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Abstract: Minas artisanal cheese is the best known and most consumed type of cheese in Brazil.
Prepared with raw bovine milk and starter cultures, these cheeses face many opportunities for
post-processing contamination during their transport to commercial establishments as well as in
how they are stored, displayed, and maintained for cutting/slicing at retail establishments. It is a
common practice for retailers to purchase entire cheeses from the producers, cut them into smaller
pieces for retail sale, and store them at room temperature instead of properly refrigerating them.
This study evaluated the microbiological safety parameters of samples of Minas artisanal cheeses
collected at retail establishments in the city of Sao Paulo, Brazil, to more realistically assess consumer
exposure to the most common pathogens. Samples were submitted for investigation of Salmonella
spp., Listeria monocytogenes, and the counts of total coliforms, Escherichia coli, and coagulase-positive
enterotoxigenic staphylococci using culture and real-time PCR methods. A worrisome number of
samples failed to comply with the current Brazilian legislation for foods in retail environments
and presented more than one non-compliance issue. Results highlighted that quality and safety
management tools, such as good hygiene practices and HACCP, in retail environments deserve more
attention to reduce the possible risks to consumer health.
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1. Introduction

Cheeses are very popular dairy products. Most cheese-making has evolved over the
past 100 years from traditional and art-based processes to recent scientific- and technological-
based processes [1]. Almost every country in the world produces cheeses, and varieties are
characterized by their peculiar chemical and sensory properties that vary according to the
production process [2]. In Brazil, the state of Minas Gerais is the largest cheese producer
and is known for a great variety of cheeses, such as the traditional Minas artisanal cheese
that is made from raw cows’ milk and endogenous starter cultures [3,4]. The production
of this type of cheese moves BRL 370 million (approximately USD 70 million) annually,
corresponding to 35 thousand tons produced every year. Minas artisanal cheeses are
produced using techniques that have been passed from generation to generation in various
regions of Minas Gerais, such as Araxa, Campo das Vertentes, Cerrado, Serra da Canastra,
Serra do Salitre, Serro, and Tridngulo Mineiro [3-5]. The manufacturing process follows the
tradition brought to Brazil by Portuguese settlers in the 18th century. These cheeses differ
regionally, mainly in the curd pressing phase: in Serro, the curd is pressed with bare hands,
while in Canastra, Serra do Salitre, and Cerrado, a cheese cloth is used for the pressing
phase and the maturation time chosen by each producer. Thus, artisanal cheeses from
Minas Gerais can have different textures and flavors, depending on the composition of the
initial culture, raw materials used, and ripening conditions [3-5].
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The manufacturing process of Minas artisanal cheese is recognized as part of Brazil’s
historical heritage by The National Historic and Artistic Heritage Institute (Instituto do
Patrimonio Historico e Artistico Nacional (IPHAN). The commercial value of these cheeses
has skyrocketed in the last few years due to winning international awards in 2017 and 2018,
including gold medals in 2021 at Le Mondial du Fromage et des Produits Laitiers, a cheese
and dairy exhibition and festival held in France [3].

Despite the wide recognition given to Minas artisanal cheeses, there are still some
concerns regarding commercialization throughout the country [5,6]. Such concerns occur
because cheeses prepared with raw milk have been associated with outbreaks of food-
borne diseases in several countries, and the occurrence of pathogenic bacteria such as
Listeria monocytogenes, Salmonella spp., and enterotoxigenic Staphylococcus aureus in cheeses
prepared with raw milk have been frequently reported [4,7-18].

Brazilian agricultural agencies, like other regulatory bodies around the world, have es-
tablished guidelines and laws for cheese production [19,20]. However, Brazilian legislation
differ in requirements for production versus retail, generating misunderstandings within
the sector. These regulations are not well accepted by artisanal cheese producers as they
consider them excessively rigorous for artisanal products [3,5]. Thus, it is not surprising
that artisanal cheeses marketed throughout the country are at odds with the requirements
of the legislation, both in terms of hygiene and possible risks to consumer health.

