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Abstract: Cheese is one of the most susceptible dairy foods to accumulating aflatoxins due to their
high affinity to caseins. The consumption of cheese contaminated with high levels of aflatoxin M;
(AFM)) can be highly harmful to humans. The present work, based on high-performance liquid
chromatography (HPLC), highlights the frequency and levels of AFM; in coalho and mozzarella
cheese samples (1 = 28) from the main cheese-processing plants in Araripe Sertao and Agreste in
the state of Pernambuco, Brazil. Of the evaluated cheeses, 14 samples were artisanal cheeses and
the remaining 14 were industrial (manufactured) cheeses. All samples (100%) had detectable levels
of AFM;, with concentrations ranging from 0.026 to 0.132 ug/kg. Higher levels (p < 0.05) of AFM;
were observed in artisanal mozzarella cheeses, but none of the cheese samples exceed the maximum
permissible limits (MPLs) of 2.5 ug/kg established for AFM; in cheese in Brazil and 0.25 ug/kg in the
European countries by the European Union (EU). The high incidence of low levels of AFM; found in
the evaluated cheeses underscores the need for stringent control measures to prevent this mycotoxin
in milk used for cheese production in the study area, with the aim of protecting public health and
reducing significant economic losses for producers.

Keywords: cheese; AFM;; contamination; HPLC
Key Contribution: This is the first evaluation of the occurrence of AFM; in coalho and mozzarella

cheeses from the Brazilian state of Pernambuco, and it indicates high frequencies of low levels of the
mycotoxin in the evaluated products.

1. Introduction

Aflatoxins are mycotoxins produced as secondary metabolites by species of the fungal
genus Aspergillus, mainly A. flavus, A. parasiticus, and A. nomius, during growth on food
and feed products [1]. These fungi produce a range of toxic metabolites, but the main
compounds produced under natural conditions are aflatoxins B; (AFB;), G; (AFGy), By
(AFBy), and G; (AFGy) [2,3]. All the aflatoxins are highly toxic to humans, causing various
effects such as hepatotoxicity, mutagenicity, teratogenicity, immunosuppression, and car-
cinogenicity, among other effects [1-3]. When animals ingest feed contaminated with the
most prominent and highest carcinogenic AFB;, the compound is biochemically converted
in the animal’s liver into the hydroxylated aflatoxin M; (AFM;), which is excreted in the
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milk and other biological fluids [4]. The occurrence of AFM; in milk and milk-derived
products is a major concern for public health, as the AFB; and AFM; metabolites were
classified as group 1 (human carcinogens) by the International Agency for Research on
Cancer (IARC) [5-8].

Aflatoxin M; (AFM;j) binds strongly to casein in milk, resulting in greater levels in
dairy products that are high in protein, such as cheeses. Moreover, traditional processes
used in milk product manufacture, such pasteurization or sterilization, do not destroy
AFM; [9]. Previous reports have shown that AFM; levels are approximately 4 and 5 times
higher in soft and hard cheeses, respectively [9,10]. Soft cheeses are habitually made by
coagulating casein with acid, while hard cheeses are ripened after coagulation of the milk
proteins with the rennet and culture acids. However, both types of cheeses can accumulate
variable levels of AFM;, depending on the moisture content of the product [11], as shown
in previous studies of AFM; in cheeses from the states of Sao Paulo, Amazonas, and Santa
Catarina in Brazil [11-13]. At present, there are no available details on AFM; level in
cheeses from the state of Pernambuco, Brazilian.

The main factors affecting the AFM; frequencies and levels include variations in
cheese manufacturing practices, changes in milk contamination, cheese ripening conditions,
geographical and seasonal changes, and the analytical methods used [14]. Given the
potential harm of AFM;, Brazil has adopted regulatory limits for this mycotoxin, with
maximum permissible limits (MPL) of 0.5 pug/L for fluid milk and 2.5 pg/kg for cheese [15].
The occurrence and levels of AFM; in milk products have been monitored [14] using
several analytical methods, comprising the popular enzyme-linked immunosorbent assay
(ELISA) [16], high-performance liquid chromatography (HPLC) alone [17], and HPLC
combined with tandem mass spectrometry (MS/MS) [18]. In this context, monitoring
AFM]; concentrations in milk and its derived products is an essential aspect of food safety
efforts, aimed at protecting consumers’ health protection [19]. The aim of the present study
was to evaluate the occurrence and levels of AFM; in artisanal and industrial cheeses
produced in the main dairy plants in the state of Pernambuco, Brazil.

2. Results

This study is the first to evaluate the incidence and levels of AFM; in different cheeses
from the main production plants in the Araripe Sertao and Agreste regions of Pernambuco
state in Brazil. The occurrence and levels of AFM; were determined by HPLC, as given in
Table 1. The results display a high rate of AFM; occurrence in all analyzed cheese samples
(100%, n = 28). In addition, the levels of AFM; were assessed, with artisanal mozzarella
cheese (25%, n = 7) demonstrating levels ranging from 0.026 pg/kg to 0.093 pug/kg, and
the manufactured mozzarella cheese (25%, n = 7) indicating levels ranging from 0.037 to
0.132 pg/kg. Similarly, artisanal coalho cheese (25%, n = 7) exhibited AFM; levels ranging
from 0.035 pg/kg to 0.045 pg/kg, whereas the manufactured coalho cheese (25%, n = 7)
revealed AFM; levels ranging from 0.035 ug/kg to 0.046 pug/kg. Throughout the analyzed
cheese samples, the mean level of AFM; for 25% of the artisanal mozzarella cheeses (1 = 7)
was 0.07 £ 0.02 pg/kg, which was significantly higher (p < 0.05) than the remaining
artisanal or manufactured coalho cheeses.

Table 1. Incidence and level of aflatoxin M (AFM;) in cheese manufactured in Pernambuco, Brazil.

