistically significant (p=0.902) differentiation in




AFM1 concentration based on the regulated total fat
content within the cheese. In the case of AFM1 con-
centration of carbohydrate content, the mean concen-
tration variated from 2.14 pg/kg in cheese samples to
the predefined threshold, while a slightly diminished
mean of 1.95 pg/kg characterizes samples situated
below the threshold. The results show no significant
differences (p=0.175) between the two groups in
the concentration of carbohydrate content. In terms
of protein, the mean concentration is 21.65 pg/kg in
samples exceeding the predefined threshold, while a
slightly diminished mean of 19.92 ug/kg characterizes
samples situated below the threshold. The findings
revealed no statistically significant (p=0.298) differ-
ences across AFM1 level for protein concentration.
Turning attention to AFM1 concentration with respect
to salt content, samples surpassing the established
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threshold exhibit a mean concentration of 1.90 pg/kg,
whereas their sub-threshold counterparts display a
marginally higher mean concentration of 2.26 pg/kg.
The results indicate an absence of statistically sig-
nificant (p=0.122) divergence in AFM1 concentration,
predicated upon the regulated salt content within the
cheese.

The current investigation utilized a One-way
ANOVA to aspects compare the consistency, starter cul-
tures and ageing time of cheese in the levels of AFM1
in different types of cheeses. The results represented
in Table 5 indicate that there was no statistically sig-
nificant (p=0.926) difference in the average levels of
AFM1 across consistency for hard (0.077£0.10 pg/kg),
semi-hard (0.078+0.14 ug/kg), semi-soft, semi-soft
cream (0.061+0.019 pg/kg), soft, and soft-creamy
(0.095%0.159 ug/kg) cheese.

Table 5. Comparison of consistency, starter culture and ageing time parameters in Aflatoxin M1 concentration
in Cheese Samples

Variables Level of AFM1
Consistency Mean=SD
Hard 0.077%0.11° 0.02-0.34
Semi hard 0.078+0.15° 0.01-0.76
Semi soft; semi soft creamy 0.061%0.019¢ 0.04-0.08
Soft; soft-creamy 0.095+0.163¢ 0.00-0.83
Starter cultures
Bacterial cultures 0.15%0.24° 0.04-0.83
Bacterial-rennet 0.10%0.16° 0.01-0.79
Bacterial-rennet-fungal 0.16%0.17¢ 0.06-0.50
Rennet 0.04%0.02¢ 0.01-0.08
Bacterial-rennet-processed 0.06%0.01¢ 0.06-0.08
Rennet-processed 0.05%0.03f 0.02-0.16
Ageing time
None 0.09£0.15° 0.00-0.83
1-3 months 0.10£0.17° 0.01-0.79
4-6 months 0.01+0.00¢ 0.01-0.02
7-12 months 0.04%0.01¢ 0.02-0.08
<13 months 0.06+0.00° 0.06-0.07

Notes: means with same superscript letters differ significantly at p<0.05. *Minimum and maximum levels of AFM1 in

cheeses.SD, standard deviation
Source: developed by the authors

According to the results represented in Table 5, the
mean AFM1 concentration was highest in cheeses made
with bacterial-rennet-fungal cultures (0.16 pg/kg), bac-
terial cultures (0.15 ug/kg), followed by those made
with bacterial-rennet cultures (0.10 pg/kg), bacte-
rial-rennet-processed cultures (0.06 pg/kg), rennet
cultures (0.05 pg/kg), and rennet (0.04 ug/kg). The re-
sults also indicate that there were no statistically sig-
nificant (p=0.472) differences in mean AFM1 concen-
tration between the starter culture types. According to

the results, the mean AFM1 concentration was highest
in cheeses aged for 1-3 months (0.10 ug/kg), followed
by those aged for less than 1 month (0.09 ug/kg), those
aged for more than 13 months (0.06 pg/kg), those aged
for 7-12 months (0.04 ug/kg), and those aged for 4-6
months (0.01 pg/kg). The results also indicate that there
were no statistically significant (p=0.691) differences in
mean AFM1 concentration between in the ageing time
categories of cheese. These findings suggest the con-
sistency, starter cultures, and ageing time of cheese do
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not have a significant impact on the levels of AFM1
present within it. These parameters are all important
in determining the final characteristics of cheese and
can be carefully controlled to produce cheeses with
specific qualities.