Recent studies evidenced the complexity of the microbiota of Minas artisanal
cheeses [21-24]. These evaluations were performed with samples collected directly from
the producers at their production farms. However, there are many opportunities for
post-processing contamination of cheeses in retail stores, during transport to commercial
establishments, and in how they are stored, displayed, and maintained for cutting/slicing
in these locations [25,26]. Usually, retailers purchase whole cheeses from the producers
and then cut them into smaller units for retail sale. It is common practice for the cheese to
be kept at room temperature instead of being properly refrigerated.

The objective of the present study is to provide data on the hygienic conditions and
microbiological safety of Minas artisanal cheese samples collected at retail establishments
in the city of Sao Paulo. We investigate the occurrence of Listeria monocytogenes, Salmonella
spp., and the counts of coagulase-positive enterotoxigenic staphylococci, Escherichia coli,
and total coliforms using both plating and molecular techniques.

2. Materials and Methods
2.1. Sampling and Bacterial Isolation

One hundred samples of Minas artisanal cheese were collected at 20 randomly selected
retail stores in the city of Sao Paulo, SP, Brazil, simulating the purchase by a common
consumer. The samples corresponded to pieces of cheese from different producers or from
different batches from the same producer, as identified on the labels. Producers were
located in Serra da Canastra (n = 54), Araxa (n = 13), Serro (n = 9), Cerrado Mineiro (n = 6),
Pato de Minas (n = 6), Salitre (n = 3), Triangulo Mineiro (n = 2), Campo das Vertentes
(n =2), Alagoa (n = 2), Coromandel (n = 2), and Mendel Pimentel (n = 1) in Minas Gerais,
Brazil. The samples were numbered Al to A100, transported to the Food Microbiology
Laboratory at the University of Sao Paulo, SP, Brazil, in containers with recyclable ice
and kept refrigerated at 8 °C until being submitted to testing within a maximum of 24 h
after collection.

2.2. Sample Preparation for Analysis

The analytical units for microbiological analysis (25.0 & 0.2 g) were prepared according
to IN 62/2003 [27]. The analytical units consisted of 25 £ 0.2 g, being 12.5 4= 0.1 g from the
external part and 12.5 & 0.1 g from the internal part of each sample.
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2.3. Detection of Salmonella spp. and Listeria monocytogenes by Culture Methods

The analytical units were subjected to the analytical methods described in ISO 6579:1 [28]
for Salmonella spp. and ISO 11290:1 [29] for Listeria monocytogenes. Typical Salmonella spp.
colonies on XLD and HE agar plates (Merck, Darmstadt, Germany) were subjected to
serological agglutination reactions with polyvalent serum (Probac Ltda., Sao Paulo, Brazil),
following the manufacturer’s instructions. Typical colonies of Listeria monocytogenes on
ALOA and OXA plates (Merck, Darmstadt, Germany) were transferred to TSA agar plates,
incubated at 37 °C for 24 £ 2 h, and subjected to xylose and rhamnose fermentation tests
and hemolysis testing on blood agar.

2.4. Detection of Salmonella spp. and Listeria monocytogenes by PCR Applied to the
Pre-Enrichment Broths

The pre-enrichment broths prepared for detection of Salmonella spp. and Listeria
monocytogenes (item 2.3) were submitted to DNA extraction using Quick-DNA™ kit
(Zymo Research, CA, USA). PCR reactions for Salmonella spp and Listeria monocytogenes
were performed using the mericon®Salmonella spp and Listeria monocytogenes Pathogen
Detection kits (QIAGEN, Hilden, Germany) and a 7500 Real-Time PCR System (Applied
Biosystems, Singapore). The tests and interpretation of results followed the instructions of
the kits manufacturer.