Positive Samples Level of AFM;
Type of Cheese
n % Mean + SD Range (ug/kg) *
Artisanal mozzarella (n = 7) 7 100 0.07 £0.022 0.026-0.093
Manufactured mozzarella (n = 7) 7 100 0.06 £ 0.03 2b 0.037-0.132
Artisanal coalho (1 = 7) 7 100 0.04 + 0.003 b 0.035-0.045
Manufactured coalho (n = 7) 7 100 0.04 £+ 0.004 © 0.035-0.046

abc Means with different superscript letters differ significantly at p < 0.05. * Minimum and maximum levels of
AFM; in cheeses. None of the analyzed samples had AFM; levels above the Brazilian maximum permissible limit
(2.5 ug/kg) [20]. SD, standard deviation.
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To support the results, the levels of AFM; in cheese samples were further assessed by
distributing them into quartiles (Figure 1). In this analysis, the statistical comparison dis-
played that artisanal mozzarella cheese (AM) had a low concentration range of 0.026 pg/kg.
An increased variability was found in the AFM; levels, which could be compared with
the remaining analyzed cheeses. Overall, AFM; values for AM ranged from 0.0423 ng/kg
to 0.0889 ug/kg, but some samples had concentrations below or above 0.0262 ng/kg and
0.0935 pg/kg, respectively. The median AFM; concentration in AM was 0.068 pg/kg.
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Figure 1. Box plots representing statistical comparison of AFM; level in artisanal mozzarella (AM,
n =7), manufactured mozzarella (MM, n = 7), artisanal coalho (AC, n = 7), and manufactured coalho
(MC, n = 7) cheeses. The black line inside each box, represents median.

However, the manufactured mozzarella (MM) cheese revealed AFM; values ranging
from 0.037 pg/kg, which is the minimum limit, to 0.132 pug/kg, which is the maximum
limit. Furthermore, 75% of the MM samples had concentrations above 0.0373 ug/kg, and
the median concentration was lower compared to the other groups, although there was
overlap in quartile 1 with the lower limit.

The analysis of the artisanal coalho (AC) cheese represented AFM; levels at a minimum
of 0.035 ng/kg and a maximum of 0.045 ug/kg, with a median of 0.04 ug/kg. In turn, the
manufactured cheese (MC) revealed AFM; levels ranging from 0.035 pg/kg to 0.047 pg/kg,
with a median of 0.041 ug/kg. However, the MC had greater variability in the data
compared to the AC (Figure 1).

3. Discussion

This study, based on HPLC, evaluated the incidence and levels of AFM; in cheeses
collected from production plants in Araripe Sertao and Agreste in the state of Pernambuco
in Brazil (Table 1). The results demonstrated a high occurrence rate of AFM; in all analyzed
cheese samples (100%, n = 28) with varying levels (Table 1). None of the analyzed cheeses
had AFM; levels higher than the Brazilian MPL of 2.5 ug/kg [20] or the EU MPL of
0.25 ug/kg. In exception to the northeastern region, such as Pernambuco, the AFM;
evaluation has been shown to be present in a large number of studies conducted in various
regions and states of Brazil, as described. This study, for the first time, aimed to evaluate the
occurrence and levels of AFM; in different types of cheeses produced in the northeastern
region of Brazil. These results indicate that consuming cheeses in these regions may be
potentially harmful, and proper care, evaluation, and strict quality control procedures are
necessary. This is because fungi are toxic organisms that naturally cause contamination of
foods and feeds. When present, these toxigenic fungi produce mycotoxins, such as AFB;
and its hydroxylated AFMy, in foods. The hydroxylated AFM; can transfer from one food
(milk) to another food (e.g., cheeses) during fabrication, even under strict processing and
handling procedures. When the resulting cheese products contain high levels of AFM;,
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they can pose a risk to human health. To reduce this risk exposure and increase awareness
in the food industry, the occurrence and levels of AFM; are evaluated in various milk
products, comprising different cheeses produced in Brazil.

Brazil is a major producer of cheese in the world, fabricating a wide variety of cheeses.
According to the recent data reported by the Food and Agriculture Organization (FAO),
around 59,543.14 tons of cheeses were produced in Brazil in 2020 [21]. The country is
known for its diverse array of artisanal cheeses, many of which are considered national
treasures [22]. Recently, public incentives for technological progress and commercial
partnerships for cheese production have increased in Brazil [22]. This has led to growing
concerns about the quality and reliability of cheese products. In the last few decades, many
studies have been conducted to quantify and evaluate the occurrence level of AFM; in
different types of cheeses produced in various regions of Brazil. The investigation of AFM;
in this study is in line with previous data demonstrating the incidence of AFM; in different
types of cheeses produced not only in Brazil, but also in other countries (Table 2).

Table 2. Incidence and level of aflatoxin M; (AFM, ) in different types of cheese manufactured globally.

