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RESUMO

ANDRETTA, Milimani, M.Sc., Universidade Federal de Vigosa, fevereiro de 2019.
Queijo artesanal do Serro produzido no Brasil tem seguranca microbioldgica para
consumidores. Orientador: Luis Augusto Nero. Coorientador: Ricardo Seiti Yamatogi.

Queijo Minas Artesanal tem importancia socioeconOmica, histérica e cultural, sendo
fabricado a partir de técnicas transmitidas de geracdo em geracdo e denominado de
acordo com sua regido de origem, como Serro, Salitre, Campos das Vertentes, Canastra,
Araxé e Triangulo. Por serem amplamente manipulados, estdo sujeitos a contaminagdo
microbioldgica durante a fabricacdo. Este produto possui uma legislacio especifica, que
regula a producdo, inspecdo e venda a varejo. A pesquisa bacterioldgica é essencial na
producdo de alimentos seguros, uma vez que muitas vezes permite entender as
condig¢des higiénicas da produgdo. O objetivo do presente estudo foi avaliar a seguranca
microbiolégica de queijos artesanais produzidos na regido do Serro, Minas Gerais,
Brasil, avaliando o desempenho do Petrifilm™ STX para enumeracdo de
Staphylococcus spp. Um total de 53 amostras de queijo artesanal de Serro foram
coletadas e submetidas a pesquisa de Listeria monocytogenes e Salmonella spp. e
enumeracdo de Staphylococcus spp. As amostras de queijos e isolados de
Staphylococcus obtidos foram submetidos a PCR para pesquisas genes relacionados as
enterotoxinas estafilocdcicas clédssicas (SEA, SEB, SEC, SED e SEE) e ELISA para
detectar a presenca dessas enterotoxinas. Nenhuma amostra apresentou resultado
positivo para Salmonella spp. e L. monocytogenes. As contagens foram varidveis para
Staphylococcus spp., dependendo do protocolo de enumeragdao adotado, mas de maneira
geral, elas foram significativamente maiores com Baird-Parker quando comparados ao
Petrifilm ™ STX (p < 0.05). Nenhuma das amostras apresentou resultado positivo para
a presenca de enterotoxinas, € ndo apresentou amplificacdo de produtos de PCR para as
enterotoxinas cldssicas. Os isolados de S. aureus também ndo apresentaram os genes
relacionados as enterotoxinas estafilocdcicas. Os resultados indicaram condigdes
higi€nicas deficientes na producdo de queijo, devido as altas frequéncias de amostras
que apresentaram contagens de Staphylococcus coagulase positiva superiores ao
permitido pela legislacdo. No entanto, um status de seguranca microbioldgica das
amostras foi registrado devido a auséncia de patégenos e toxinas comuns de origem
alimentar frequentemente envolvidos em riscos associados a queijos produzidos com

leite cru.
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ABSTRACT

ANDRETTA, Milimani, M.Sc., Universidade Federal de Vigosa, February, 2019. Serro
Artisanal Cheese produced in Brazil has a Microbial Safety status for consumers.
Advisor: Luis Augusto Nero. Co-advisor: Ricardo Seiti Yamatogi.

Artisanal Minas cheese has socioeconomic, historical and cultural importance, being
produced with techniques transmitted from generation to generation. It is named
according to their region of origin, such as Serro, Salitre, Campos das Vertentes,
Canastra, Araxd and Tridngulo. The cheeses are extensively handled and subjected to
microbiological contamination during production. This product has specific legislation,
which regulates the production, inspection and retail sale. Bacteriological research is
essential in the production of safe food, since it often allows to understand the hygienic
conditions of production. The objective of the present study was to evaluate the
microbiological safety of artisanal cheeses produced in the region of Serro, Minas
Gerais, Brazil, evaluating the performance of Petrifilm™ STX for enumeration of
Staphylococcus spp. A total of 53 samples of artisanal cheese from Serro were collected
and subjected to the research of L. monocytogenes and Salmonella spp. and enumeration
of Staphylococcus spp. Artisanal cheese samples and the obtained Staphylococcus
isolates were submitted to PCR to search for genes related to classical staphylococcal
enterotoxins (SEA, SEB, SEC, SED and SEE) and ELISA to detect the presence and
production of these enterotoxins. None sample presented positive results for Salmonella
spp. and L. monocytogenes. Staphylococcus spp. counts were variable, depending on the
enumeration protocol adopted, but in general, counts were significantly higher with
Baird-Parker when compared to Petrifilm™ STX (p < 0.05). None of the samples
presented a positive result for the presence of enterotoxins, nor amplification of PCR
products for the classic enterotoxins. S. aureus isolates did not produced staphylococcal
enterotoxin nor presented the enterotoxin-related genes. The results indicated poor
hygienic conditions in the production of cheese, due to the high frequencies of samples
that presented coagulase positive Staphylococcus counts higher than the limits allowed
by the current legislation. However, a safety status of the samples was recorded due to
the absence of common foodborne pathogens and toxins, often described as common

hazards associated with cheeses made from raw milk.
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1. INTRODUCAO

O queijo possui fatores intrinsecos e extrinsecos que permitem a multiplicacio de
micro-organismos. Diversos grupos de micro-organismos podem estar presentes em
queijos: os desejdveis, como bactérias laticas, conferem caracteristicas sensoriais aos
produtos; porém, patégenos podem contaminar esses produtos em diferentes etapas da
cadeia produtiva e causar efeitos adversos a saide dos consumidores. Dentro deste
ultimo grupo, Salmonella spp., Listeria monocytogenes e toxinas produzidas por
Staphylococcus spp. estdo frequentemente associados com toxi-infeccdes associadas ao
consumo de alimentos contaminados.