2.5. Enumeration and Identification of Coagulase-Positive Enterotoxigenic Staphylococci

Each analytical unit of cheese was homogenized with 225 mL of 0.1% peptone water
in a Smasher (BioMérieux, Marcy-1'Etoile, France), and the homogenates were subjected to
serial decimal dilutions in 0.1% peptone water up to 10°. From each dilution, 1 mL was
transferred to STX Petrifilm® plates (3M, Sumaré, Brazil) and incubated at 37 °C £ 1 °C
for 24 + 2 h, and then the red-violet colonies were counted. The Petrifilm" Staph Express
Disk was used whenever colonies other than red-violet were also present, followed by
incubation at 37 °C &£ 2 °C for an additional 1-3 h. Colonies surrounded by a pink zone
were considered positive and included in the counts. Five colonies were selected from each
STX plate and subjected to the coagulase reaction according to Bennett and Lancette [30].
Based on the results, the counts of coagulase-positive staphylococci in the cheese samples
were calculated. The results were expressed as CFU/g.

For identification of the species of the coagulase-positive staphylococci isolates, total
DNA was extracted with the GenElute " extraction kit (Merck, Darmstadt, Germany) and
submitted to 165 rDNA sequencing at the Human Genome and Stem Cell Research Center
at the University of Sao Paulo, Brazil. The sequences were analyzed with the BLAST
algorithm (National Centre for Biotechnology Information, USA)

The enterotoxigenicity of the coagulase-positive isolates obtained from the cheeses
was evaluated by investigating the presence of the genes sea, seb, sec, sed, see, seg, seh, sei
and sej by PCR, using the primers listed in Table 1.

Table 1. Primers used in the investigation of enterotoxin genes in coagulase-positive staphylococci.

Gene Primers Sequences Amplicon (pb) Ref
SEA-1 GAAAAAAGTCTGAATTGCAGGGAACA =60 4]
sed SEA-2 CAAATAAATCGTAATTAACCGAAGGTTC
. SEB-1 ACACCCAACGTTTTAGCAGAGAGTCA 633 (31]
se SEB-2 TCCTGTGCAGGCATCATGTCA -
SEC-1 GTAAAGTTACAGGTGGCAAAACTTG 297 4]
sec SEC-2 CATATCATACCAAAAAGTATTGCCGT
” SED-1 GTGGTGAAATAGATAGGACTGC 284 (2]
s SED-2 ATATGAAGGTGCTCTGTGG
SEE-1 CAAAGAAATGCTTTAAGCAATCTTAGGC
see 482 [14]

SEE-2 CACCTTACCGCCAAAGCTG
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Table 1. Cont.

Gene Primers Sequences Amplicon (pb) Ref
w SEG-1 AATTATGTGAATGCTCAACCCGATC o1 (53]
8 SEG-2 AAACTTATATGGAACAAAAGGTACTAGTTC .
o SEH-1 CAATCACATCATATGCGAAAGCAG 376 (53]

SEH-2 CATCTACCCAAACATTAGCACC
i SEL-1 CTCAAGGTGATATTGGTGTAGG =76 (4]
SEL-2 AAAAAACTTACAGGGAGTCCATCTC
. SEJ-1 TAACCTCAGACATATATACTTCTTAACG 300 (4]
¢ SEJ-2 AGTATCATAAAGTTGATTGTTTTCATGCAG

2.6. Enumeration of Total Coliforms and Escherichia coli

The homogenates and serial decimal dilutions prepared as described in item 2.5 were
plated (1 mL) on EC Petrifilm®plates (3M, Sumaré, Brazil) and incubated at 35 °C £ 1 °C
for 24 £ 2 h. Red and blue colonies with gas were enumer-ated, obtaining the counts
of total coliforms/g. The EC plates were re-incubated at 35 °C £ 1 °C for an additional
24 + 2 h, and the colonies with a bluish color and gas were counted as E. coli/g. Both
results were expressed as CFU/g.

