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RESUMO

O Queijo Minas Artesanal é um produto tradicional de diversas regides do estado de
Minas Gerais, Brasil. Dentre as regides oficialmente reconhecidas, a da Serra da Canastra
recebe destaque devido a popularidade, cuja producéo é regulamentada para o uso da Indicacao
de Procedéncia (IP) “Canastra”. Nos Queijos Minas Artesanais as condi¢des ambientais da
regido de producdo, tais como taxa de precipitacdo, temperatura e umidade afetam a
comunidade microbioldgica, gerando influéncias na seguranga, na singularidade do produto, na
qualidade e nos fatores nutricionais. Assim, a microbiota terroir presente em uma regido
especifica influencia diretamente nas caracteristicas do produto. H& poucas informagdes na
literatura sobre esse queijo, sendo que o valor cultural, a importancia econémica e 0 aumento
da visibilidade internacional justificam esse produto como um importante objeto de pesquisa.
O objetivo deste estudo foi caracterizar a diversidade fungica e o perfil de compostos volateis
presentes nesse queijo protegido com Indicacdo de Origem. A comunidade fangica das
amostras foi investigada com abordagens dependentes de cultivo (cultivo, identificacdo
morfologica e MALDI-TOF). O método de espectrometria de massas por microextracao em
fase solida por cromatografia gasosa (SPME-GC) foi aplicado para determinar as caracteristicas
dos compostos volateis presentes nos queijos. Uma complexa composicdo fungica e de
compostos volateis foi observada nas amostras de queijo Canastra. As andlises de diversidade
fangica revelaram a presenca de 37 espécies diferentes de leveduras e bolores. Foi possivel
identificar Fusarium sp., Cladosporium cladosporioides (complex), Acremonium sp.,
Trichotecium sp., Aspergillus versicolor, Aspergillus niger e Plenicillium glabrum em todas as
amostras. No entanto, cada amostra demonstrou uma composicao Unica de diversidade de
fungos, uma vez que Candida catenulata, Geotrichum candidum e Aspergillus versicolor foram
as principais espécies na amostra P1, P2 e P3, respectivamente. Um total de 66 compostos foram
detectados: 15 &cidos, 12 alcoois, 23 ésteres, 9 cetonas, 3 aldeidos e 4 compostos diversos que
ndo puderam ser classificados nesses grupos. Os acidos foram o grupo mais importante
identificado, sendo o &cido hexanoico, o acido octanoico e o &cido decanoico 0s mais
abundantes. Os &cidos graxos presentes nos queijos maturados contribuem para a formagéo do
aroma e sabor em queijos, por suas propriedades aromaticas ou por serem precursores de
alcoois, ésteres, cetonas e outros compostos. Nossos resultados mostram, portanto, que estudos
futuros devem verificar a contribuicdo exata de cada fungo no perfil de compostos volateis do
queijo Minas artesanal.

Palavras-chave: Micobiota. Maturacdo. Casca florida. Microextracdo em fase sélida.



ABSTRACT

Artisanal Minas Cheese is a traditional cheese produced in several regions of the state
of Minas Gerais, Brazil. This type of cheese is developed in a simple way though techniques
introduced by Portuguese settlers and it constitutes one of the main economic activities of
several families that rely on family agriculture. In the state of Minas Gerais, seven regions are
registered in the Artisanal Minas Cheese Program. Among them, Serra da Canastra is
highlighted due to the popularization of its cheeses, which are regulated for the use of the
Indication of Origin (IP) "Canastra”. In artisanal Minas cheese, the environmental conditions
of region such as precipitation rate, temperature and humidity affect the microbiological
community, generating influences on safety, singularity, quality and nutritional factors. Thus,
the terroir microbiota present in a specific region direct the characteristics of the product. There
is little scientific information about this cheese, and the culture value, the economy importance
and the increased of international visibility justify this product as an important object of
research. The aim of this study was to characterize the fungal diversity and the volatile
compounds profile present in this protected Indication of Origin cheese. The fungal community
of the samples were investigated by culture-dependent approaches (culturing, morphological
identification and MALDI-TOF). Moreover, the method of solid-phase micro-extraction gas
chromatography mass spectrometry (SPME-GC) was applied to determinate the characteristics
volatile compounds of this cheese. Complex fungal diversity and volatile compound profile was
observed. The fungal diversity analyses revealed the presence of 37 different species of yeasts
and molds. It was able to identify Fusarium sp., Cladosporium cladosporioides (complex),
Acremonium sp., Trichotecium sp., Aspergillus versicolor, Aspergillus niger and Plenicillium
glabrum in all samples. However, each sample demonstrated a unique fungal diversity
composition, as Candida catenulata, Geotrichum candidum and Aspergillus versicolor were
the major species in the sample P1, P2 and P3, respectively A total of 66 compounds were
detected: 15 acids, 12 alcohols, 23 esters, 9 ketones, 3 aldehydes, and 4 miscellaneous
compounds which could not be classified in these groups. The acids were the most important
group identified, with hexanoic acid, octanoic acid and decanoic acid being the most abundant.
The fatty acids present in maturated cheese contribute to cheese aroma, by their aromatic
proprieties or being precursors of alcohols, esters, ketones, and others compounds. Our results
therefore show that future studies should verify the exact contribution of each fungus to the
volatile compound profile on Canastra cheese.