A intoxicacdo estafilococica tem sido relacionada ao consumo de queijos
artesanais contaminados produzidos com leite cru. Nos Estados Unidos, S. aureus estd
ranqueado como quinto patdégeno com maior incidéncia em surtos (CDC 2015). Na
Europa, o grupo das toxinas (toxinas estafilocdcicas, juntamente com toxinas
produzidas por Bacillus e Clostridium) € o segundo maior causador de surtos associados
ao consumo de alimentos contaminados (EFSA, 2017).

No Brasil, de acordo com a Agéncia Nacional de Vigilancia Sanitaria (ANVISA,
2017), 70,6% dos surtos ocorridos entre 2007 a 2017 sdo de etiologia desconhecida, e
dos surtos causados por bactérias, S. aureus foi identificado o terceiro agente etiolgico
com maior prevaléncia. Os sintomas que caracterizam a intoxicacdo sdo nduseas,
vOmitos, dores abdominais, diarreia e podem aparecer algumas horas depois da ingestdao
do alimento contaminado pelas toxinas estafilocécicas.

As principais fontes de contaminacido do leite cru sdo a pele e mucosas dos
animais ou manipuladores, equipamentos de ordenha e ambiente leiteiro. Sanidade dos
animais e higiene dos manipuladores durante as atividades de ordenha sdo fundamentais

para assegurar a qualidade da matéria prima a ser utilizada para a producdo dos queijos,



principalmente queijos artesanais produzidos com leite cru. Atualmente, recomenda-se
que as contagens de Staphylococcus coagulase positiva sejam menores que 1,0 x 10*
UFC/g em queijo Minas Artesanal. Além disso, Salmonella spp., Listeria
monocytogenes devem estar ausentes em 25 g do produto.

A presenca de S. aureus ndo indica que o queijo Minas Artesanal estd improprio
para consumo. No entanto, a identificacdo desses isolados e caracterizacdo do seu
potencial enterotoxigénico € importante para atestar a inocuidade dos produtos
comercializados. Por outro lado, a auséncia de S. aureus no alimento também ndo
garante a inocuidade do mesmo, sendo necessdrio identificar a presenca de
enterotoxinas, que podem ter sido produzidas pelo patégeno durante a produgdo e que
permaneceram no alimento.

Considerando as recentes atualizacdes nas leis que regulamentam a producio,
inspecdo e comercializacdo de queijos artesanais no Brasil, o presente estudo teve como
objetivo avaliar a inocuidade dos queijos artesanais produzidos na regido do Serro,
comparar o método oficial de enumeracdo de Staphylococcus spp. com uma
metodologia alternativa, e identificar o potencial enterotoxigénico de isolados

identificados como Staphylococcus spp.



2. REVISAO BIBLIOGRAFICA

2.1. Queijo Minas Artesanal

Segundo o decreto 44.864 de 1° de agosto de 2008, que altera a lei 14.185
(MINAS GERALIS, 2008), Queijo Minas Artesanal (QMA) é aquele elaborado a partir
do leite cru integral, na propriedade de origem do leite, assentamentos ou grupos de
produtores. O QMA deve ser produzindo utilizando como ingrediente o pingo (soro-
fermentado originado do dessoramento de queijos produzidos no dia anterior e utilizado
como fermento), coalho, sal, submetido a prensagem manual e maturado entre 17 e 22
dias (EMATER, 2017).

A producdo de queijos no Brasil surgiu durante o periodo colonial (em meados
do século XVIII) como principal forma de conservagdo do leite e preservacdo dos seus
nutrientes. Segundo dados da Empresa de Assisténcia Técnica e Extensdo Rural do
Estado de Minas Gerais (EMATER — MG, 2017), mais de nove mil familias sdo
responsaveis pela producdao de 220 mil toneladas de QMA por ano em sete regides
tradicionais do Estado de Minas Gerais (Figura 1). Devido a sua importancia cultural e
econdmica, o QMA foi reconhecido como Patrimdnio Histérico de Minas Gerais pelo
Instituto de Patrimdnio Historico e Artistico Natural (IPHAN, 2008).

Independente da regido, a tecnologia utilizada para a producdio de QMA ¢
semelhante, isso porque o objetivo inicial era realizar o mesmo processamento do queijo
trazido pelos Portugueses. As diferencas entre as regides sdo determinadas pelo
fermento enddgeno, condicdes geograficas, clima e pastagem, entre outros fatores. A
utilizacao do “pingo” se estabeleceu devido a necessidade de conservar o fermento, uma
vez que as propriedades eram de dificil acesso (BRUMANO, 2016). Assim como em

outras regides, o queijo também chegou com a “trilha do Ouro” na regido do Serro,



porém, foi apenas em meados do século XIX, com a abertura da estrada de rodagem
Serro — Belo Horizonte, que o queijo do Serro se consolidou, propiciando a
comercializacdo para todo o Estado de MG (PIRES et al.,, 2013). Além de ser
considerado Patrimdnio Histérico Imaterial pelo IPHAN, o Instituto Nacional de
Propriedade Industrial (INPI, 2011) concedeu a 11 municipios da regido do Serro o
titulo de Indicacdo Geografica (IG), como forma de reconhecimento por serem
referéncia na Fabricacdo de Queijo Artesanal tipo Serro, valorizando ainda mais o

produto da regiao (BRUMANO, 2016).
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Figura 1: Mapa das sete regides produtoras de Queijo Minas Artesanal no estado de Minas Gerais: Serro,
Salitre, Campos das Vertentes, Canastra, Araxd e Triangulo. Fonte: Portal do queijo, disponivel em:

https://portaldoqueijo.com.br/noticias/2017/07/11/

2.2. Perigos microbiologicos em queijos artesanais

Queijos artesanais tem importancia socioecondmica, histérica e cultural, sendo
fabricados a partir de técnicas transmitidas de geracdo em geracdo. Por serem
amplamente manipulados, os queijos artesanais estdo sujeitos a contaminagdo

microbiolégica durante a fabricagdo, e oferecem condi¢cdes adequadas para a
4
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multiplicagdo de uma variedade micro-organismos, principalmente quando produzidos
com leite cru (PINTO et al., 2008). Altas contagens bacterianas podem influenciar na
qualidade dos queijos artesanais e no tempo de prateleira do mesmo (PORCELLATO et
al., 2018).