3. Results
3.1. Salmonella spp. and Listeria monocytogenes

The use of the ISO methodologies indicated the presence of Salmonella spp. and
Listeria monocytogenes in one and three samples, respectively. When PCR was applied to
the pre-enrichment broths, Salmonella spp. was evidenced in eight cheese samples and
Listeria monocytogenes in twelve samples. The samples that tested positive using the culture
methods were among the samples that tested positive using PCR.

Of the Salmonella spp.-positive samples, five were from Serra da Canastra (Al11, A39,
A55, A60, and A61); one was from Patos de Minas (A53); one was from Araxa (A54); and
one was from Serro (A4).

Listeria monocytogenes was found in six samples from Serra da Canastra (A12, A31,
A43, A76, A77, and A83), two from Serro (A14 and A87), one from Araxa (A3), one from
Salitre (A13), one from Cerrado Mineiro (A16), and one from Patos de Minas (A51).

3.2. Coagulase-Positive Enterotoxigenic Staphylococci

The majority of the samples presented counts of coagulase-positive staphylococci
below 10? CFU/g. In 35% of the cheese samples, the counts ranged from 1.9 x 102 to
6.7 x 10° CFU/g. In 32% of the samples, the counts surpassed the limit of 10> CFU/g,
which was set by the Brazilian regulation for cheeses in a retail environment [19].

All the tested coagulase-positive staphylococci isolates (n = 159) presented at least
one enterotoxin gene. The seh and seg genes were the most prevalent, found in 88.7% and
74.8% of the tested isolates, respectively, which corresponded to 94.3% and 97.1% of the
cheeses containing coagulase-positive staphylococci, respectively, and to 33% and 34%
of the Minas artisanal cheeses included in this study, respectively. The genes related to
classical enterotoxins (seq, seb, sec, sed, and see) were less frequent or were absent altogether:
sea, seb, sec, and see were detected in 17% of the isolates, which corresponded to 14% of the
studied cheeses, and none of the tested isolates presented the sed gene.

3.3. Total Coliforms and Escherichia coli

The range of counts of total coliforms was wide: they varied from 20 to 2.8 x 10" CFU/g.
In 10% of the samples, the counts of E.coli were above 10° CFU/g, which is the limit set by
the Brazilian regulation for this type of cheese in a retail environment [19].

Most of the Minas artisanal cheese samples that tested positive for Salmonella spp.
(87.5%) also tested positive for total coliforms, E. coli, and coagulase-positive staphylococci
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(Table 2), while the majority of positive samples for L. monocytogenes were negative for total
coliforms, E. coli, and staphylococci (Table 3).

Table 2. Hygiene indicators in Salmonella spp.-positive Minas artisanal cheese samples.

Cheese Counts (CFU/g)
Sample Total Coliforms E.coli Coagulase-Positive Staphylococci
A4 <10 <10 <10
All 1.0 x 102 <10 1.9 x 103
A39 2.0 x 10* 8 x 102 1.0 x 10*
A53 25 x 10° 2.3 x 103 <10
A54 <10 <10 2.0 x 102
A55 4.3 x 102 85 <10
A60 <10 <10 2.6 x 10°
A61 35 x 10° 44 % 10% 6.5 x 10*

Table 3. Hygiene indicators in Listeria monocytogenes-positive Minas artisanal cheese samples.

Cheese Counts (CFU/g)

Sample Total Coliforms E.coli Coagulase-Positive Staphylococci
A3 1.1 x 108 <10 8.8 x 10*
Al12 <10 <10 <10
A13 <10 <10 <10
Al4 <10 <10 <10
Al6 <10 <10 <10
A31 <10 <10 <10
A43 <10 <10 <10
A51 3.0 x 10° <10 <10
A76 1.1 x 10? 1.1 x 10? <10
A77 <1 <10 <10
A83 <10 <10 <10
A87 <10 <10 <10