Compared to other articles published in the last
five years, some studies have identified a relation-
ship between aflatoxin M1, nutritional parameters,
and the manufacturing process of cheese. A study by
D. Costamagna et al. (2019), concluded that the con-
centration levels of AFM1 increased both in curd and in
long maturing cheese, suggesting that AFM1 concentra-
tion in milk could be a good predictor of its fate in milk
products.A.Zinedine et al. (2021) and A.Vaz et al. (2022)
studied the distribution of AFM1 during the production
of two different cheeses, where the amount of the toxin
was monitored on a wet and a dry basis. On the wet
basis, there was a continuous increase in concentration.
The same study on a dry basis concluded that under the
tested conditions, there is no degradation of the toxin,
and the concentration increase observed previously
was in fact due to the loss of humidity. Current study
results imply that the levels of AFM1 in cheese are not
notably affected by factors such as consistency, starter
cultures, and ageing time.

A study by G. Chavarria et al. (2017),aimed to inves-
tigate the distribution and fate of AFM1 in fresh cheese
and whey throughout cheese manufacturing and stor-
age. The research aimed to understand the interaction
of this toxin with various proteins in milk, cheese, and
whey. The findings revealed that during the production
of fresh cheese, up to 70% of AFM1 levels present in
milk spiked with 0.5 and 1.5 pg/L were released into
whey. Additionally, a significant reduction in AFM1
concentration was observed during ripening, showing
an inverse correlation with lactic acid bacteria plate
counts and a direct correlation with the whey-draining
process that occurs during the maturation or storage of
fresh cheese. A study done by E. Sarmast et al. (2021),
found that cheese production increased aflatoxin M1
(AFM1) levels by 77.2% (P<0.001) compared to milk.
The order of increased AFM1 levels in cheese was hard
(168%) > semi-hard (68.7%) >soft (60.6%). Cheese from
milk without a starter culture had a higher increase
than that with a starter culture. Overalls, there was a
significant reduction in AFM1 levels after ripening/stor-
age (-11%, P=0.007), particularly in cheese from milk
with a starter culture (-21.1%, P=0.009). In our study, in
contrast, the findings suggest that the ageing time of
cheese does not have a significant impact on the lev-
els of AFM1 present within it. Also, the findings of this
study revealed no statistically significant (p=0.298)
differences across AFM1 level for protein concentra-
tion. The results of this study also indicate that there
were no statistically significant (p=0.472) differences
in mean AFM1 concentration between the starter
culture types.
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In a recent study done by S. Sabatelli et al. (2023)
in Italy, which aimed to define the enrichment factor
(EFs) of cheese with different moisture content on a fat-
free basis (MFFB). The milk used for cheesemaking was
naturally contaminated with different AFM1 concentra-
tions. This research found that the Enrichment Factor
(EF) values for soft and semisoft cheeses were half of
the suggested EFs established by the Italian Ministry
of Health in 2019. They propose that a comprehensive
examination of EF should also consider technological
aspects and quality parameters that may influence EF
variability. This approach could assist regulatory bod-
ies in establishing an appropriate legal limit, whether
based on EFs or concentration values, to protect public
health and the diverse range of Italian cheese produc-
tions. European Commission (2006) emphasizes the sig-
nificance of determining the enrichment factor (EF), a
crucial parameter that needs to be specified for assess-
ing the permissible level of the toxin in cheese. This
is essential to guarantee that cheese is derived from
milk that adheres to the regulatory standards. Similarly,
I. Pecorelli et al. (2020) suggest that the grouping of
cheeses into two wide categories (hard and soft chees-
es), based on MFFB, and the consequent attribution of
the suggested EF, may not be accurate because the ex-
perimental evidence shows that soft and semi-soft, as
well as semi-hard and very hard cheese categories, may
present different results addressing for different cat-
egorization. In Kosovo, there is a lack of institutional
similar data. The data found in this study could be a
significant aid in determining the Enrichment Factors
(EF) for cheese, taking into consideration the factors
suggested by the above-cited work.