Falhas nas boas préticas de fabricacdo (BPF) ou a presenca de patégenos na
matéria-prima sdo um risco para a saide dos consumidores, uma vez que a ingestdo de
queijos contaminados pode resultar em casos e surtos de toxinfeccdes alimentares
(LAW; TAMIME, 2011). Diversos patégenos podem contaminar oS queijos artesanais:
Bacillus cereus, Campylobacter coli e C. jejuni, Staphylococcus aureus produtor de
enterotoxina, Helicobacter pylori, Escherichia coli produtor de verotoxina (VTEC),
Yersinia enterocolitica, Listeria monocytogenes, Salmonella spp., Clostridium
botulinum, Mycobacterium bovis, Cryptosporidium parvum, Toxoplasma gondii
(CLAEYS et al., 2013).

S. aureus € uma bactéria de natureza ubiqua, que pode estar presente na pele e
mucosas de animais e humanos, superficie dos equipamentos leiteiros e ambiente de
ordenha. Na planta de producdo de queijo a origem da contaminacdo por S. aureus se da
pelos manipuladores, portanto, esse micro-organismo € considerado um bom indicador
de boas praticas de manipulacdo (BASANISI et al., 2016). As condi¢des intrinsecas do
queijo, como pH, a, e concentragdes de NaCl podem favorecer a multiplicacdo de S.
aureus (VIANA et al., 2009; BORELLI et al., 2011). Este micro-organismo possui
capacidade de produzir enterotoxinas e reconhecida resisténcia a diversas substancias
antimicrobianas, podendo causar danos a satde dos animais e humanos (ARGUDfN et
al., 2010; CARFORA et al., 2015).

A producio de enterotoxinas estafilocdcicas (Staphylococcus enterotoxins, SE) é
um dos principais mecanismos de viruléncia de S. aureus: essas proteinas sdo de baixa

massa molar, hidrossoliveis, e apresentam estrutura molecular ¢ mecanismos de acdo



semelhantes. Pertencem a familia de toxinas superantigénicas (SAgs), podendo se ligar
com moléculas do complexo de histocompatibilidade tipo II (MHCII) (ZHANG et al.,
2017). Além de serem resistentes as proteases gastrintestinais, como a pepsina e
tripsina, sdo termoestaveis; assim, mesmo que O micro-organismo seja eliminado no
processo térmico ou no suco gastrico, a enterotoxina permanece biologicamente vidvel
(ERTAS et al., 2010).

Até o momento foram identificadas 23 diferentes SE, porém 95% dos surtos
confirmados sdo devido as enterotoxinas classicas (SEA, SEB, SEC, SED e SEE)
(RAHIMI; ALIAN, 2013). As outras SE ainda ndo possuem a sua capacidade emética
comprovada e por isso sdo separadas em outros cinco grupos, de acordo com a
semelhanca da sequéncia dos aminodcidos: (i) toxina da sindrome do choque téxico
(TSST-1); (i1)) novas enterotoxinas (SEG, SEI, SER, SES); (iii) staphylococcal
enterotoxin-like - SEl - (SElJ, SElk, SEIL, SEIM, SEIN, SEIO, SEIP, SEIQ, SEIU,

SEIU,, SEIV); (iv) SET e; (v) SEH (ARGUDIN et al., 2010).

2.3. Monitoramento de Staphylococcus coagulase positiva em produtos de origem

animal

S. aureus é uma bactéria anaerdbia facultativa, se multiplica em pH de 4 a 10,
suporta temperaturas que variam de 7 a 48 °C e a,, minima de 0,83% (BIANCHI et al.,
2014). Este micro-organismo faz parte da microbiota humana, e pode estar presente nas
maos ou narinas de manipuladores de alimentos (FERREIRA et al., 2014), de forma que
a contaminag¢do do queijo pode ser dar no processamento, devido a manipulacdo
conduzida com falta de higiene (THAKER et al., 2013).

Historicamente, o potencial enterotoxigénico de Staphylococcus sempre foi

associado ao seu potencial patogénico, usualmente caracterizado pela capacidade de



produzir a enzima coagulase (RODRfGUEZ et al., 2016). Entretanto, varios surtos
relacionados a intoxicagdes por SEs foram caracterizados como sendo ocasionados por
cepas de Staphylococcus coagulase negativa, levando a estudos mais detalhados que
demonstram que a associacdo entre essas caracteristicas nio ¢ direta (CUNHA et al.,
2006; MELLO et al., 2016). Entretanto, vdrios paises ainda utilizam a enumeragdo de
Staphylococcus coagulase positiva como referencial de inocuidade para alguns
alimentos. No Brasil, o Regulamento técnico sobre padrdes microbioldgicos para
alimentos n° 12 de 02 de janeiro de 2001(ANVISA, 2001), a Instrucado Normativa n° 62
de 26 de agosto de 2003 (BRASIL, 2003) recomendam uma concentracio de 10> UEC/ g
para contagens de Staphylococcus coagulase positiva em alguns produtos l4cteos; de
acordo com o Decreto 42.645 (MINAS GERAIS, 2002), o leite cru utilizado na
fabricacdo de queijos artesanais deve ter uma concentracido maxima de 10 UFC/mL. Na
Uniao Europeia, a pesquisa de Staphylococcus coagulase positiva em queijos
produzidos com leite cru deve atender os critérios definidos no seguinte plano de
amostragem: n = 5, ¢ = 2, m = 10.000 UFC/g, e M = 100.000 UFC/g; quando
identificado algum lote que apresente alguma amostra com contagens de
Staphylococcus coagulase positiva entre os limites estabelecidos, a pesquisa de SE deve
ser realizada para avaliacdo da inocuidade desse lote (auséncia em 25 g) (UNIAO
EUROPEIA, 2005).