Keywords: Mycobiota. Ripening. Bloomy rind. Solid phase microextraction.
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PRIMEIRA PARTE

1 INTRODUCAO

O Queijo Minas Artesanal (QMA) é um produto originado no estado de Minas Gerais,
Brasil, sendo produzido de forma tradicional a partir do leite cru de vaca, coalho comercial e
cultura iniciadora (pingo). Apos a producéo, 0 queijo passa por um processo de maturacdo sob
condi¢cBes ambientais naturais, fazendo com que este produto apresente atributos Unicos e
caracteristicas sensoriais desejaveis pelos consumidores (PERIN et al., 2017).

Dentre as regides produtoras de QMA, a Serra da Canastra recebe atencdo e grande
popularidade para seus queijos, com mais de dois séculos de produgdo. Em decorréncia das
propriedades apresentadas pelos QMA produzidos na regido da Serra da Canastra, estes foram
regulamentados para o uso da Indicacdo de Procedéncia “Canastra” em queijos produzidos em
sete municipios da regido (APROCAN, 2011). Além da Indicacdo de Procedéncia, 0s queijos
produzidos pelos produtores certificados sdo comercializados com a marca coletiva “Regido do
queijo da Canastra”, registrada pela Associacdo dos Produtores de Queijo Canastra
(APROCAN).

O processo produtivo do QMA foi introduzido no Brasil pelos portugueses durante o
periodo colonial, porém foi adaptado para a realidade encontrada no Brasil. As etapas de
producéo sdo simples e essa atividade € a principal fonte de renda de vérias familias, agregando
a este produto alto valor econémico, social e cultural (BORELLI et al., 2006).

Intencionalmente ou ndo, a producdo de queijo é um processo que envolve uma grande
comunidade microbioldgica. Ao longo da producdo, varias sdo as etapas que envolvem a
transformacéo do leite até o queijo e todas essas etapas atuam como vetores potenciais para o
desenvolvimento de microrganismos. Enzimas microbianas presentes no leite sdo responsaveis
pela geracdo de diversos compostos que ocorrem durante a producdo do queijo e no periodo de
maturacdo (PENLAND et al., 2021). Além disso, as transformacgdes na composicao fisico-
quimica causam a susceptibilidade a colonizacdo por microrganismos ambientais
(BOKULICH; MILLS, 2013).

As caracteristicas apresentadas pelos QMA sé@o desenvolvidas principalmente na etapa
de maturag&o, quando é possivel observar a morte da cultura iniciadora e o desenvolvimento da
microbiota secundaria formada principalmente por leveduras e fungos filamentosos. Os
microrganismos que se desenvolvem nessa etapa s@o responsaveis por reagdes do tipo glicolise,

lipolise e principalmente a protedlise, com a liberacdo de compostos, tais como &cidos graxos,
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alcoois, cetonas e ésteres. Estes e outros compostos sdo responsaveis pelo desenvolvimento das
caracteristicas desejaveis em queijos maturados (PAGTHINATHAN; NAFEES, 2015;
PENLAND et al., 2021).

A composicdo da microbiota dos alimentos esta intimamente relacionada com as
condic¢Bes ambientais (precipitacdo, umidade e temperatura), regido de producdo, as materias-
primas utilizadas ¢ os processos de fabricagdo. Dessa maneira, o termo “microbiota terroir”
define a relacdo Unica entre a comunidade microbiana e as caracteristicas de um determinado
produto alimenticio (RYCHLIK et al., 2017). Observa-se a necessidade de estudos voltados
para essa area, uma vez que sdo poucos os dados sobre as comunidades microbianas presentes
em queijos, principalmente dados relacionados a diversidade fungica.

O odor, o sabor e a textura sdo 0s principais critérios na escolha e aceitabilidade de
queijos, sendo os dois primeiros influenciados sobretudo pela composicdo dos compostos
organicos volateis presentes nos queijos e sdo desenvolvidos durante a etapa de maturacdo,
quando ha a interacdo da microbiota presente nos queijos com a matriz alimentar (DRAKE;
DELAHUNTY, 2017). O perfil dos compostos organicos volateis em queijos maturados é
determinado pelas proteinas, gorduras, lactose e enzimas encontradas no leite, alem do
desenvolvimento de microrganismos e processos bioquimicos que ocorrem durante o tempo de
maturacdo, como glicolise, lipolise e protedlise (NI et al., 2020).