CONCLUSIONS

The findings revealed considerable variations in AFM1
contamination levels among different countries. Nota-
bly, current research found that there were cheese sam-
ples from some countries that exceeded the concentra-
tion of 0.05 ug/kg for AFM1, like, Albania, France, Greece,
North Macedonia, The Netherlands, Germany, Kosovo,
Italy, Austria, and Turkey. This highlights the importance
of continuous monitoring and stringent quality control
measures to ensure the safety of cheese products for
consumers. The countries with the mean levels of Afla-
toxin M1 (AFM1) in cheese samples compliant with the
level of 0.05 ug/kg were as follows: Slovenia, Denmark,
Croatia, Lithuania, and Hungary. The occurrence of
AFM1 in cheese samples was notable, with 47 out of
the total 93 different cheese samples (50.53%) exhib-
iting concentrations higher than 0.05 pg/kg for AFM1.
To evaluate potential variations in Aflatoxin M1
(AFM1) levels in cheese associated with examined
nutritional parameters, an Independent Sample T-test
was applied. The collective results indicate the absence
of statistically significant differentiation (p=0.902) in
AFM1 concentration based on the regulated total fat




content in the cheese. Similarly, no significant differ-
ences (p=0.175) were observed in AFM1 concentration
between two groups regarding carbohydrate content.
The findings further reveal no statistically significant
differences (p=0.298) in AFM1 levels concerning pro-
tein concentration. Moreover, there is no significant
divergence (p=0.122) in AFM1 concentration based
on the regulated salt content in the cheese. In assess-
ing the consistency, starter cultures, and ageing time
of various cheese types in relation to AFM1 levels, a
One-way ANOVA was employed. The results, indicate no
statistically significant difference (p=0.926) in average
AFM1 levels across different consistencies, including
hard (0.077%0.10 ug/kg), semi-hard (0.078+0.14 ug/kg),
semi-soft, semi-soft cream (0.061£0.019 ug/kg), soft,
and soft-creamy (0.095+0.159 pg/kg) cheese. Examin-
ing the mean AFM1 concentration in cheeses produced
with bacterial-rennet-fungal cultures, the results show
the highest level at 0.16 pg/kg. However, no statisti-
cally significant differences (p=0.472) were observed
between different starter culture types. Similarly, no
significant differences (p=0.691) were found in mean
AFM1 concentration across various ageing time cate-
gories of cheese, with the highest mean concentration
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observed in cheeses aged for 1-3 months at 0.10 pg/kg.
Overall, these findings collectively suggest that the
consistency, starter cultures, and ageing time of cheese
do not exert a significant impact on the levels of AFM1
present within it.

Overall, this study underscores the need for ongoing
efforts to address and mitigate AFM1 contamination in
cheese production. Stringent monitoring, adherence to
quality standards, and continuous research into effec-
tive control measures are crucial to ensure the safety
and quality of cheese products consumed worldwide.As
the findings have shown, a collaborative approach be-
tween regulatory bodies, producers, and researchers is
essential to safeguarding public health and maintain-
ing consumer confidence in cheese products.

ACKNOWLEDGEMENTS

The authors acknowledge the University “Haxhi Zeka”in
Peja, Kosovo, for funding the research, and the Food and
Veterinary Agency of Kosovo for hosting the laboratory
work.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

87

REFERENCES

[1] Camaj,A.,Hoxha, ., Dibrani Sopjani, H., Brahimaj, T., Hasanaj, N., & Shala, N. (2023). Aflatoxin M1 level in raw milk
and UHT milk consumed in Kosovo during 2021-2022. Journal of Hygienic Engineering and Design, 42,96-99.

[2] Camaj, A., Meyer, K., Berisha, B., Arbneshi, T., & Haziri, A. (2018). Aflatoxin M1 contamination of raw cow’s milk
in five regions of Kosovo during 2016. Mycotoxin Research, 34, 205-209. doi: 10.1007/s12550-018-0315-4.

[3] Chavarria, G.,Molina,A., Leiva,A., Méndez, G., Wong-Gonzalez, E., Cortés-Munoz, M., Rodriguez, C., & Granados-
Chinchilla, F. (2017). Distribution, stability, and protein interactions of Aflatoxin M1 in fresh cheese. Food
Control, 73(B), 581-586.doi: 10.1016/j.foodcont.2016.09.005.

[4] Costamagna, D., Gaggiotti, M., Chiericatti, C.A., Costabel, L., Audero, G.M.L., Taverna, M., & Signorini, M.L.
(2019). Quantification of aflatoxin M1 carry-over rate from feed to soft cheese. Toxicology Reports, 6,782-787.
doi: 10.1016/j.toxrep.2019.07.004.

[5] European Commission (2006). Retrieved from https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=celex%-
3A32006R1881.

[6] FAO.(2013).Milk and dairy products in human nutrition. Retrieved from https://www.fao.org/3/i3396e/i3396e.pdf.