1.030

Sampling Year Cheese Type Samples (1) Positive n (%) AFM; Level (ug/kg) Ref.
Minas cheese 12 0 ND
1989-1990 mozzarella 12 0 ND [23]
Cheddar 12 0 ND
Minas frescal 7 4 (57.1) 0.03-0.18
1996-1998 Canastra 18 11 (61.1) 0.02-1.70 [24]
Minas standard 50 41 (82) 0.02-6.92
Prato 9 9 (100) 0.02-0.54
2000-2001 Parmesan ralado 14 13 (92.8) 0.04-0.30 [25]
2004 Parmesan 88 40 (45.4) 0.02-0.66 [26]
Minas frescal 24 6 (25) 0.142-0.118
2008 Minas standard 24 7(29.2) 0.118-0.054 [27]
Minas frescal light 20
2010 Minas frescal 30 39 (67.24) 0.01-0.304 [28]
Minas standard 8
2011 Parmesan ralado 30 18 (60) 50-690 [29]
2011-2012 NG 10 3(30) 91-300 [30]
NG Lebanese (Halloumi, Naboulsi,
(Analysis year 2012) Feta, Baladi, Akkawi) and 111 75 (67.57) 0.00561-0.315 [31]
ysisy Imported white and yellow
2014-2015 White cheese 25 10 (40) 0.00246-0.035 [32]
Lighvan, Koozeh,
2015-2016 Siahmazgi, Khiki 360 194 (53.8) 0.0505-0.3087 [33]
Talesh, and Lactic
2016 Oaxaca 30 17 (57) 1.7 (average) [34]
62 21 (39.9) [35]
2016-2017 Karish chy 1.11-0.632 (mean -
arish cheese 56 25 (44.6) ( )
Coalho, Coalho buffalo,
2017 Mozzarella, Mozzarella buffalo, 25 NG NG [11]
Minas frescal
2017-2018 Various 46 39 (85) 0.1977 (mean) [36]
2018 Minas frescal 28 8 (28.6) 0.113-0.092 [12]
0.505
. 0.875
2018 Serrano artisanal 80 4 (5) 0.093 [13]
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Table 2. Cont.
Sampling Year Cheese Type Samples (1) Positive n (%) AFM; Level (ug/kg) Ref.
2019-2020 Different domestic 60 42 (70) >0.025 [37]
and imported
2019-2020 Ethiopian 82 82 (100) 5.58 + 0.08 [38]
Cottage cheese ' ’ :
2022 Minas frescal 57 1(1.7) 0.017-0.695 [17]

ND, not detected, NG, not given.

In accordance with Table 2, Syllos et al. [23] were the first to evaluate the occurrence and
levels of AFM; in Minas cheese, mozzarella, and cheddar, which were sold in Campinas, Sao
Paulo, Brazil. Unfortunately, their pioneering study did not distinguish AFM] in the tested
cheese samples, as the evaluation was conducted using thin layer chromatography [23].
Further studies have reported a higher occurrence of AFM; in cheese products with varying
levels. One of these studies, using HPLC, investigated three types of cheeses, namely Minas
frescal (n = 7), canastra (n = 18), and Minas standard (n = 50). The results showed that
the entire samples (n = 75) contained AFM;, with levels ranging from 0.03 to 0.18 pg/kg
in Minas frescal (57.1%, n = 4/7), 0.02 to 1.7 pg/kg in canastra (61.1%, n = 11/18), and
0.02 to 6.92 pg/kg in Minas standard (82%, n = 41/50) cheese [24]. In this study, the
average concentration of AFM; was highest in the Minas standard cheese (0.62 ug/kg),
followed by canasta (0.36 pg/kg), and frescal cheese (0.08 ng/kg), as given in Table 2.
Furthermore, HPLC-based analysis of 25% (6 out of 24) of Minas frescal and 29.2% (7 out of
24) of Minas standard cheese were found to contain AFM; at levels ranging from 0.142 to
0.118 pg/kg and 0.118 to 0.054 ng/kg, respectively [27]. This study also found that Minas
frescal cheese had a higher occurrence and level of AFM; (0.142-0.118 ug/kg) compared to
Minas standard cheese (0.118-0.054 ng/kg) (Table 2). Amongst Minas frescal light (1 = 20),
Minas frescal (1 = 30), and Minas standard (n = 8) cheese, a higher occurrence of AFM; was
found in 67.2% of the cheese samples, with the levels ranging from 0.01 to 0.304 ug/kg [28].
Likewise, other typical cheeses (1 = 23) produced in Brazil, incorporating prato (n = 9)
and parmesan ralado (n = 14), were analyzed and showed higher occurrence of AFM;.
The levels of AFM; in prato cheese (100%, n = 9/9) and parmesan ralado cheese (92.8%,
n =13/14) were found to be 0.02-0.54 ug/kg and 0.04-0.30 ug/kg [25]. Overall, parmesan
ralado cheeses (1 = 30), 60% (1 = 18) showed AFM; positivity at levels ranging from 50 to
690 ng/kg [29]. These parmesan cheeses were commonly sold in the metropolitan region
of Rio de Janeiro, Brazil [29]. In contrast, 45.4% (n = 40/88) of parmesan cheese was found
to contain AFMj, with levels ranging from 0.02 to 0.66 ug/kg [26].

Following additional research, a study conducted in Lebanon (Table 2) found that
67.57% (n = 75/111) of the locally fabricated or imported white and yellow cheese types,
comprising Halloumi, Naboulsi, Feta, Baladi, and Akkawi, were contaminated with high
occurrence of AFM; at levels ranging from 0.00561 to 0.315 pg/kg [31]. However, the
same study found that the occurrence and levels of AFM; tremendously exceeded the
EU permissible level of 0.25 pug/kg [31]. Additionally, data from Iran revealed that 53.8%
(n =194/360) of the locally produced Lighvan, Koozeh, Siahmazgi, Khiki Talesh, and Lactic
cheeses were contaminated with higher levels of AFM; at 0.0505-0.3087 pg/kg [33]. A
study carried out in Mexico City found that 57% (n = 17/30) of Oaxaca cheeses tested
contained AFM; at an average level of 1.7 pug/kg [34]. In addition, it was found that the
Oaxaca artisanal cheeses produced in Veracruz contained higher levels of AFM; compared
to Oaxaca cheeses fabricated in Mexico City [34]. Additional examination revealed 85%
(n = 39/46) of various types of cheeses had higher occurrence of AFM;, with a mean level
of 0.1977 ug/kg [36]. A report from Ethiopia found 100% (1 = 82/82) of the cottage cheese
samples tested positive for AFM;, with levels recorded at 5.58 & 0.08 nug/kg [38]. In a recent
study, approximately 70% (1 = 42/60) of the cheeses produced in Serbia were found to be
contaminated with AFM; at levels exceeding 0.25 pg/kg [37]. The analysis of white cheese
samples (1 = 10/25) from Turkey indicated the incidence of AFM; at concentrations ranging
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from 0.00246 to 0.035 pg/kg (mean: 0.01714 £ 0.0042 pg/kg) [32]. Similarly, a quantifiable
range of AFM; was detected in 29% (n = 8) of the Minas frescal cheese manufactured in
Sao Paulo State, at levels ranged from 0.113 to 0.092 pg/kg [12]. However, more studies
have been conducted to investigate the presence of AFM; in Minas frescal cheese marketed
in the northeast region of Sao Paulo, Brazil [27]. The incidence of this mycotoxin in foods
has been shown to be dependent on several factors, including the type of food, seasonal
variability, geographic location, post-harvest period, cheese-making procedures, analytical
method, and cheese maturation [32,39].