Para enumerar Staphylococcus spp. em alimentos, usualmente sdo utilizados
métodos microbioldgicos convencionais, onde as coldnias caracteristicas sao
enumeradas apds o plaqueamento em meios de cultura seletivos. A International
Organization Standarization 1ISO — 6888-1 (ISO, 1999a), a Instrucdo Normativa 62
(BRASIL, 2003), e United States Food and Drug Administration (FDA, 2001)
recomendam a utiliza¢io de Agar Baird-Parker (BPA) suplementado com gema de ovo

e telurito de potdssio como meio de cultura oficial para a enumeracdo de S. aureus. A



ISO — 6888-2 recomenda Rabbit Plasma Fibrinogen agar (RPFA) (ISO, 1999b), que
permite a enumeracdo direta de Staphylococcus coagulase positiva. A confirmacdo é
realizada a partir de testes bioquimicos, como colora¢do de Gram, catalase, coagulase e
DNAse (VICOSA et al., 2010).

Apesar de ser considerado “padrdo ouro” e utilizado em diversos paises, o
método preconizado pela ISO possui algumas desvantagens, como a demanda de tempo
e mao de obra para preparo de materiais (TERAMURA et al, 2015). Assim, nas tltimas
décadas, surgiram meios de cultura e métodos alternativos, com objetivo de compensar
as limitacdes dos métodos convencionais para a enumeracdo de S. aureus em alimentos
(Buyser et al., 2003). Métodos mais préticos e simples foram criados, que requerem
uma menor demanda de material, tempo e espaco (NERO,et al., 2000). O Sistema
Petrifilm™ (3M Microbiology, St. Paul, MN, USA) ¢ um método alternativo composto
por um sistema de filme duplo com nutrientes desidratados e um composto gelificante
solivel em &dgua fria. O dgar Baird-Parker modificado presente no sistema € seletivo
para algumas espécies de Staphylococcus coagulase positiva, e para confirmar S. aureus
em todas as colOnias suspeitas, utiliza-se um disco Petrifilm Staph Express Disk (3M
Microbiology, St. Paul, MN, USA). Essa metodologia permite a identificacdo de
Staphylococcus DNAse positiva, e pressupde que essa caracteristica tenha uma
associagdo direta com a capacidade das cepas em produzir SE.

A deteccdo de S. aureus em alimentos também pode ser realizada através da
técnica de PCR (Polymerase Chain Reaction) que permite amplificar as sequéncias alvo
de DNA do micro-organismo. A PCR apresenta diversas vantagens em relacdo a outras
técnicas, € rdpida, sensivel e especifica. No entanto, ndo € possivel de demonstrar
efetivamente a presenca das enterotoxinas, o que acaba se tornando um fator limitante.
Como a presenca da bactéria ndo indica necessariamente a presenga de enterotoxinas,

criou-se métodos para deteccdo e quantificacdo de toxinas. A concentragdo de SE € um



fator limitante da maioria dos métodos, e o Enzime-linked Immunosorbent Assay
(ELISA) é o método imunoldgico mais utilizado (VICOSA, 2012). Existem kits ELISA
para a deteccdo de SEs em sobrenadantes de culturas e em alimentos, como o queijo. O
teste baseia-se na reacdo dos anticorpos imobilizados na placa com as SE presentes na
amostra (WU et al., 2016). Apesar de ser uma ferramenta rdpida e de fécil leitura (visual
ou por espectrofotometria), os kits ELISA disponiveis no mercado permitem apenas a
deteccao das cinco principais SE (SEA, SEB, SEC, SED e SEE), podendo esse ser um
fator limitante na deteccdo de surtos (VICOSA, 2012). Dessa forma, € necessdrio
verificar concomitantemente a presenca do isolado e sua expressdo génica,

determinando o potencial que os isolados t€ém de causar a enfermidade.
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3. OBJETIVOS

3.1. Objetivo Geral

O presente estudo teve como objetivo avaliar a inocuidade do Queijo do Serro — Serro,
MG e caracterizar o potencial enterotoxigénico de isolados de Staphylococcus spp.

obtidos das amostras analisadas.

3.2. Objetivos especificos
e Avaliar a inocuidade de amostras de Queijo do Serro;
o Pesquisa de Salmonella;
o Pesquisa de Listeria spp.;
o Pesquisa de enterotoxinas estafilocdcicas
e Caracterizar fenotipicamente os isolados de Staphylococcus spp. provenientes de
amostras de Queijo do Serro — Serro, MG;
e Comparar o desempenho de dois diferentes sistemas de enumeragdo de
Staphylococcus spp.;
e Investigar a presencga de genes de enterotoxinas estafilocdcicas nos isolados;

e Avaliar a capacidade de produc¢do de enterotoxinas.
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ABSTRACT

Artisanal Minas cheese has socioeconomic, historical and cultural importance, being
produced with techniques transmitted from generation to generation. It is named
according to their region of origin, such as Serro, Salitre, Campos das Vertentes,
Canastra, Araxd and Tridngulo. The cheeses are extensively handled and subjected to
microbiological contamination during production. This product has specific legislation,
which regulates the production, inspection and retail sale. Bacteriological research is
essential in the production of safe food, since it often allows to understand the hygienic
conditions of production. The objective of the present study was to evaluate the
microbiological safety of artisanal cheeses produced in the region of Serro, Minas
Gerais, Brazil, evaluating the performance of Petrifilm™ STX for enumeration of
Staphylococcus spp. A total of 53 samples of artisanal cheese from Serro were collected
and subjected to the research of L. monocytogenes and Salmonella spp. and enumeration
of Staphylococcus spp. Artisanal cheese samples and the obtained Staphylococcus
isolates were submitted to PCR to search for genes related to classical staphylococcal
enterotoxins (SEA, SEB, SEC, SED and SEE) and ELISA to detect the presence and
production of these enterotoxins. None sample presented positive results for Salmonella
spp. and L. monocytogenes. Staphylococcus spp. counts were variable, depending on the
enumeration protocol adopted, but in general, counts were significantly higher with
Baird-Parker when compared to Petrifilm ™ STX (p < 0.05). None of the samples
presented a positive result for the presence of enterotoxins, nor amplification of PCR
products for the classic enterotoxins. S. aureus isolates did not produced staphylococcal
enterotoxin nor presented the enterotoxin-related genes. The results indicated poor
hygienic conditions in the production of cheese, due to the high frequencies of samples
that presented coagulase positive Staphylococcus counts higher than the limits allowed
by the current legislation. However, a safety status of the samples was recorded due to
the absence of common foodborne pathogens and toxins, often described as common
hazards associated with cheeses made from raw milk.