E possivel encontrar uma grande variedade de fungos presentes em queijos. Diversos
estudos relataram a presenca de fungos filamentosos e leveduras em queijos maturados em todo
0 mundo (ANDRADE et al., 2017; KIRTIL; METIN; ARICI, 2021; PENLAND et al., 2021;
SOUZA et al., 2021). Em trabalho realizado com queijos maturados do Serro, os autores
empregaram técnicas de plagueamento e MALDI-TOF para a avaliacdo da comunidade fungica
presente nas amostras. Entre as espécies identificadas, destacam-se Debaryomyces hansenii,
Yarrowia lipolytica, Candida zeylanoides, Kluyveromyces lactis, Cladosporium
cladosporioides (complex), Penicillium roqueforti e Geotrichum candidum (SOUZA et al.,
2021).

O cenério do QMA no Brasil € incerto, principalmente para os queijos maturados com
a presenga de fungos, também conhecidos como “queijos de casca florida” ou “queijos
mofados”. Atualmente, os produtores enfrentam a falta de uma legislacdo solida que
regulamente o setor de queijos de casca florida, fazendo com que a produgdo e comércio desses
acontecam na informalidade.

Diante do exposto, 0s objetivos neste estudo foram:
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a) Obter o conhecimento sobre os fungos filamentosos e leveduras presentes em
amostras de Queijo Minas Artesanal da Serra da Canastra-MG,;
b) Avaliar as caracteristicas fisico-quimicas e o perfil de compostos volateis do

Queijo Minas Artesanal maturado produzido na regido da Serra da Canastra-MG,;

C) Correlacionar as caracteristicas encontradas, afim de tracar um possivel terroir
do produto;
d) Depositar os microrganismos isolados e identificados na Colecao de Cultura de

Microrganismos do Departamento de Ciéncia dos Alimentos da Universidade Federal de Lavras
(CCDCA — UFLA), expandindo assim o acervo existente e disponibilizando os isolados para

estudos futuros.
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2 REFERENCIAL TEORICO

2.1 Producéo de queijos artesanais em Minas Gerais

O queijo é um alimento mundialmente consumido ha muitos anos. Indicios obtidos a
partir de utensilios apontam que a producao desse produto é datada entre cerca de 5.200 e 4.900-
4.800 a.C. (SALQUE et al., 2013). A producdo da maioria dos queijos € simples e requer
componentes bésicos: leite, coalho, sal e microrganismos. Entretanto, além das diversas
maneiras que os ingredientes podem ser empregados, as mudancas nas etapas de processamento
e diversidade ambiental colaboram para a producéo de caracteristicas Unicas que distinguem o
produto de regido para regido. Dessa forma, pode-se encontrar mais de 1000 variedades de
queijos com sabores e formas diferentes (JANY; BARBIER, 2008).

O Brasil apresenta uma enorme variedade de queijos artesanais, que se diferenciam
pelos aspectos sociais e culturais que influenciam os métodos tradicionais de desenvolvimento.
Esses queijos exibem caracteristicas tipicas e Unicas, tais como textura e sabor; como
consequéncia da origem, composic¢do das culturas iniciadoras, materias-primas e condicGes de
maturacdo (KAMIMURA et al., 2019). Nesse cenario, o estado de Minas Gerais se destaca pela
quantidade, variedade e qualidade dos queijos produzidos, com énfase no Queijo Minas
Artesanal. Este tipo de queijo resistiu aos processos modernos de produgdo, uma vez que é
produzido e comercializado principalmente por pequenos produtores inseridos no agronegocio
familiar. Além disso, no ano de 2008 o Instituto do Patriménio Histérico e Artistico Nacional
(IPHAN) conferiu ao “Modo artesanal de fazer queijo nas regides do Serro, da Serra da Canastra
e Salitre/Alto do Paranaiba” o titulo de Patrimonio Cultural do Brasil, inserindo-0 no Livro dos
Saberes e aumentando ainda mais a tradicédo relacionada a esse alimento (IPHAN, 2008).

A Portaria ne 1.969 de 26 de marc¢o de 2020, do IMA, que disp&e sobre a producédo de
Queijo Minas Artesanal (IMA, 2020), define-os como:

Considera-se como Queijo Minas Artesanal o queijo elaborado a partir do leite cru,
higido, integral, de producao prépria, com utilizacao de soro fermento (pingo), e que o produto
final apresente consisténcia firme, cor e sabor préprios, massa uniforme, isenta de corantes e
conservantes, com ou sem olhaduras mecanicas, e que satisfaca os seguintes requisitos:

| — processo com o inicio em até noventa minutos apds o comego da ordenha;

Il — fabricacdo com leite que néo tenha sofrido tratamento térmico;

Il — utilizacdo como ingredientes de culturas lacticas naturais, como pingo, soro

fermentado ou soro-fermento, coalho e sal;
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IV — maturacdo, conforme o periodo estipulado para as microrregides que possuam

pesquisas cientificas ou, na sua auséncia, pelo maior periodo determinado por meio dos

estudos cientificos.