The results of the coalho and mozzarella cheeses can be attributed to variations in
manufacturing methods and physicochemical characteristics of each product, as described
in previous studies [40,41]. The levels of AFM; in cheese depend on the type of cheese,
the amount of water eliminated, the curd temperature, the pH of the saturated brine, and
the duration of cheese pressing. Reports suggest that AFM; levels may be higher in hard
cheese compared to soft cheese, due the higher amount of the milk proteins, mainly casein,
to which AFM] has a greater binding affinity [19]. A study in Brazil evaluated the incidence
and levels of AFM; in a range of milk and milk-derived products, containing several
cheese samples (n = 57) [17]. The study found that of the analyzed products, except a high
occurrence rate, only one cheese samples represented AFM; at a level of 0.695 pg/kg [17].
Moreover, HPLC coupled with fluorescence-detector-based analyses of cheeses (1 = 58),
incorporating Minas frescal light, Minas frescal, Minas standard, and other type of cheese,
found that 67.24% of the cheeses were contaminated with AFM; (0.01-0.304 ug/kg), as
given in Table 2 [28].

This work from the northeastern state of Pernambuco in Brazil detected lower levels
of AFM; compared to other studies conducted on almost same cheese samples in northern
Brazil [11]. Similarly, the levels of AFM; in artisanal and manufactured mozzarella cheeses
ranged from 0.026 to 0.093 pg/kg and from 0.037 to 0.132 pg/kg, respectively, while arti-
sanal and manufactured coalho cheeses showed 0.035-0.045 ng/kg and 0.035-0.046 ug/kg,
which were comparatively lower than those detected in northern Brazil. In the northern
region, especially the state of Amazonas in Brazil, 25 cheese samples (coalho, coalho de
buffalo, mozzarella, mozzarella de buffalo, and Minas frescal) were analyzed, and none
of the samples exceeded the Brazilian MPL of 2.5 ug/kg for AFM; [11]. Moreover, in
the southern region of Brazil, AFM; was analyzed in Serrano artisanal cheeses at four
different maturation periods (14, 21, 28, and 35 days), and it was observed that only four
samples had AFM; levels of 0.505, 0.875, 0.093, and 1.03 pg/kg [13]. While most of the
samples had AFM;, levels below the Brazilian MPL of 2.5 png/kg, some exceeded the EU
MPL of 0.25 pug/kg. Although seasonal factors were not considered in the current study,
the incidence and level of AFM; in cheese samples analyzed can also be influenced by
different time periods of cheese manufacture. The artisanal and coalho or mozzarella
cheeses produced between March and May 2022 (Brazilian autumn) give AFM; levels
ranging from 0.026 to 0.132 pg/kg (Table 1).

It is important to note that the impact of seasonality on AFM; levels in cheeses has
already been described [42]. In this study, the levels of total aflatoxins and AFB; in roughage,
concentrate, and compound feed were low in the autumn, followed by the summer and
winter, while spring had the highest level of mycotoxins [42]. This demonstrates that
harvesting and proper drying of vegetable crops used for feed during the autumn may
be less risky, leading to milk and cheese with lower AFM; levels. Another study found a
significant difference (p < 0.05) in the occurrence and level of AFM; in traditional cheese
produced in the summer and winter seasons [33]. In regard to the seasonal impact on
cheese contaminated with AFM;, further studies have also been performed. For example,
in a study of traditionally produced Egyptian cheeses over two years (2016-2017), the
occurrence and concentration of AFM; in karish Egyptian cheese was found to range from
1.11 to 0.632 ng/kg [35]. However, a seasonal evaluation exhibited that the karish cheeses
were significantly contaminated with AFM; at 1.34 pg/kg (2016) and 0.855 pg/kg (2017)
only in the winter, compared to the other three seasons [35].
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In the current study, none of the analyzed cheese samples exceeded the MPL of
2.5 ug/kg set by Brazil [20]. This limit (2.5 pg/kg) is higher compared to the MPL set
by the EU of 0.25 pg/kg for dairy products [9], as well as other countries including Iran,
Austria and Switzerland, and Italy, which have set MPLs of 0.25 pug/kg and 0.45 ug/kg [27].
When comparing the results, 25% of the artisanal mozzarella cheese samples showed
AFM; levels at 0.07 pg/kg that do not exceed any of the described MPLs. Conversely,
in a study of parmesan cheese commercially available in Rio de Janeiro, Brazil, overall
samples showed AFM; levels below the Brazilian MPL of 2.5 pug/kg, but 26.7% samples still
exceeded the EU’s MPL of 0.25 ug/kg [29]. A study in Ethiopia found that 100% (n = 82) of
locally produced and industrialized cheese contained AFM; at levels of 5.58 & 0.08 ug/kg,
exceeding the limits set by Egypt, the EU, and Morocco, and 88% of the samples even
exceeded the MPL settled by the United States [38].