Key-Words: L. monocytogenes, Salmonella sp.; Staphylococcus sp., handling
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INTRODUCTION

The consumption of artisanal cheeses is increasing worldwide, due to consumers
demand for natural and non-added of chemicals foods, and to valorization of cultural
and historical aspects of different countries (CLAEYS et al., 2013). The cheeses
produced in Minas Gerais state are probably the oldest and more traditional artisanal
products made in Brazil, and they are named according to their origin region, such as
Serro, Salitre, Campos das Vertentes, Canastra, Araxd and Tridngulo (DORES;
FERREJRA, 2012). The production of these artisanal cheeses has a socioeconomic
relevance for the dairy farmers, leading to an official support from Minas Gerais state
government that established in 2002 specific guidelines for production, including health
of the producing animals, hygiene during production and microbiological parameters for
quality and safety of end products (MINAS GERAIS, 2002). Also, Minas artisanal
cheeses were recognized as a Brazilian Historical Patrimony (IPHAN, 2008), and the
cheeses produced in Serro region received an indication of Geographic Origin
Denomination (INPI, 2011), improving their valorization in retail sale.

Serro artisanal cheeses (SAC) are produced with raw milk and subjected to
ripening for 17 to 22 days, resulting in a semi-hard cheese with a compact texture, white
to yellowish, salty and characterized by presenting flower notes and a spicy flavor
(EMATER, 2017). Despite being very well accepted by consumers, SAC has a limited
number of scientific studies that assess its quality and safety; in general, it is accepted
that the SAC production lacks standard procedures, resulting in poor hygiene quality of
the end products (BRANT et al., 2007). This scenario rouses the development of proper
scientific studies that aim the assessment of the microbiological characteristics of SAC,
in order to generate reliable data that can support the enhancement of SAC quality and

safety.
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As SAC is produced with raw milk, it is susceptible to contamination by
pathogenic bacteria that can pose as potential hazards and risks to human health
(NERO; CARVALHO, 2019). A variety of foodborne pathogens can pose as potential
hazards associated to artisanal foods, and intoxication by enterotoxins produced by
Staphylococcus is commonly associated to consumption of raw milk cheeses (CLAEYS
et al., 2013). Staphylococcus spp. are naturally present in mammals skin and mucosa,
and it is often associated to mastitis in dairy cattle (NOVAKOVIC; GRUJIC, 2017).
High Staphylococcus counts can be considered as a good indicative of poor handling
practices (JOHLER et al., 2018). Despite this characteristic, some Staphylococcus stains
can be able to produce enterotoxins; once produced, the enterotoxins are not destroyed
by any heat treatment in the dairy industry, remaining active and the becoming the
causative agent of staphylococcal food poisoning (WASSENBERG et al., 2010;
HASAN et al., 2014).

Thus, monitoring Staphylococcus spp. populations is important to assure the
quality and safety of dairy products, including artisanal cheeses. The ability of
producing enterotoxins was usually associated to virulence features of Staphylococcus,
like the coagulase and DNAse (HAAS et al., 2014). Because of this supposed
association, enumeration protocols usually consider the quantification of coagulase or
DNAse positive Staphylococcus (ISO 1999, FDA 2001, BRASIL 2003). However,
nowadays it is a consensus that it is necessary the detection of enterotoxins, as well as
the research of the enterotoxigenic potential of the Staphylococcus strains, to assure the
safety of the artisanal cheeses.

Based on the significance of artisanal cheeses safety and the relevance of
Staphylococcus in this product, the present study aimed to assess the microbial safety of
SAC. Special attention was dedicated to the characterization of the enterotoxigenic

potential of Staphylococcus strains isolated from SAC.
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MATERIAL AND METHODS

Samples and dilutions

A total of 53 SAC samples was collected from different producers and kept under
refrigeration until microbiological analysis. Then, portions of 25 g of each sample was
aseptically collected and transferred to sterile bags added with 225 mL of citrate solution

(0.85%, w/v) and ten fold diluted in NaCl 0.85% (w/v).

Listeria monocytogenes

L. monocytogenes was assayed based on WHER; FRANK (2004). Portions of 25 g of
each sample were transferred to sterile bags, added with 225 mL of Listeria Enrichment
Broth (Oxoid Ltd., Basingstoke, England) and incubated at 30 °C for 48 h. Then, the
obtained cultures were streaked onto plates containing Palcam and Oxford agars (Oxoid),
and incubated at 35 °C for 48 h. Colonies that presented suspect Listeria morphology
(small, black and surrounded by black halos) were purified on trypticase soya agar (TSA,
Oxoid), subjected to DNA extraction (Wizard Genomic DNA Purification kit, Promega
Corporation, Madison, WI, USA) and PCR assays for identification (DOUMITH et al.,
2004; HUDSON et al., 2001). Primers, product sizes and PCR conditions are detailed in

Table 1.

Salmonella spp.