Em Minas Gerais, a Empresa de Assisténcia Técnica e Extensdo Rural do Estado de
Minas Gerais (EMATER) em parceria com o Instituto Mineiro de Agropecuéria (IMA)
executam o Programa Queijo Minas Artesanal. O programa tem o intuito de assegurar a
seguranca alimentar, a partir da implantacdo de boas praticas de fabricacdo e controle sanitario

do rebanho, impulsionar e organizar os produtores, além de definir a cadeia produtiva.

2.2 Producéo de queijos na Serra da Canastra

Situada no estado de Minas Gerais, a regido da Canastra abriga o Parque Nacional da
Serra da Canastra, sendo este criado pelo Decreto n° 70.355, de 3 de abril de 1972 e, desde
entdo, administrado pelo Instituto Chico Mendes de Conservagéo da Biodiversidade (ICMBI0).
O parque abrange municipios como Vargem Bonita, Sdo Roque de Minas, S&o Jodo Batista do
Gloria, Sacramento, Delfinopolis e Capitolio (BRASIL, 1972; IPHAN, 2019).

A regido da Canastra é localizada no sudoeste do estado de Minas Gerais (20°20°S-
46°40’W), apresenta o Cerrado como bioma predominante, possui planaltos de 800 a 1500 m
de altura e precipitacdo anual de 1300 a 1700 mm. Além disso, a regido possui clima subtropical
de altitude, com inverno seco ¢ frio de abril a setembro (média de temperatura de 17°C) e verao
quente e tmido de outubro a margo (média de temperatura de 22°C) (SZABO et al., 2018).

Devido as suas particularidades relacionadas com o clima, vegetacao nativa e modo de
producdo, o queijo produzido nessa regido apresenta caracteristicas exclusivas. Em
consequéncia destas caracteristicas e a popularidade do produto, regulamentou-se entdo o uso
da Indicacao de Procedéncia (IP) “Canastra” para o Queijo Minas Artesanal produzido em sete
municipios da Serra da Canastra, sendo estes Bambui, Medeiros, Piumhi, Sdo Roque de Minas,
Tapirai, Vargem Bonita e Delfinopolis, apresentados na Figura 1 (APROCAN, 2011).
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Figura 1 - Mapa da regido da Canastra produtora de Queijo Minas Artesanal.

MAPA DO QUEIJO MINAS ARTESANAL
CANASTRA

/AQueijo

>(M na

CANASTRA

BAMBUI
- MEDEIROS
PIUMI
- SAO ROQUE DE MINAS
- TAPIRAI
6 - VARGEM BONITA
DELFINOPOLIS

N°DE PRODUTORES - 1.529
PRODUCAO -5.787 tlano
EMPREGOS DIRETOS -4.281
AREA -7.452 Km?

Fonte: (EMATER, 2019).

O Queijo Minas Artesanal da Canastra € produzido de forma tradicional por mais de
200 anos, uma vez que a forma de producéo foi introduzida pelos imigrantes portugueses no
final do século XVI11I e adaptada para as condic¢Ges da regido. Além disso, a producéo do Queijo
Canastra configura a principal atividade econdmica de vérias familias da regido, o que faz deste
produto uma heranca cultural passada de geracao para geracdo com alto valor social e cultural
associados (BORELLLI et al., 2006).

O Queijo Canastra é produzido a partir do leite cru de vaca inoculado com o coalho
comercial e “pingo”. O pingo consiste em uma cultura iniciadora obtida a partir do soro
adquirido na producdo anterior de queijo e constituida principalmente de bactérias do acido
lactico e leveduras. Apds a producdo, o queijo é maturado sob condi¢cdes ambientais naturais,
onde ocorre o desenvolvimento de caracteristicas sensoriais desejaveis. A Portaria n® 1.736 de
27 de julho de 2017 define o periodo de maturagdo do queijo Minas Artesanal como no minimo
de 22 dias para a microrregido da Canastra (IMA, 2017). Assim, o produto final apresenta
atributos Unicos que despertam o interesse dos consumidores, como sabor considerado denso e
encorpado (ANDRADE et al., 2017; PERIN et al., 2017).
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Atualmente, observa-se uma diversificagdo no modo de produgdo dos queijos artesanais
com a insercdo de diversos novos produtos no mercado. No Brasil, 0s queijos mofados, também
conhecidos como queijos de casca florida (bloomy rind), estdo tornando tendéncia e
despertando o interesse dos produtores e consumidores. A etapa de maturacdo prolongada,
associada a diversos fatores de produgéo, permite o crescimento de fungos ao longo da casca
dos queijos. Esses fungos sdo responsaveis por alteracdes visuais, de textura, odor e sabor nos
produtos, gerando um produto que possui caracteristicas peculiares para uma parte dos
consumidores brasileiros, mas que sdo largamente apreciadas no territorio europeu.