In a study carried out in Qatar, halloumi and kashkaval cheeses were found to have
significantly higher levels of AFM; compared to mozzarella, edam, cheddar, cream, and
moshalal varieties [36]. The authors attributed the elevated levels of AFM; in halloumi and
kashkaval cheeses to factors such as maturation time, manufacturing method (industrial
or artisanal), milk source, and time of production [36]. The variations in the processing
of artisanal cheese were likely due to a lack of standardization, especially in the case of
mozzarella cheese, which was observed during the sampling time. Factors contributing to
these issues could include the use of poor-quality products, water content, incorrect pH
correction, improper cooking, and cooking time of the curdled dough. The production of
artisanal cheeses is a traditional method that is passed down from generation to generation
and has significant economic importance, especially for small-scale producers. This pro-
duction is often based on empirical methods, which can result in varying quality standards
in the same production region [40,43,44].

4. Conclusions

According to the findings of this study, a high incidence of AFM; was detected using
HPLC in both artisanal and industrially produced cheeses in Pernambuco, Brazil. The
levels of AFM; were low and all the samples were found to be below the limit of 2.5 ug/kg
established in Brazil and 0.25 ug/kg adopted in the EU. The study found significant
differences between the levels of contamination of artisanal mozzarella-type cheese and
manufactured coalho cheese. Based on these results, there is a need for strict quality
control measure to further reduce the presence of this mycotoxin in the milk used for
cheese manufacture in the studied area. Moreover, future studies should also evaluate
the cheeses throughout different seasons to determine the incidence and level of AFM;,
as seasonality can have a significant impact on cheese production in the same regions of
Pernambuco, Brazil.

5. Materials and Methods
5.1. Sampling Procedures

In this study, a non-probabilistic convenience sampling was employed, which ac-
counted for approximately 70% of the producers in the study area. Participation in the
research was voluntary and not all producers agreed to take part. The collection of the
samples was performed for the first time in two main cheese-processing plants in the
Agreste and Araripe Sertdo regions of Pernambuco state, Brazil. A total of 28 samples
of mozzarella- and coalho-type cheeses, 14 of which were artisanal and the remaining
14 were industrially produced, were collected between March and May 2022. Individual
samples (original package, 500 g) were stored at 4 °C prior to transport to the laboratory
for immediate analytical procedures.

5.2. Sample Preparation

The analysis of the cheese samples was performed according to a previously in-house
validated analytical method [30]. Individual samples (8 g) were taken in falcon tubes
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(15mL). To each sample was added 2 g of sodium chloride (NaCl), 22 mL of methanol
(CH30H, Dinamica®, Sao Paulo, SP, Brazil), and 13 mL of ultra-pure water (Mili-Q). In-
dividual mixtures after homogenization (1 min), shaking (10 min), and centrifugation
(6000 rpm x 15 min) were filtered through membrane filters (0.22 um) in glass tubes. At
this stage, 20 mL of the individual extracts were diluted in 30 mL of ultra-pure water
(Mili-Q) and submitted to re-centrifugation (6000 rpm x 15 min). Now the final filtrates
were subjected to passing through the immunoaffinity columns (AflaTest, Vicam, Waters,
MA, USA) connected to the glass syringes and vacuum system (2-3 mL/min flow rate). The
columns were washed with 20 mL ultra-pure water, and targeted AFM; in the samples was
eluted with 1 mL of methanol. Then, the samples were subjected to dryness on evaporation
under the nitrogen flux (MultiVap-54), and the dried extracts were one-by-one reconstituted
in a 1 mL solvent mixture of methanol/water (50:50, v/v).

5.3. Chromatographic Analysis

The determinations of AFM; were carried out on a high-performance liquid chro-
matography (HPLC) system (Shimadzu 10 VP, Kyoto, Japan) equipped with 10 AXL fluores-
cence detectors (Excitation at 360 nm and emission above 440 nm). A Kinetex C1g column
(Phenomenex, Torrance, CA, USA) 4.6 x 150 mm, 2.6 um particle size, and an in-line filter
of 0.5 um were used. The isocratic mobile phase consisted of methanol/water/acetonitrile
(6.4:28.1:10.5, v/v/v) with a flow rate of 0.50 mL/min.

Calibration curves with five points were prepared by diluting AFM; standard (Sigma®,
St Louis, MO, USA) in acetonitrile (CH3CN) at the concentration ranges of 2.5, 5, 10, 20,
40 ng/mL. The limits of detection (LOD) and quantification (LOQ) were calculated based
on the signal-to-noise ratio (5/N) of 3:1 and 10:1. The LOD and LOQ values for AFM;
in cheese samples under study were 0.017 and 0.055 pg/kg, respectively. All HPLC runs
were carried out in triplicate and the data average values were expressed in the form of
mean =+ standard deviation.

5.4. Data Analysis

The results obtained from the trial were subjected to one-way analysis of variance
(ANOVA) to determine differences among the cheese samples and the Tukey 5% test was
applied. The significance level was accepted at the probability p < 0.05. All analyses
were carried out using XLSTAT 2022 software (v.24.2.1300), with descriptive statistics and
Microsoft Excel (v.14.0.4760.1000) also being used to summarize the data. Additionally, R
version 4.0.5 software was used.

Author Contributions: Conceptualization, A.G.d.C., R.B.A.d.O., CH.C. and C.A.F.d.O.; method-
ology, A.G.d.C., R.B.A.d.O. and C.H.C,; software, LM.d.M.S.; validation, C.H.C. and C.A.Ed.O,;
formal analysis, IM.d.M.S., S.A., LM.E, L.GD.E, RER. and L.G.D.E; investigation, A.G.d.C.,
R.B.A.d.O. and C.H.C; resources, A.G.d.C., R.B.A.d.O., CH.C. and C.A.F.d.O.; data curation, S.A;
writing—original draft preparation, LM.d.M.S.; writing—review and editing, S.A., LM.F,, L.G.D.F,
A.G.d.C,R.B.A.d.O, CHC. and C.A Ed.O,; visualization, S.A., C.H.C. and C.A.F.d.O.; supervision,
A.G.d.C,RB.A.d.O,CH.C. and C.A.F.d.O.; project administration and funding acquisition, A.G.d.C.,
R.B.A.d.O., CH.C. and C.A.F.d.O. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the Brazilian National Council for Scientific and Technological
Development (CNPg; grant number 304262 /2021-8), and in part by the Coordenacao de Aperfeigoa-
mento de Pessoal de Nivel Superior (CAPES; Finance code 001) and Fundacao de Amparo a Pesquisa
do Estado de Sao Paulo—Brasil (FAPESP; grant numbers 2019/21603-1 and 2022/03952-1).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and was approved by the Ethics Committee for Human Research at UFRPE (CAAE:
5354.204/2022).