The presence of Salmonella spp. was conducted based on the protocol described in ISO
6579 (ISO, 2002). Portions of 25 g of each SAC were transferred to sterile bags, added
with 225 mL of buffered peptone water (Oxoid) and incubated at 35 °C for 18 h. Then,
aliquots of the obtained cultures were transferred to Rappaport Vassiliadis (Oxoid) and

Muller Kauffmann Tetrathionate (Oxoid), followed by incubation at 41 °C and 35 °C,
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respectively, for 24 h. The obtained cultures were then streaked onto plates containing
Mannitol Lysine Crystal Violet Brilliant Green Agar (MLCB - Oxoid) and Xylose Lysine
Deoxycholate agar (XLD - Oxoid) and incubated at 35 °C for 24 h. Colonies that
presented Salmonella characteristic morphologies (MLCB: dark grey, rounded; XLD:
black centered, rounded) were purified on TSA (Oxoid) and subjected to further

biochemical tests for identification (ISO, 2002).

Staphylococcus spp.

Dilutions of SAC samples were selected and surface plated onto Baird Parker agar
(Oxoid), according to ISO 6888-1 (ISO, 1999), and Petrifilm™ STX plates (3M
Microbiology, St. Paul, MN, USA). Plates were incubated at 35 °C for 24 and 48 h, when
colonies that presented Staphylococcus spp. characteristic morphologies were enumerated
and selected for additional characterization. In Baird Parker, Staphylococcus typical
colonies were circular, smooth, convex, gray to jet-black, with a light-colored margin
surrounded by two halos: one opaque and one clear. In Petrifilm™ STX, Staphylococcus
typical colonies were circular, red purple and surrounded by a pink halo.

The selected colonies were subjected to Gram staining, and catalase, coagulase and
DNAse production (ISO, 1999). Isolates that presented biochemical characteristics
coherent with coagulase positive Staphylococcus were subjected to DNA extraction (as
described above) and a PCR assay targeting nucA, according BARON et al. (2004), for S.
aureus identification. Primers, product sizes and PCR conditions are detailed in Table 1.
Based on the obtained results, coagulase positive Staphylococcus, DNAse positive
Staphylococcus and S. aureus counts were estimated per SAC sample and adopted

method, and expressed as UFC/g.
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Staphylococcus enterotoxins

Aliquots of 10 g of the SAC were transferred to sterile bags and added with 15 mL of
PBS buffer and subjected to and Enzyme-Linked Immunosorbent Assay (ELISA) to
detect classical Staphylococcus enterotoxins (SE): SEA, SEB, SEC, SED and SEE
(Ridascreen Set Kit SEA-SEE, R-Biopharm, Darmstadt, Germany). Total DNA from
SAC samples were obtained by using the PureLink™ Microbiome DNA Purification Kit
(Invitrogen, ThermoFischer Scientific, Waltham, MA, USA) and subjected to PCR assays
targeting classical enterotoxins related genes: sea, seb, sec, sed and see (ROSEC;
GIGAUD, 2002). Primers, product sizes and PCR conditions are detailed in Table 1.
DNA from Staphylococcus isolates that presented amplification for nucA were subjected
to rep-PCR using a single primer RW3A, according the protocol described by VECCHIO
et al., (1995). Primer sequence and PCR conditions are detailed in Table 1. Based on the
recorded genetic profiles, isolates were selected and subjected to PCR assays targeting
classical enterotoxins related genes: sea, seb, sec, sed and see, as described above. Also,
the selected isolates were subjected to the ELISA to detect the same classical SEs, as

described above.

Data analysis

SAC samples were categorized based on presence of L. monocytogenes and Salmonella
spp., and counts of Staphylococcus (coagulase, DNAse and S. aureus), being compared
based on official standards from Brazil and European Union (MINAS GERAIS, 2002;
EUROPE UNION, 2005). Also, the recorded Staphylococcus counts were converted to
logip and compared considering the adopted enumeration protocol by analysis of variance
(ANOVA) and Fisher (p < 0.05). The frequencies of confirmed Staphylococcus spp.

isolates obtained considering the different enumeration protocols were compared by Chi-
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Square and Marascuilo procedure (p < 0.05). Data analysis was conducted using the

software XLLSTAT 19.01 (Addinsoft, New York, NY, USA).
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Table 1: Oligonucleotides used for identification of S. aureus, staphylococcal enterotoxins (EE), confirmation of Listeria in genus and species, both by

polymerase chain reaction (PCR).

target  primers Desnaturation (°C)  Annealing (°C) Extension (°C)  Product size (bp)  Reference

nucA"  F: TGCTATGATTGTGGTAGCCATC 95 °C, 30” 55°C, 307 72 °C, 30” 420 bp (BARON et al., 2004)
R: TCTCTAGCAAGTCCCTTTTCCA

sed’ F: ACGATCAATTTTTACAGC 95 °C, 45~ 46.2 °C, 45” 72 °C, 30” 544 bp (ROSEC; GIGAUD, 2002)
R: TGCATGTTTTCAGAGTTAATC

seb’ F: GAATGATATTAATTCGCATC 95 °C, 45” 46.2 °C, 45” 72 °C, 30" 416 bp
R: TCTTTGTCGTAAGATAAACTTC

sec’ F: GACATAAAAGCTAGGAATTT 95 °C, 45” 46.2 °C, 45” 72 °C, 30" 257 bp
R: AAATCGGATTAACATTATCCA

sed’ F: TTACTAGTTTGGTAATATCTCCTT 95 °C, 45~ 46.2 °C, 45” 72 °C, 30” 334 bp
R: CCACCATAACAATTAATGC

see’ F: ATAGATAAAGTTAAAACAAGCAA 95 °C, 45” 46.2 °C, 45” 72 °C, 30" 1,702 bp
R: TAACTTACCGTGGACCC

hly’ F: GCCTGCAAGTCCTAAGACGCCAATC 95 °C, 40” 62°C, I’ 72°C, I’ 706 bp (HUDSON et al., 2001)
R: CTTGCAACTGCTCTTTAGTAACAGC

prs’ F: GCTGAAGAGATTGCGAAAGAAG 95°C,I’ 53°C, I 72°C, 1.15° 370 bp (DOUMITH et al., 2004)
R: CAAAGAAACCTTGGATTTGCGG

sw3a® 5> TCGCTCAAAACAACGACACC 3’ 95°C, I’ 54°C, I’ 72°C, 2 (VECCHIO et al., 1995)