As etapas de producdo do Queijo Canastra sdo simples e sustentam a tradicdo deste
produto. Apesar de incluirem etapas similares, cada variedade de queijo possui caracteristicas
sensoriais diferentes que sdo influenciadas por alteraces nas fases de producdo e
principalmente pela diversidade da comunidade microbiana local, sendo esta o resultado das
caracteristicas ambientais de cada regido (PERIN et al., 2017).

De acordo com IPHAN (2014), o Queijo Minas Artesanal (QMA) ainda é fabricado
conforme a tradicdo, entretanto algumas melhorias foram implantadas no intuito de adequar o
modo de producéo as condi¢des higiénico-sanitarias adequadas. Um exemplo sdo as formas de
madeira que foram, ao longo dos anos, substituidas por formas de plastico, uma vez que a
higienizacdo completa da madeira é impossivel. Entretanto, alguns atos ainda s&o resistentes a
mudanca, pois em algumas propriedades ainda é possivel encontrar bancas queijeiras de
madeira.

De acordo com a Portaria IMA ne 1.969 de 26 de margo de 2020, o processo de

fabricacdo do QMA adota as etapas apresentadas na Figura 2 (IMA, 2020).
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Figura 2 - Fluxograma do processo de fabricacdo do QMA.
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Fonte: IMA (2020).

2.3 Definicéo de Terroir

Terroir € um termo que eclodiu na Franca a partir de movimentos sociopoliticos que
tinham como objetivo proteger os produtos tradicionais da agricultura francesa de interesses
internos e externos (DEMOSSIER, 2011). Esse termo é embasado na ideia que as caracteristicas
de uma determinada regido sdo responsaveis por atributos Unicos e especificos de certos
produtos, especialmente produtos alimenticios artesanais. Deste modo, o termo terroir também
vincula um produto a uma regido e as tradi¢Ges locais de uma comunidade (TURBES et al.,
2016).

Baseado no conceito do termo terroir, a Unido Europeia (UE) estabeleceu a
Denominacgdo de Origem Protegida (DOP), que € responsavel por promover e proteger a
designacdo de produtos agricolas (ex.. Champagne, Camembert, Parmigiano-Reggiano). O
DOP s&o indicacgdes geograficas protegidas precisas que garantem que um produto é oriundo

de uma regido delimitada e que seus atributos estdo relacionados a esse local de origem,
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pertinente a caracteristicas ambientais naturais, a0 modo de producéo e a tradicdo das pessoas
que habitam essa regido (CLIMENT-LOPEZ; ESTEBAN-RODRIGUEZ, 2018; TURBES et
al., 2016).

Os produtos lacteos, principalmente os queijos, assumem uma relacdo complexa com a
area em que sao produzidos. Diferentes condi¢6es climaticas, variedades de solo, ragas bovinas
e vegetacdes utilizadas na alimentacéo dos bovinos influenciam a composicdo quimica do leite
e, como consequéncia, resulta na qualidade dos queijos. Além disso, as condi¢cdes ambientais
colaboram com o desenvolvimento da comunidade microbioldgica nativa, que afeta
diretamente o produto final.

Os alimentos fermentados sdo considerados as formas mais antigas de biotecnologia e
historicamente estdo baseados na ocorréncia natural de microrganismos na matriz dos
alimentos. A comunidade microbiana contribui para um cenario complexo nos alimentos, uma
vez que a presenca de uma microbiota especifica influencia na seguranga, qualidade, fatores
nutricionais ¢ na singularidade do produto final. Dessa forma, o termo “microbiota terroir”
surge a partir da necessidade de explicar a profunda relagdo entre a comunidade microbiana
nativa e as caracteristicas de um determinado produto alimenticio (CAPOZZI; SPANO, 2011;
FELDER; BURNS; CHANG, 2012).

Diferentes estudos avaliaram a biodiversidade microbiolégica nativa de alimentos
fermentados com a intencdo de determinar a presenga de padrdes microbiologicos
(BOKULICH et al., 2016). Knight et al. (2015) realizaram andlises quimicas de vinhos
produzidos com Sauvingnon Blanc a partir de linhagens regional e geneticamente diferenciadas
de Saccharomyces cerevisiae de seis regides vinicolas da Nova Zelandia. Baseado nesse estudo,
foi possivel demonstrar que as diferentes linhagens produziram compostos metabolicos
distintos, evidenciando pela primeira vez a relacdo direta entre a microbiota regional e as

caracteristicas de um vinho pronto para o consumo (KNIGHT et al., 2015).