Informed Consent Statement: Participants completed a Free and Informed Consent Form (FICF).

Data Availability Statement: The data related to this work are within the manuscript.



Toxins 2023, 15, 182 90of 10

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Wochner, K.E,; Becker-Algeri, T.A.; Colla, E.; Badiale-Furlong, E.; Drunkler, D.A. The Action of Probiotic Microorganisms on
Chemical Contaminants in Milk. Crit. Rev. Microbiol. 2018, 44, 112-123. [CrossRef] [PubMed]

2. Kumar, P; Mahato, D.K,; Kamle, M.; Mohanta, T.K.; Kang, S.G. Aflatoxins: A Global Concern for Food Safety, Human Health and
Their Management. Front. Microbiol. 2017, 07, 2170. [CrossRef] [PubMed]

3. Ramadan, N.A; Al-Ameri, H.A. Aflatoxins. In Aflatoxins—Occurrence, Detoxification, Determination and Health Risks; IntechOpen:
London, UK, 2022.

4. Min, L,; Fink-Gremmels, J.; Li, D.; Tong, X.; Tang, J.; Nan, X,; Yu, Z.; Chen, W.; Wang, G. An Overview of Aflatoxin Bl
Biotransformation and Aflatoxin M1 Secretion in Lactating Dairy Cows. Anim. Nutr. 2021, 7, 42-48. [CrossRef] [PubMed]

5. Ostry, V.; Malir, E; Toman, J.; Grosse, Y. Mycotoxins as Human Carcinogens—The IARC Monographs Classification. Mycotoxin
Res. 2017, 33, 65-73. [CrossRef]

6. Marchese, S.; Polo, A.; Ariano, A.; Velotto, S.; Costantini, S.; Severino, L. Aflatoxin B1 and M1: Biological Properties and Their
Involvement in Cancer Development. Toxins 2018, 10, 214. [CrossRef]

7. Schrenk, D.; Bignami, M.; Bodin, L.; Chipman, ].K,; del Mazo, J.; Grasl-Kraupp, B.; Hogstrand, C.; Hoogenboom, L.; Leblang, J.;
Nebbia, C.S.; et al. Risk Assessment of Aflatoxins in Food. EFSA J. 2020, 18, e06040. [CrossRef]

8. EFSA. Opinion of the Scientific Panel on Contaminants in the Food Chain [CONTAM] Related to Aflatoxin B1 as Undesirable
Substance in Animal Feed. EFSA J. 2004, 2, 39. [CrossRef]

9. Pefia-Rodas, O.; Martinez-Lopez, R.; Pineda-Rivas, M.; Hernandez-Rauda, R. Aflatoxin M; in Nicaraguan and Locally Made
Hard White Cheeses Marketed in El Salvador. Toxicol. Rep. 2020, 7, 1157-1163. [CrossRef]

10. Costamagna, D.; Gaggiotti, M.; Chiericatti, C.A.; Costabel, L.; Audero, G.M.L.; Taverna, M.; Signorini, M.L. Quantification of
Aflatoxin M; Carry-over Rate from Feed to Soft Cheese. Toxicol. Rep. 2019, 6, 782-787. [CrossRef]

11. Gongalves, B.L.; Ulliana, R.D.; Ramos, G.L.P.A.; Cruz, A.G.; Oliveira, C.A.F.; Kamimura, E.S.; Corassin, C.H. Occurrence of
Aflatoxin M; in Milk and Minas Frescal Cheese Manufactured in Brazilian Dairy Plants. Int. ]. Dairy Technol. 2021, 74, 431-434.
[CrossRef]

12.  Janaina, S.B.; Ariane, M.K,; Emerson, S.L.; Pedro, H.C.E; Cibele, D.S.V.; Lawrence, R.X.; Samir, D.C.B.P,; Augusto, K.K. Aflatoxin
M; in Cheese Samples from the Amazon Region. Afr. J. Pharm. Pharmacol. 2019, 13, 163-169. [CrossRef]

13. Pereira, M.N,; Freire, I.S.E; Escatolin, L.C.; da Silva, J.R.; Caon, S. Qualidade Do Queijo Artesanal Serrano Catarinense Quanto a
Contagem Fungica, Aflatoxina M; e Sujidades. Pubvet 2018, 12, 138. [CrossRef]

14. Darsanaki, R.K.; Club, Y.R.; Branch, L.; Aliabadi, M.A.; Issazadeh, K.; Rokhi, M.L.; Amini, A. Determination of Aflatoxin My
Levels in 1 White Cheese Samples by ELISA in Gilan Province, Iran. Glob. Vet. 2012, 9, 28-31.