" PCR with initial denaturation of 95 °C for 5°, 30 cycles of denaturation, annealing and extension, final extension was done at 72 °C for 5’
*PCR with initial denaturation of 95 °C for 5°, 35 cycles of denaturation, annealing and extension, final extension was done at 72 °C for 10’
*PCR with initial denaturation of 95 °C for 5°, 40 cycles of denaturation, annealing and extension, final extension was done at 72 °C for 8’
*PCR with initial denaturation of 95 °C for 5°, 35 cycles of denaturation, annealing and extension, final extension was done at 72 °C for 7’

> rep-PCR with initial denaturation of 95 °C for 5, 40 cycles of denaturation, annealing and extension, final extension was done at 72 °C for 10’
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RESULTS AND DISCUSSION

None of the 53 SAC samples presented positive results for L. monocytogenes
or Salmonella spp.; Listeria spp. was recorded in only one sample. SOARES et al.,
(2018) also did not isolated these foodborne pathogens from artisanal cheeses
produced in Minas Gerais with different ripening times. Also, SANTOS et al., (2010)
did not observed positive results for L. monocytogenes and Salmonella spp. in SAC
samples. Contamination by pathogenic microorganisms can occur at different steps
during artisanal cheese production, being potentially originated from the raw milk
obtained from infected animals, and also from milking and producing environment
(MELO et al., 2015). In addition, raw milk cheeses contain an autochthonous rich
lactic microbiota that can be able to produce a number of antimicrobial substances,
such as organic acids, hydrogen peroxide and bacteriocins, that can inhibit the
growth of eventually present foodborne pathogens, such as L. monocytogenes and
Salmonella spp. (CLAEYS et al., 2013; YOON et a,, 2016). The results recorded for
these foodborne pathogens in SAC samples are in compliance with the current
Brazilian and European legislations that describes the microbiological standards for
artisanal cheeses (MINAS GERAIS, 2002; EUROPE UNION, 2005).

Despite the negative results for L. monocytogenes and Salmonella spp., SAC
samples presented variable results for Staphylococcus, depending on the adopted
enumeration protocol. These counts were significantly higher when the results
obtained from Baird-Parker (ISO) were compared to Petrifilm™ STX (p < 0.05,

Table 2).
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Table 2: Relationship of counts between the culture medium (Petrifilm™ Staph

Express (STX) and Baird Parker and the morphologies searched, in addition to

grouping according to the counting averages.

Method Mean count
24h 48h

Petrifilm STX - total 370+0.12° 3.81 +£0.12°
Petrifilm STX - coag 3.46+0.14° 3.57+0.13°
Petrifilm STX - DNAse 3.55+0.14° 3.64 +£0.13°
Petrifilm STX - S. aureus  3.46 £0.14°  3.55+0.13°
Baird Parker - total - 5.08 £0.10°
Baird Parker - coag - 4.64+0.12°
Baird Parker - DNAse - 477 +0.12°
Baird Parker - S. aureus - 4.57+0.12°

p < 0.05 indicates significant differences by ANOVA and Fisher F = 25.16, df = 11, p <

0.0001 Mean values + standard error (log CFU/g).

Baird-Parker agar is a selective culture medium that theoretically provides the
enumeration of Staphylococcus colonies that can present different morphologies and
demand additional biochemical tests to check their pathogenic characteristics, like
coagulase, while Petrifilm™ STX targets the direct enumeration of DNAse positive
Staphylococcus (VICOSA et al., 2010). Considering the data described in Table 3, it
was possible to identify significant differences in the frequencies of confirmatory
results for the identification of typical and atypical colonies obtained from Baird
Parker and Petrifilm™ STX; colonies from Petrifilm™ STX presented higher
frequencies of confirmed results for coagulase, DNAse and S. aureus (p < 0.05),
demonstrating that the results obtained by this protocol can be considered more
accurate than the counts obtained by Baird Parker. BOARI et al., (2002) confirmed
the ability in produce coagulase by atypical colonies from Baird Parker, while
INGHAM et al., (2003) have identified Baird Parker typical colonies that did not
produce coagulase. In addition, higher frequencies of colonies that presented typical

characteristics for lactic acid bacteria (Gram positive, catalase negative) were
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observed in Baird Parker when compared to Petrifilm™ STX (p < 0.05, Table 3),
confirming the poor selectivity of this culture medium, what can jeopardize the
precision of its Staphylococcus counts.

Based on confirmatory results for typical and atypical colonies obtained from
Baird Parker and Petrifilm™ STX, SAC samples were categorized based on their
estimated Staphylococcus counts (coagulase, DNAse and S. aureus, Table 4). Based
on the reference values from current legislation, raw milk cheeses ideally must
present coagulase positive Staphylococcus counts below 10* CFU/g (MINAS
GERAIS, 2002); both Baird Parker and Petrifilm™ STX allowed similar
categorization of SAC samples in the present study (Table 4). However, considering
the reference values from current European legislation (10 CFU/g for coagulase
positive Staphylococcus (EUROPE UNION, 2005), Baird Parker counts indicated a
higher number of SAC samples with counts above this limit when compared to
counts obtained by Petrifilm™ STX (Table 4). Similar patterns were observed for
DNAse Staphylococcus and S. aureus counts (Table 4). Despite the higher precision
of Staphylococcus counts obtained by Petrifilm™ STX, the counts recorded by using
Baird Parker must be considered as reference to assess the microbiological quality
and safety of the SAC samples, once it is included in the official enumeration
protocols (MINAS GERAIS, 2002). These data indicate the high contamination by
Staphylococcus in the SAC samples included in this study, in agreement with similar
studies with artisanal cheeses (BRANT et al., 2007; DORES et al., 2013; DIAS et al.,

2016; VINHA et al., 2018).
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Table 3: Frequencies of isolates characterized morphologically, according to the culture medium and with their morphological characteristics.