[7] Ferrari, L., Rizzi, N., Grandi, E., Clerici, E., Tirloni, E., Stella, S., Bernardi, C.E.M., & Pinotti, L. (2023). Compliance
between food and feed safety: Eight-year survey (2013-2021) of aflatoxin M1 in raw milk and aflatoxin B1 in
feed in Northern Italy. Toxins, 15(3), article number 168. doi: 10.3390/toxins15030168.

[8] TARCmonographs onthe evaluation of carcinogenicrisks to humans.(2002).Retrieved from https://publications.
iarc.fr/ publications/media/download/2619/a2f6a97162d2de3d55d36b3d51b3ef86fbf620c6.pdf.

[9] Ilievska, G., Stojanovska-Dimzoska, B., Koceva, D., Stojkovic, G., Angeeska, A., & Dimitrieska-Stojkovic, E. (2022).
Dietary exposure and health risk assessment of aflatoxin M1 in dairy products consumed by population in
North Macedonia. Journal of Food Quality and Hazards Control,9, 142-152. doi: 10.18502/jfghc.9.1.9686.

[10] Kos, J., Ani¢, M., Radi¢, B., Zadravec, M., Jani¢ Hajnal, E., & Pleadin, J. (2023). Climate changes - a global threat
resulting in increasing mycotoxin occurrence. Foods, 12(14),article number 2704.doi: 10.3390/foods12142704.

[11] Mahmudiono, T., Mazaheri, Y., Sadighara, P., Akbarlou, Z., Hoseinvandtabar, S., & Fakhri, Y. (2023). Prevalence
and concentration of aflatoxin M1 and ochratoxin A in cheese: A global systematic review and meta-analysis
and probabilistic risk assessment. Reviews on Environmental Health. doi: 10.1515/reveh-2023-0069.

[12] Pecorelli, I., Branciari,R., Roila, R.,Ranucci, D., Bibi,R., van Asselt, M., & Valiani,A. (2020). Evaluation of Aflatoxin
M1 enrichment factor in different cow milk cheese hardness categories. [talian Journal of Food Safety, 9(1),
article number 8419. doi: 10.4081/ijfs.2020.8419.

[13] Pleadin, )., Frece, J., & Markoy, K. (2019). Mycotoxins in food and feed. Advances in Food and Nutrition Research,
89, 297-345.doi: 10.1016/bs.afnr.2019.02.007.

Scientific Horizons, 2024, Vol. 27, No. 2



https://keypublishing.org/jhed/wp-content/uploads/2023/04/12.-Abstract-Arieta-Camaj-Ibrahimi.pdf
https://keypublishing.org/jhed/wp-content/uploads/2023/04/12.-Abstract-Arieta-Camaj-Ibrahimi.pdf
https://link.springer.com/article/10.1007/s12550-018-0315-4
https://www.sciencedirect.com/science/article/abs/pii/S0956713516304972?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2214750018300374
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=celex%3A32006R1881
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=celex%3A32006R1881
https://www.fao.org/3/i3396e/i3396e.pdf
https://www.mdpi.com/2072-6651/15/3/168
https://publications.iarc.fr/_publications/media/download/2619/a2f6a97162d2de3d55d36b3d51b3ef86fbf620c6.pdf
https://publications.iarc.fr/_publications/media/download/2619/a2f6a97162d2de3d55d36b3d51b3ef86fbf620c6.pdf
https://jfqhc.ssu.ac.ir/article-1-1006-en.html
https://www.mdpi.com/2304-8158/12/14/2704
https://www.degruyter.com/document/doi/10.1515/reveh-2023-0069/html
https://www.pagepressjournals.org/index.php/ijfs/article/view/8419
https://pubmed.ncbi.nlm.nih.gov/31351529/

88

Evaluation of aflatoxin M1 and nutritional content in Kosovo's market cheese samples

[14] Sabatelli, S., Gambi, L., Baiguera, C., Paterlini, F., Lelli Mami, F., Uboldi, L., Daminelli, P., & Biancardi, A. (2023).
Assessment of aflatoxin M1 enrichment factor in cheese produced with naturally contaminated milk. /talian
Journal of Food Safety, 12(2), article number 11123. doi: 10.4081/ijfs.2023.11123.