2.3.1 Diversidade microbioldégica em QMA

A microbiota terroir também esta presente em produtos lacteos fermentados, onde a
comunidade microbiologica exerce papel complexo e importante nas caracteristicas do produto
final. Os queijos, por exemplo, oferecem uma matriz alimentar complexa capaz de favorecer o
crescimento de organismos procariontes e eucariontes. Essas comunidades estdo presentes e
desenvolvem ao longo de todas as etapas de producéo, desde o emprego de leite até a etapa de
maturacdo (FLOREZ; MAYO, 2006).
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Varios sdo os fatores no processamento de queijos que afetam diretamente a microbiota
terroir. Por exemplo, na producdo de Queijo Minas Artesanal o emprego de leite cru, a
qualidade do pingo utilizado e as condi¢des do ambiente de maturagédo sdo alguns dos fatores
cruciais para a expressao da microbiota terroir.

O leite ndo é submetido a tratamentos térmicos nesse tipo de queijo, dessa forma o
produto apresenta uma populagdo microbiana mais heterogénea. Além disso, o pingo utilizado
como cultura starter € coletado na producdo de queijo do dia anterior e possui composicao
variada composta por bactérias, principalmente bactérias do &cido l4ctico, e leveduras
(ANDRADE et al., 2017).

Na maturacdo observa a morte da cultura starter, o crescimento de bactérias ndo laticas
(flora adventicia) e o desenvolvimento da microflora secundaria formada principalmente por
fungos. Os microrganismos e rea¢@es bioguimicas que se desenvolvem nessa etapa produzem
reacOes do tipo glicolise, lipblise, protedlise e liberagdo de compostos volateis, responsaveis
pelo desenvolvimento das caracteristicas sensoriais (PAGTHINATHAN; NAFEES, 2015).

H& uma grande diversidade microbioldgica presente nos QMA. A matriz alimentar
encontrada do leite e as caracteristicas desenvolvidas em cada parte do processo favorecem o
crescimento de diversos microrganismos. Além disso, o clima da regido propicia o
desenvolvimento de diferentes géneros de microrganismos.

E possivel encontrar diversos trabalhos que analisaram os microrganismos presentes em
QMA de diversas regifes de Minas Gerais. Entretanto, esses trabalhos foram direcionados
principalmente para o estudo da comunidade bacteriana e de leveduras. Na literatura, pouco se
encontra sobre a diversidade de fungos filamentos presentes em QMA, mesmo esses sendo de
grande importancia para as caracteristicas desenvolvidas. Souza et al. (2021) analisaram a
diversidade fangica presente em queijos Minas artesanais da regido do Serro onde se observou
uma grande variedade de fungos destacando a incidéncia de G. candidum, Debaryomyces
hansenni, Yarrowia lipolytica, Candida zelanoides, Kluyveromyces lactis e P. roquefortii.

Andrade et al. (2017) analisaram as leveduras envolvidas nas etapas de produgdo e em
amostras de QMA da Canastra. Os autores empregaram as técnicas de MALDI-TOF e
sequenciamento da regido ITS para a identificacdo de leveduras presentes nas amostras
analisadas. A partir dos resultados, os autores reportaram a presenca de Kluyveromyces lactis,
Torulaspora delbrueckii e Candida intermedia nas amostras de QMA.

Podem ser observados na literatura diversos trabalhos realizados com o objetivo de
identificar a diversidade fungica de queijos maturados de outras regides, principalmente na

Europa. Em trabalho realizado em queijos maturados na Turquia foi possivel determinar a
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presenca de 40 diferentes fungos, com a predominéancia de Penicillium roqueforti (KIRTIL;
METIN; ARICI, 2021). J& em outro trabalho realizado em queijo Cabrases tradicional da
Espanha, foi possivel identificar Geotrichum candidum, P. roqueforti, P. chrysogenum, P.
griseofulyum, D. hansenii, Kluyveromyces lactis e Candica silvae como principais
representantes flngicos.

2.4 Meétodos de avaliacao da diversidade microbiana em queijos

A determinacdo da comunidade microbiana em alimentos compostos por matrizes
complexas, como 0s queijos maturados, é de grande importadncia, uma vez que esse
conhecimento contribui com aspectos relacionados aos avancos na area de seguranca alimentar,
tecnologias de producdo empregadas e conhecimento sobre a origem geografica (PERIN et al.,
2017). Além disso, a determinagdo da comunidade microbiana permite um melhor controle e
informacdes sobre as propriedades sensoriais de interesse nos alimentos. Por estes motivos, as
comunidades microbianas de diversos queijos ja foram determinadas utilizando métodos
tradicionais dependentes de cultivo e técnicas moleculares independentes de cultivo (JANY;
BARBIER, 2008).

2.4.1 Métodos dependentes de cultura

Os métodos tradicionais, dependentes de cultura, consistem em técnicas de cultura que
buscam a identificagdo dos microrganismos baseadas em caracteristicas fenotipicas.
Comumente, os métodos dependentes de cultura sdo Uteis para a compreensdo do potencial
fisiolégico dos organismos isolados, além de serem mais baratos quando comparados com
métodos baseados em apenas analises moleculares, motivos pelos quais sdo amplamente
utilizados (SILVETTI et al., 2017; TEMMERMAN; HUYS; SWINGS, 2004). Entretanto, a
avaliacdo da comunidade microbiana utilizando métodos dependentes de cultivo pode ndo ser
suficiente para revelar toda a diversidade de amostras complexas, como queijos maturados
(PERIN et al., 2017).