4. Discussion

Raw milk cheeses constitute an rich environment for a variety of contaminant mi-
croorganisms [34]. The occurrence of Salmonella spp. in artisanal cheeses is a consequence
of contaminated raw milk or direct contact with infected animals and humans during
processing. In retail environments, lack of hygiene is another factor that contributes to the
occurrence of this pathogen in cheeses [25,26]. In this study, Salmonella spp. was detected
in a small number of cheese samples (one, when the culture method was used, and eight,
when PCR was applied). Despite being manufactured with raw milk and being exposed
to opportunities for contamination during manufacturing and post-processing, the low
occurrence can be explained by the diverse microbiota in these products where production
of antimicrobial compounds, such as bacteriocins and organic acids, can be expected [35].

Most of the Minas artisanal cheese samples that tested positive for Salmonella spp. also
tested positive for total coliforms, E. coli, and coagulase-positive staphylococci (Table 2),
evidencing the relationship between hygiene failure indicators and the probability of
detection of Salmonella spp. Results of this study reinforce that good manufacturing and
handling practices must be adopted not only during the production of the cheese but also
in retail environments where the cheese is stored, displayed, and maintained for sale.

The occurrence of L. monocytogenes in the tested samples was also low. Despite
being ubiquitous, the low occurrence detected by the ISO (3%) and PCR (12%) methods
can be attributed to the lactic acid bacteria present in the cheese samples. Lactic acid
bacteria are capable of producing lactic acid and other antilisterial metabolites, such as
hydrogen peroxide, diacetyl, L. reuteri, and bacteriocins, even during cold storage [36].
Total coliforms are known as important competitors for L. monocytogenes, and when present
in high populations in cheeses, they can interfere with the detection of pathogens [17].
Additionally, the detection of L. monocytogenes may be affected by the presence of other
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species of Listeria, especially L. innocua, which has a faster growth rate and may negatively
impact the laboratory detection of L. monocytogenes [17].

The occurrence of L. monocytogenes in cheeses is related to its ability to survive and/or
multiply in these products and in the cheese-processing environment, which results in the
formation of persistent biofilms [16]. When cleaning and sanitation procedures are inade-
quate, L. monocytogenes can colonize and persist in food processing plants for years [17].
After colonization, L. monocytogenes can easily spread through contaminated contact mate-
rials, inadequate personnel movement, and food workflows [16].

The lack of hygiene at the retail level is another factor that contributes to the occurrence
of L. monocytogenes in cheeses. Handling procedures, such as cutting an entire wheel
of cheese into smaller portions or slicing it for sale, present additional risks of cross-
contamination by compromising the traceability as one single contaminated cheese wheel
can be cut several times before reaching the consumer [25,26]. In this sense, the study
of Oxaran et al. [17] indicated that L. monocytogenes was absent in samples of mozzarella
cheese when collected directly from the producers, but the samples were positive when
collected from retail stores (18.8%) after slicing. Gaulin et al. [15] reported that pasteurized
milk cheese contaminated with L. monocytogenes was the cause of a large outbreak in 2008
in Quebec, Canada. Wide cross-contamination was evidenced when the same strain was
isolated from the environment of the cheese processing factory, from the environment of
the retailers selling the cheese, as well as from different batches of the cheese.

The majority of the samples that tested positive for L. monocytogenes was negative for
total coliforms, staphylococci, and E. coli (Table 2), which corroborates studies that indicate
the strong competition between these microorganisms: when present in large quantities,
the probability of detecting L. monocytogenes is lower [36].

The higher positivity outcome for Salmonella spp. and L. monocytogenes in cheeses when
the pathogens were investigated using real-time PCR applied to the pre-enrichment broths
versus using conventional culture methods can be explained by the greater sensitivity and
specificity of the PCR method [37]. Low populations of pathogens in food in association
with the sublethal injury caused by processing, in addition to competition with other
bacteria, make their detection more difficult when conventional cultivation methods are
employed [36].