[15] Salari, N., Kazeminia, M., Vaisi-Raygani, A., Jalali, R., & Mohammadi, M. (2020). Aflatoxin M1 in milk worldwide
from 1988 to 2020: A systematic review and meta-analysis. Journal of Food Quality, 2020, article number
8862738.doi: 10.1155/2020/8862738.

[16] Sarmast, E., Fallah, A.A., Jafari, T., & Mousavi Khaneghah, A. (2021). Impacts of unit operation of cheese
manufacturing on the aflatoxin M1 level: A global systematic review and meta-analysis. LWT, 148, article
number 111772.doi: 10.1016/j.lwt.2021.111772.

[17] Sipos, P, Peles, F., Brasso, D.L., Béri, B., Pusztahelyi, T., Pocsi, I., & Gy6ri, Z. (2021). Physical and chemical
methods for reduction in aflatoxin content of feed and food. Toxins, 13(3), article nmber 204. doi: 10.3390/
toxins13030204.

[18] Topi, D., Spahiu, J.,Rexhepi,A., & Marku, N. (2022). Two-year survey of aflatoxin M1 in milk marketed in Albania.
Food Control, 136, article number 108831. doi: 10.1016/j.foodcont.2022.108831.

[19] U.S. Food and Drug Administration (FDA). (2022). Retrieved from https://www.fda.gov/food/natural-toxins-
food/mycotoxins.

[20] Vaz, A., Mendonca, A., Rodrigues, P., & Venancio, A. (2022). Distribution of aflatoxin M1 during production
of sheep and goat cheeses. Journal of Food Processing and Preservation, 46(11), article number e17093.
doi: 10.1111/jfpp.17093.

[21] World Health Organization. (2018). Retrieved from https://www.who.int/news-room/fact-sheets/detail/
mycotoxins.

[22] Zinedine, A., Ben Salah-Abbes, J., Abbes, S., & Tantaoui-Elaraki, A. (2021). Aflatoxin M1 in Africa: Exposure
assessment, regulations, and prevention strategies - a review. In Reviews of Environmental Contamination and
Toxicology (pp. 1-28). Cham: Springer. doi: 10.1007/398 2021 73.

Scientific Horizons, 2024, Vol. 27, No. 2



https://www.pagepressjournals.org/index.php/ijfs/article/view/11123
https://www.hindawi.com/journals/jfq/2020/8862738/
https://www.sciencedirect.com/science/article/abs/pii/S0023643821009257?via%3Dihub
https://www.mdpi.com/2072-6651/13/3/204
https://www.mdpi.com/2072-6651/13/3/204
https://www.sciencedirect.com/science/article/abs/pii/S095671352200024X
https://www.fda.gov/food/natural-toxins-food/mycotoxins
https://www.fda.gov/food/natural-toxins-food/mycotoxins
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/jfpp.17093
https://www.who.int/news-room/fact-sheets/detail/mycotoxins
https://www.who.int/news-room/fact-sheets/detail/mycotoxins
https://link.springer.com/chapter/10.1007/398_2021_73

Ibrahimi et al.

OuiHKa BMicTy anib¢daToKCUHY M1 Ta NOXXMBHUX PEeYOBUH
y 3pa3Kax pMHKoBoro cupy B Kocosi

Apieta Kamaii I6parimi
KaHauaaT 3 xap4yoBMX HAyK Ta TEXHOMOTIN, LOLEHT
YHiBepcuTeT Xakuwi 3eka
30000, Byn. «UCK», m. ey, Pecnybnika Kocoso
https://orcid.org/0000-0002-3560-3704
baipam bepiwa
KaHanapaT cinbCbKOrocnogapCcbkux Hayk, mpodecop, 4OKTOp rabiniToBaHum
MpULWTHUHCbKKIA YHIBEPCUTET
10000, Byn. xopoxka bywa, 31, M. MNpuwTtrHa, Pecnybnika Kocoso
https://orcid.org/0000-0001-9112-054X
Xara [i6pani ConpxaHi
Marictp Hayk, XiMik
AreHTCTBO 3 MMTaHb NPOAOBOJIbCTBA Ta BETEPUHAPIi
10000, nnowa «HaHa Tepesa», M. lMpuwTnHa, Pecnybnika Kocoso
https://orcid.org/0009-0008-6245-9024
Adepaira Kamaii Ica
KaHnamaat XiMiYHUX HayK, MeHemKep 3 KOHTPO/ SKOCTI
KocoBcbke areHTCTBO 3 JlikapCbKMx 3acobiB
10000, Napxia Ta Cnitanit, M. MpuwtrHa, Pecnybnika KocoBo
https://orcid.org/0000-0001-7044-8810
Luxpet Mypiki
KaHaMpaT HayK 3 arpoOeKOHOMIKM, [OLEHT
YHiBepcuTeT Xamxki 3eka
30000, Byn. «UCK», M. Mey, Pecnybnika Kocoso
https://orcid.org/0000-0002-3389-0594