As metodologias baseadas em técnicas dependentes de cultivo apresentam limitacfes
que impedem o crescimento dos microrganismos no ambiente de laboratério, como baixa
produtividade, planejamento extenso para grandes escalas e morosidade dos resultados
(TEMMERMAN; HUYS; SWINGS, 2004). Por exemplo, estresse e injurias causados nas

células ndo séo reparados em meio de cultura seletivo, podendo interferir na identificacdo dos
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microrganismos, além de que pequenas populacfes podem ter o crescimento inibido por
populacbes numericamente mais abundantes (HUGENHOLTZ; GOEBEL; PACE, 1998;
JANY; BARBIER, 2008).

Entretanto, existem alternativas praticas para diminuir as limitagdes e aumentar a
eficiéncia dos métodos dependentes de cultivo. Uma das possibilidades é a utilizacdo de
diferentes meios de cultivo, ja que as necessidades e demandas variam entre 0s microrganismos.
Assim, cada meio empregado permite o crescimento e isolamento de espécies compativeis com
as caracteristicas apresentadas pela composicdo do meio de cultura, abrangendo uma maior
gama de espécies a serem isoladas. Outra abordagem que pode ser empregada para diminuir as
limitacBes apresentadas pelos métodos dependentes de cultivo € a combinacdo de técnicas de
identificacdo de microrganismos, além da identificacdo baseada nas caracteristicas

morfoldgicas.

2.4.1.1 Identificacdo da micobiota pelo método MALDI-TOF MS

Atualmente, métodos de identificacdo de microrganismos baseado em protedmica séo
amplamente empregados. Neste cenario, ha destaque para a utilizacdo da técnica de ionizacdo
por dessorgédo a laser assistida por matriz, seguida pela deteccdo em um analisador do tipo
tempo de voo, (Matrix Associated Lazer Desorption lonization - Time of Flight/ MALDI-TOF)
(PATEL, 2019).

A técnica de MALDI-TOF é amplamente empregada na identificacdo de
microrganismos em contextos clinicos (GAUTIER et al., 2014; MCMULLEN et al., 2016;
RYCHERT et al., 2018). Porém é possivel observar o aumento dos trabalhos que empregaram
a técnica para a avaliacdo da diversidade microbiana em alimentos. Estudo realizado por Quéro
et al. (2019) demonstrou o0 MALDI-TOF como alternativa as metodologias convencionais para
a identificacdo rapida e confiavel de fungos deteriorantes em alimentos e ambientes industriais
(QUERO et al., 2019). Ja em estudo realizado com queijos maturados de cabra, os autores
empregaram com sucesso 0 MALDI-TOF combinado com técnicas moleculares para identificar
a comunidade microbioldgica presente nas amostras analisadas. No estudo em questdo, G.
candidum foi identificado como a espécie fungica predominante nas amostras (PENLAND et
al., 2021).

A utilizagdo do MALDI-TOF permite a identificagdo microbioldgica rapida e de menor
custo, podendo ser aplicado em bactérias, leveduras e fungos filamentosos. A técnica consiste

em um sistema onde o material a ser estudado é depositado em uma placa dotada de uma matriz
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polimérica. A placa é entdo irradiada com um laser, fazendo com que a amostra seja vaporizada
e ocorra a ionizagdo das moléculas. As moléculas sdo entdo sugadas por um tubo de vacuo e
carregadas até um detector (FIGURA 3). O tempo de chegada de cada molécula determina o
resultado, sendo este obtido através da construcdo de um pico grafico para cada espécie
analisada. Os resultados sdo entdo interpretados através de bases de dados ja existentes
(PASTERNAK, 2012).

Figura 3 - Esquema do equipamento utilizado na técnica de MALDI-TOF.
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Fonte: Patel (2019).

2.5 Compostos organicos presentes em queijos maturados

O consumo de queijos maturados estd sendo disseminado mundialmente, deixando de
ser algo pertencente apenas a cultura europeia. As caracteristicas tdo desejadas desses queijos
sdo atribuidas a diversos fatores geogréficos, culturais e a formacdo de compostos volateis
produzidos por bactérias no inicio da producédo e por fungos durante o periodo de maturagdo
(SUZUKI-IWASHIMA et al., 2020).

A interacdo dos microrganismos com a matriz alimentar € um fator decisivo para a
geracdo de metabolitos relacionados com o produto final. Uma infinidade de compostos esta
associada aos sabores identificados em queijos, sendo as principais vias metabdlicas envolvias
na formacdo desses compostos a glicolise, lipolise e protedlise (FIGURA 4). Entre os

mecanismos que ocorrem durante a etapa de maturacdo podemos citar como predominantes:
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metabolismo residual de lactose, lactato e citrato, liberacdo de &cidos graxos livres, reacfes
catabolicas associadas a degradacdo da caseina em diversos peptideos e aminoacidos livres e
vias catabdlicas de acido graxos livres (MCSWEENEY; SOUSA, 2000).