In 32% of the samples, the counts of coagulase-positive staphylococci were above
103 CFU/g, i.e., these samples were in disagreement with the Brazilian federal legisla-
tion that establishes this maximum limit (M) for cheeses in retail environments [19]. All
coagulase-positive staphylococci isolates were identified as Staphylococcus aureus.

The occurrence of Staphylococcus aureus in the Minas artisanal cheese samples was
expected since this genus is frequently detected in bulk tank milk, and it has also been
found in the skin and mucous membranes of animals and humans, the surfaces of dairy
equipment, and the milking environment [8]. Artisanal cheese production, in particular, is
characterized by frequent manipulation, increasing the transfer potential of Staphylococcus
spp. from employees, utensils, and equipment to the final products [1]. For these reasons,
Staphylococcus spp. is considered a good indicator of whether proper handling and manu-
facturing practices are maintained during cheese processing [25]. The favorable, intrinsic
conditions encountered in the cheeses, such as pH, water activity, and NaCl concentration,
favor the growth of Staphylococcus spp. [9,18].

Although controversial, the capability of producing enterotoxins and coagulase has
always been associated with the pathogenic potential of Staphylococcus spp. [8]. Therefore,
official guidelines in Brazil and other countries consider the counts of these microorganisms
as a safety benchmark [19,20], where high counts indicate hygiene failures during cheese
production or marketing and a possible health risk for consumers. The presence of at
least one enterotoxin gene in the S. aureus isolates was not a surprise, as previous studies
conducted with Brazilian artisanal cheeses have reported similar results [7,18]. However,
the high prevalence of genes encoding non-classical enterotoxins, notably seg and sek, is
noteworthy, suggesting a possible switch in the enterotoxigenic profile of the coagulase-
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References

positive staphylococci in these cheeses. Other studies have also reported that the seh gene
was the most frequent in the Staphylococcus aureus isolated from Canastra cheese [14].

Brazilian federal legislation does not establish limits for total coliforms in cheeses
in retail environments because coliform bacteria are not a well-defined group of bacteria,
and their associations with pathogens or with the safety of cheeses were ruled out long
ago. However, high counts of total coliforms may represent a major burden for producers
because coliform bacteria are associated with specific quality characteristics of cheeses,
such as pH [38].

In contrast, Escherichia coli is a human fecal commensal and representative of the
intestinal environment, and it is considered a good indicator of fecal contamination [34].
Thus, detection of E. coli in Minas artisanal cheese samples indicates poor hygiene in retail
environments, and its presence may represent a risk factor to consumer health [39]. E. coli
was detected in 31% of the Minas artisanal cheese samples, with counts between 10 and
2.5 x 107 CFU/g, and in 10% of the samples, the counts exceeded the limit established
by the federal legislation for cheeses at retail locations (103 CFU/g). A large percentage
(63.3%) of samples that tested positive for total coliforms were also positive for E. coli.
Trmcic et al. [38] observed that the predicted chances of finding the Escherichia species in
cheeses prepared with raw milk with high counts of total coliforms were 13.9 times greater
than in cheeses manufactured with pasteurized milk.

5. Conclusions

This study presents another snapshot of the microbiological characteristics of the
most popular artisanal cheese available on the market in the city of Sdo Paulo. The results
of this study complement the recent systematic review published by Camargo et al. in
2021 [40], indicating that artisanal cheeses produced in Brazil still do not satisfactorily
meet the microbiological criteria established by regulators, mainly due to the high counts
of coagulase-positive Staphylococcus and total coliforms. Despite the low prevalence of
Salmonella spp. and Listeria monocytogenes, the results reinforce that safety and quality
management tools, such as good hygiene practices and HACCP, must be applied not only
at the production level but also in retail environments in order to reduce the possible risks
to consumer health, particularly for people belonging to high-risk groups, such as the
elderly, pregnant people, and the immunocompromised.
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