15. Negash, D. A Review of Aflatoxin: Occurrence, Prevention, and Gaps in Both Food and Feed Safety. J. Appl. Microbiol. Res. 2018,
1, 35-43. [CrossRef]

16. Sumon, A.H.; Islam, F; Mohanto, N.C.; Kathak, R.R.; Molla, N.H.; Rana, S.; Degen, G.H.; Ali, N. The Presence of Aflatoxin M; in
Milk and Milk Products in Bangladesh. Toxins 2021, 13, 440. [CrossRef] [PubMed]

17.  Corassin, C.H.; Borowsky, A.; Ali, S.; Rosim, R.E.; de Oliveira, C.A.F. Occurrence of Aflatoxin M; in Milk and Dairy Products
Traded in Sao Paulo, Brazil: An Update. Dairy 2022, 3, 842-848. [CrossRef]

18. Panara, A.; Katsa, M.; Kostakis, M.; Bizani, E.; Thomaidis, N.S. Monitoring of Aflatoxin M; in Various Origins Greek Milk Samples
Using Liquid Chromatography Tandem Mass Spectrometry. Separations 2022, 9, 58. [CrossRef]

19. Mousavi Khaneghah, A.; Moosavi, M.; Omar, S.S.; Oliveira, C.A.F,; Karimi-Dehkordi, M.; Fakhri, Y.; Huseyn, E.; Nematollahi, A.;
Farahani, M.; Sant’Ana, A.S. The Prevalence and Concentration of Aflatoxin M1 among Different Types of Cheeses: A Global
Systematic Review, Meta-Analysis, and Meta-Regression. Food Control 2021, 125, 107960. [CrossRef]

20. Brasil Agéncia Nacional de Vigilancia Sanitaria. Dispoe Sobre Os Limites Mdximos Tolerados (LMT) Para Micotoxinas Em Alimentos
(Resolugdo RDC No 7, de 18 de Fevereiro de 2011); Diario Oficial [Da] Republica Federativa Do Brasil (2011); Brasil Agéncia Nacional
de Vigilancia Sanitaria: Brasilia, Brazil, 2011.

21. Food and Agriculture Organization of the United Nations. Food and Agriculture Data. Available online: https:/ /www.fao.org/
faostat/en/#home (accessed on 26 January 2023).

22. Penna, A.L.B.; Gigante, M.L.; Todorov, S.D. Artisanal Brazilian Cheeses—History, Marketing, Technological and Microbiological
Aspects. Foods 2021, 10, 1562. [CrossRef]

23. deSylos, C.M.; Rodriguez-Amaya, D.B.; Carvalho, PR.N. Occurrence of Aflatoxin M; in Milk and Dairy Products Commercialized
in Campinas, Brazil. Food Addit. Contam. 1996, 13, 169-172. [CrossRef]

24. Prado, G.; Oliveira, M.S.; Pereira, M.L.; Abrantes, EM.; Santos, L.G.; Veloso, T. Aflatoxin M; in Samples of “Minas” Cheese
Commercialized in the City of Belo Horizonte—Minas Gerais/Brazil. Food Sci. Technol. 2000, 20, 398-400. [CrossRef]

25. Prado, G.; de Oliveira, M.S.; de Carvalho, E.P,; Veloso, T.; de Sousa, L.A.F,; Cristina, A.; Cardoso, F. Aflatoxina M; Em Queijo
Prato e Parmesao Determinada Por Coluna de Imunoafinidade e Cromatografia Liquida. Rev. Inst. Adolfo Lutz 2001, 60, 147-151.
[CrossRef]

26. Prado, G.; de Oliveira, M.S.; Lima, A.S.; Moreira, A.P.A. Occurrence of Aflatoxin M; in Parmesan Cheese Consumed in Minas

Gerais, Brazil. Ciéncia Agrotecnologia 2008, 32, 1906-1911. [CrossRef]


http://doi.org/10.1080/1040841X.2017.1329275
http://www.ncbi.nlm.nih.gov/pubmed/28537817
http://doi.org/10.3389/fmicb.2016.02170
http://www.ncbi.nlm.nih.gov/pubmed/28144235
http://doi.org/10.1016/j.aninu.2020.11.002
http://www.ncbi.nlm.nih.gov/pubmed/33997330
http://doi.org/10.1007/s12550-016-0265-7
http://doi.org/10.3390/toxins10060214
http://doi.org/10.2903/j.efsa.2020.6040
http://doi.org/10.2903/j.efsa.2004.39
http://doi.org/10.1016/j.toxrep.2020.08.031
http://doi.org/10.1016/j.toxrep.2019.07.004
http://doi.org/10.1111/1471-0307.12772
http://doi.org/10.5897/AJPP2019.5051
http://doi.org/10.22256/pubvet.v12n7a121.1-8
http://doi.org/10.15406/jnhfe.2018.08.00268
http://doi.org/10.3390/toxins13070440
http://www.ncbi.nlm.nih.gov/pubmed/34202130
http://doi.org/10.3390/dairy3040057
http://doi.org/10.3390/separations9030058
http://doi.org/10.1016/j.foodcont.2021.107960
https://www.fao.org/faostat/en/#home
https://www.fao.org/faostat/en/#home
http://doi.org/10.3390/foods10071562
http://doi.org/10.1080/02652039609374395
http://doi.org/10.1590/S0101-20612000000300020
http://doi.org/10.53393/RIAL.2001.V60.35875
http://doi.org/10.1590/S1413-70542008000600033

Toxins 2023, 15, 182 10 of 10

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Oliveira, C.A.F; Franco, R.C.; Rosim, R.E.; Fernandes, A.M. Survey of Aflatoxin M; in Cheese from the North-East Region of Sao
Paulo, Brazil. Food Addit. Contam. 2011, 4, 57-60. [CrossRef] [PubMed]

Tha, M.H.; Barbosa, C.B.; Okada, I.A.; Trucksess, M.W. Occurrence of Aflatoxin M; in Dairy Products in Brazil. Food Control 2011,
22,1971-1974. [CrossRef]

Trombete, EM.; De Castro, .LM.; Teixeira, A.D.S.; Saldanha, T.; Fraga, M.E. Aflatoxin M; Contamination in Grated Parmesan
Cheese Marketed in Rio de Janeiro—Brazil. Braz. Arch. Biol. Technol. 2013, 57, 269-273. [CrossRef]

Jager, A.V.; Tedesco, M.P,; Souto, PC.M.C,; Oliveira, C.A.F. Assessment of Aflatoxin Intake in Sao Paulo, Brazil. Food Control 2013,
33, 87-92. [CrossRef]