Culture medium Colony morphology n Gram positive cocci, catalase Gram positive,
positive catalase negative
Coagulase DNAse S. aureus
Baird Parker typical 155 75 (48.4%)° 96 (61.9%)° 54 (34.8%)" 27 (17.4%)°
atypical 711 275 (38.7%)° 331 (46.6%)° 262 (36.8%)" 286 (40.2%)"
Petrifilm STX typical 185 141 (76.2%)" 168 (90.8%)" 137 (74.1%)" 2 (1.1%)°
atypical 113 17 (15.0%)° 23 (20.4%)" 13 (11.5%)° 53 (46.9%)"
Statistics™* Chi-Square 125.9 171.4 132.2 130.8
Degrees of Freedom 3 3 3 3
p <0.001 <0.001 <0.001 <0.001

* For each group, frequencies followed by different uppercase letters are significantly different by Marascuilo Procedure
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Table 4: Number of samples that presented Staphylococcus counts within their respective

ranges obtained by Baird Parker and Petrifilm™ STX (CFU/g).

Counts (CFU/g) Baird Parker Petrifilm™ STX
CPS DNAse  S. aureus CPS DNAse S. aureus

<100 12 11 14 18 15 18

100 - 1,000 1 1 0 10 9 12

1,000 - 10,000 6 3 6 15 15 13
10,000 - 100,000 20 21 19 8 12 8

> 100,000 14 17 14 2 2 2

Total 53 53 53 53 53 53

CPS: coagulase positive Staphylococcus

Based on European legislation, only artisanal cheese batches that present
samples with coagulase positive Staphylococcus counts higher that 10* CFU/g must
be assayed for the presence of SEs (EUROPE UNION, 2005). Also, some studies
suggest that SEs are present in cheese samples with coagulase positive
Staphylococcus counts higher that 10° CFU/g (PELISSER et al., 2009; CIUPESCU
et al., 2018). Up to date, there is no legislation in Brazil that indicates the research of
SEs in artisanal cheeses (ANVISA, 2001; MINAS GERAIS, 2002; BRASIL, 2003).
Independently of the Staphylococcus counts, all SAC samples were subjected to the
ELISA assay to detect the presence of SEs. Despite the SAC samples presented
relative high counts of Staphylococcus (Tables 2 and 4), none of them presented
positive results for the presence of the classical SEs assayed by ELISA, nor
presented amplification of PCR products for the sea, seb, sec, sed and see. These
results indicate that the SAC samples did not pose as a direct risk related to SEs for
consumers, as well (ROLA et al., 2013; JOHLER et al., 2015) did not found SE at
different stages of production of raw milk cheese, even at the end products.

The safety aspect related to SEs in the SAC samples were confirmed by the
analysis of enterotoxigenic production and potential by the obtained Staphylococcus

isolates. A total of 350 colonies from Baird Parker and 158 from Petrifilm™ STX
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were subjected to rep-PCR, resulting in 162 genetic profiles that allowed the
selection of 174 isolates that were subjected to PCR assays targeting the classical SE
related genes; none of them presented their typical amplification products. Also, 116
Staphylococcus isolates were selected and subjected to the ELISA assay targeting
their production of classical SE; none of them presented SE production. JOHLER et
al., (2015) also did not find classical SE in an outbreak involving five people who ate
cheese produced with goat's milk, but identified isolated with the following SE
related genes: sec, sei, sin and seo. MARTINS et al., (2014) also did not found
classical SE in semi-ripened Minas cheese produced with raw milk.

Based on the current guidelines for artisanal cheese production in Minas
Gerais, the raw milk used for their production must be obtained from healthy animals
and Staphylococcus counts must be below 10> CFU/mL, and cheese production must
start in a period no longer than 90 min after milking (Law 14.185, MINAS GERAIS,
2002). Thus, enumeration and characterization of Staphylococcus spp. is important to
evaluate potential factors that may become a risk to the consumer, what can be
considered as reliable tools to support quality control programs, such as Hazard
Analysis and Critical Control Points and Good Manufacturing Practices (DING et al.,
2016). Considering that the contamination can occur by direct contact with the hands
of the manipulators or through coughs and sneezes (NOVAKOVIC; GRUJIC, 2017),
the high counts identified by the present study indicate hygienic failure in the SAC

production (Tables 2 and 4).
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CONCLUSIONS

The absence of Staphylococcus with enterotoxigenic potential and absence of
pathogens such as Salmonella and L. monocytogenes indicate that SAC are relatively
safe, not posing as potential risks for developing foodborne diseases in consumers.
The results indicate a low accuracy of Baird Parker agar and probably a low
sensitivity of Petrifilm™ STX, however, high Staphylococcus counts in SAC
indicate poor hygiene conditions during processing, demanding further studies that
investigate the major key points for controlling contamination in order to enhance the

microbial quality of this product.
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5. CONCLUSOES GERAIS E PERSPECTIVAS

A auséncia de patdgenos e toxinas estafilocdcicas indicam que as amostras de
Queijo Minas Artesanal produzidas na regido do Serro sdo microbiologicamente
seguras;

As altas contagens de Staphylococcus sp. indicam falhas higi€nicas durante a
fabricacdo desses queijos artesanais;

A auséncia de genes relacionados a producdo da enterotoxinas cldssicas
confirmam que altas contagens de Staphylococcus sp. ndo estdo diretamente
relacionadas com a possibilidade de producdo de enterotoxinas.

E necessdrio que a legislacdo brasileira seja atualizada, visando realizar a

pesquisa direta de enterotoxinas estafilocdcicas no alimento.
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