AHoTauif. [pUCYTHICTb Ta MNOTY)XXHA KaHUeporeHHa fAisg abnaToKCUHIB, rPynu MIiKOTOKCMHIB, CTaHOBUTb 3HAYHY
3arpo3y rnobanbHii 6e3neui xapyoBWMX MPOLYKTIB, 0COGMMBO B MOJIOYHOMY cekTopi. Lle pocnigkeHHa Mano Ha
MeTi OLiHUTX MOLIMPEHICTb i po3noain apnatokcmHy M1 y pisHux coptax cupy Ha puHkax Kocosa y 2022 poui Ta
BMSABUTU NOTEHLiVHI KOpenaLii 3 TMNaMm cuMpy, yMoBaMu nepepobku Ta NOXMBHUMM NapaMeTpamu, Wob nokpawmTm
pO3yMiHHS Ta 3abe3neunTn 6e3neky MONOYHMX NPOAYKTIB. Y Apyrii nonoBuHi 2022 poky 3aranoM 93 3pasku pisHUX
BMAIB cupiB 3 15 pisHux kpaiH 6ynn npoaHanizoBaHi Ha BMICT TOKCMHY adnaTokcMHy M1 3a gonomorow MeToay
iMyHO(epMeHTHOro aHanily. Pe3ynbtaTv LOCNiOXKEHHS BKA3ylTb Ha Te, WO B KifIbKOX KpaiHax Oyno BUSBIAEHO
nepeBuLLEHHS KOHUEeHTpauii apnatokcnHy M1y 0,05 MKr/Kr, o € MakCMManbHO JOMYCTUMOK MEXer A5 MOJIoKa
Ta MONIOYHMX NPOAYKTIB Y Baratbox KpaiHax CBIiTy. [IpUMITHO, W0 3pa3ku cupy 3 AnbaHii nokasanu 3Ha4Ho (p=0,000)
BMLLi piBHi adnatokcnHy M1 nopiBHAHO 3 iHWMMK KpaiHaMK. Pe3ynbTaTv nokasanu, LWo KOHLEHTPaLis apnaToKCUMHy
M1 He Mana CTaTUCTMYHO 3HAYYLLMX BIAMIHHOCTEW 3aNexHOo Bif 3aranbHoro BMicTy xupy (p=0,902), Byrnesosis
(p=0,741), 6inkis (p=0,298) abo coni (p=0,122) B cMpi. Pe3ynsTaT NpoaeMoHCTpyBanu, Wo piBeHb adnatokcuHy M1
cyTTeBO (p=0,926) He 3anexas Bif KOHCUCTEHL,iT CMpy. Xoua pi3Hi 3aKBacKku Bynn NOBA3aHi 3 pi3HUMM KOHLEHTPaLisSiMK
acdnatokcuHy M1, ui BiAMIHHOCTI He 6ynu cTaTUCTMYHO 3Havywmmu (p=0,472). AHanoriyHo, 4ac BM3piBaHHA He MaB
3HayHoro (p=0,691) BnanBy Ha piBHi AFM1, OCKiNbkM KOHLEHTpaLii 3anMwanuncs BigHOCHO MOCTIMHUMM NPOTArOM
pi3HUX nepioaiB BM3piBaHHS. LLi pe3ynbTaTi fAatoThb LiHHE yABNEHHS Npo BapiaLii piBHIB adnaTtokcMHy M1 y 3pa3skax
CUpY B Pi3HUX KpaiHaxX. BoHM MigKpecnoTb BaX/IMBICTb perynaToOpHUX 3axOAiB i MOCTIMHOrO MOHITOPUHTY A4
3abe3neyeHHs Be3nekn XxapyoBMUX NPOAYKTIB i JOTPUMAHHS MaKCMMaNbHO AOMYCTUMUX MeX

Kniouogi cnoBa: Tunu cupis; IMA; 3abpyaHeHHS adnaTokCMHOM M1; 6e3neyHicTb MONOYHMX NPOAYKTIB
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