Elkak, A.; el Atat, O.; Habib, J.; Abbas, M. Occurrence of Aflatoxin M; in Cheese Processed and Marketed in Lebanon. Food
Control 2012, 25, 140-143. [CrossRef]

Oztiirk Yilmaz, S.; Altinci, A. Incidence of Aflatoxin M; Contamination in Milk, White Cheese, Kashar and Butter from Sakarya,
Turkey. Food Sci. Technol. 2019, 39, 190-194. [CrossRef]

Shahbazi, Y.; Nikousefat, Z.; Karami, N. Occurrence, Seasonal Variation and Risk Assessment of Exposure to Aflatoxin M; in
Iranian Traditional Cheeses. Food Control 2017, 79, 356-362. [CrossRef]

Carvajal-Moreno, M.; Vargas-Ortiz, M.; Hernandez-Camarillo, E.; Ruiz-Velasco, S.; Rojo-Callejas, F. Presence of Unreported
Carcinogens, Aflatoxins and Their Hydroxylated Metabolites, in Industrialized Oaxaca Cheese from Mexico City. Food Chem.
Toxicol. 2019, 124, 128-138. [CrossRef] [PubMed]

Ismaiel, A.A.; Tharwat, N.A.; Sayed, M.A.; Gameh, S.A. Two-Year Survey on the Seasonal Incidence of Aflatoxin M; in Traditional
Dairy Products in Egypt. J. Food Sci. Technol. 2020, 57, 2182-2189. [CrossRef] [PubMed]

Hassan, Z.U.; Al-Thani, R.; Atia, FA.; Almeer, S.; Balmas, V.; Migheli, Q.; Jaoua, S. Evidence of Low Levels of Aflatoxin M; in
Milk and Dairy Products Marketed in Qatar. Food Control 2018, 92, 25-29. [CrossRef]

Torovi¢, L.; Popov, N.; Zivkov-Balo$, M.; Jaksi¢, S. Risk Estimates of Hepatocellular Carcinoma in Vojvodina (Serbia) Related to
Aflatoxin M1 Contaminated Cheese. J. Food Compos. Anal. 2021, 103, 104122. [CrossRef]

Tadesse, S.; Berhanu, T.; Woldegiorgis, A.Z. Aflatoxin M; in Milk and Milk Products Marketed by Local and Industrial Producers
in Bishoftu Town of Ethiopia. Food Control 2020, 118, 107386. [CrossRef]

Ismail, A.; Riaz, M.; Akhtar, S.; Yoo, S.H.; Park, S.; Abid, M.; Aziz, M.; Ahmad, Z. Seasonal Variation of Aflatoxin B1 Content in
Dairy Feed. ]. Anim. Feed Sci. 2017, 26, 33-37. [CrossRef]

Kamimura, B.A.; Magnani, M.; Luciano, W.A.; Campagnollo, F.B.; Pimentel, T.C.; Alvarenga, V.O.; Pelegrino, B.O.; Cruz, A.G,;
Sant’Ana, A.S. Brazilian Artisanal Cheeses: An Overview of Their Characteristics, Main Types and Regulatory Aspects. Compr.
Rev. Food Sci. Food Saf. 2019, 18, 1636—1657. [CrossRef]

Nguyen, HT.H.; Ong, L.; Lopez, C.; Kentish, S.E.; Gras, S.L. Microstructure and Physicochemical Properties Reveal Differences
between High Moisture Buffalo and Bovine Mozzarella Cheeses. Food Res. Int. 2017, 102, 458-467. [CrossRef]

Polat, N.; Giil, M. Aflatoxin Levels in Roughage, Concentrates, Compound Feed and Milk Samples from Dairy Farms in Erzurum
Province. Atatiirk Univ. Vet. Bilim. Derg. 2014, 9, 149-156. [CrossRef]

Pelegrino, B.O.; Silva, R.; Guimaraes, J.T.; Coutinho, N.E; Pimentel, T.C.; Castro, B.G.; Freitas, M.Q.; Esmerino, E.A_; Sant’Ana,
A.S,; Silva, M.C.; et al. Traceability: Perception and Attitudes of Artisanal Cheese Producers in Brazil. ]. Dairy Sci. 2020,
103, 4874-4879. [CrossRef]

Cirne, C.T.; Tunick, M.H.; Trout, R.E. The Chemical and Attitudinal Differences between Commercial and Artisanal Products.
NPJ Sci. Food 2019, 3, 19. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1080/19393210.2010.538934
http://www.ncbi.nlm.nih.gov/pubmed/24779663
http://doi.org/10.1016/j.foodcont.2011.05.013
http://doi.org/10.1590/S1516-89132013005000015
http://doi.org/10.1016/j.foodcont.2013.02.016
http://doi.org/10.1016/j.foodcont.2011.10.033
http://doi.org/10.1590/fst.40817
http://doi.org/10.1016/j.foodcont.2017.04.021
http://doi.org/10.1016/j.fct.2018.11.046
http://www.ncbi.nlm.nih.gov/pubmed/30468840
http://doi.org/10.1007/s13197-020-04254-3
http://www.ncbi.nlm.nih.gov/pubmed/32431344
http://doi.org/10.1016/j.foodcont.2018.04.038
http://doi.org/10.1016/j.jfca.2021.104122
http://doi.org/10.1016/j.foodcont.2020.107386
http://doi.org/10.22358/jafs/69008/2017
http://doi.org/10.1111/1541-4337.12486
http://doi.org/10.1016/j.foodres.2017.09.032
http://doi.org/10.17094/avbd.27380
http://doi.org/10.3168/jds.2019-17997
http://doi.org/10.1038/s41538-019-0053-9
http://www.ncbi.nlm.nih.gov/pubmed/31508494

	Introduction 
	Results 
	Discussion 
	Conclusions 
	Materials and Methods 
	Sampling Procedures 
	Sample Preparation 
	Chromatographic Analysis 
	Data Analysis 

	References