Figura 4 - Vias metabdlicas envolvidas na maturacdo de queijos: (a) protedlise, (b) lipolise e
(c) metabolismo da lactose, lactato e citrato.
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Diversos estudos objetivaram a identificacdo de compostos volateis em queijos
maturados responsaveis pela formacao de flavor. Com o emprego de GC-MS, Penland et al.
(2021) identificaram 54 compostos volateis presentes em amostra de queijos maturados de
cabra. Os autores associaram 0s compostos 3-metil-1-butanol, acido 3-metil-butanoico, acido
3-metil propanoico, 2-fenilacetaldeido e 2-fenil-etanol com os periodos inicias de maturagao.
Além disso, diversos compostos foram associados com o periodo tardio de maturagéo,
principalmente o alcool secundario 2-heptanol, metil cetonas (non-8-en-2-ona, octan-3-nona,
2-pentanona, 2-heptanona, 2-hexanona, 2-nonanona) e acidos graxos (&cido butanoico,
hexanoico, pentanoico, octanoico, nonanoico e decanoico).

Suzuki-lwashima et al. (2020) identificaram, a partir de analises conduzidas em
diferentes tempos de maturacdo, a presenca de &cidos graxos, metil cetonas e alcoois
secundarios em queijos maturados com Penicillium camemberti. Os autores comprovaram,
assim, a contribuicdo do fungo filamentoso para as caracteristicas de aroma desenvolvidas em

gueijos maturados com fungos.
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3 CONSIDERACOES FINAIS

O Queijo Minas Artesanal é um produto tradicional de diversas regides do estado de
Minas Gerais, Brasil, e atualmente constitui uma das principais atividades econémicas de varias
familias dependentes da agricultura familiar. Dentre as regides produtoras do QMA, a Serra da
Canastra recebe papel de destaque devido a popularidade dos seus queijos, sendo estes
protegidos quanto a indicacdo de origem, regulamentados para o uso da Indicacdo de
Procedéncia (IP) “Canastra”.

Nos QMA, a composicdo da diversidade fungica é influenciada pelas condicoes
ambientais da regido de producdo, tais como taxa de precipitacdo, temperatura e umidade. O
desenvolvimento desses microrganismos nos queijos esta relacionado com a presenca da
microbiota terroir, as singularidades do produto, seguranca e qualidade alimentar.

A interacdo dos microrganismos com a matriz alimentar é um fator decisivo para a
geracdo de metabolitos relacionados com o produto final. Uma infinidade de compostos
volateis, produzidos principalmente pela atividade enzimatica de fungos no estagio de
maturacdo, estd associada a formacdo do sabor e aroma identificados em queijos, sendo as
principais vias metabdlicas envolvidas na formacgdo desses compostos a glicolise, lipolise e
protedlise.

Diante do exposto, nesta pesquisa foram avaliados a diversidade fangica e o perfil de
compostos volateis presentes nos Queijos Minas Artesanais da Serra da Canastra. Dentre as
diversas técnicas de identificacdo, os métodos dependentes de cultivo empregados neste
trabalho (identificagdo morfolégica e MALDI-ToF) demostraram ser ferramentas importantes
e eficientes para a determinacdo da populacdo fungica presente nas amostras analisadas.

Importantes fungos, associados com a producdo de queijos por outros autores, foram
identificados nesta pesquisa, como G. candidum, K. lactis, T. delbrueckii, C. catenulata, e K.
ohmerim. Na literatura, esses isolados sdo de extrema importancia para a producao de queijos,
uma vez que produzem uma enorme gama de compostos volateis responsaveis por notas
sensoriais desejaveis em queijos maturados.

Algumas espécies associadas com a producdo de micotoxinas ou com casos clinicos
foram identificadas nas amostras de QMA. Entretanto, futuros estudos precisam ser realizados
para a identificagdo dos riscos oferecidos por essas espécies quando presentes em queijos sob
as acondicoes especificas de maturagdo. A presenca do fungo ndo é o unico indicativo da
producéo de micotoxinas ou patogenicidade, uma vez que diversos fatores sdo necessarios para

que haja o risco, como quantidade presente, umidade relativa e temperatura do meio.
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Os resultados obtidos neste trabalho podem ser considerados em estudos futuros, como
por exemplo a analise isolada de cada fungo filamentoso, quando presentes em Queijos Minas
Artesanais, para identificacdo da producgédo de compostos volateis e micotoxinas, visto que ainda
n&o existe registro dessas informagdes na literatura.

Este trabalho é inovador, pois foi avaliada toda a diversidade flangica com a
identificacdo de leveduras e fungos filamentosos. Além disso, o trabalho contou com a
identificacdo do perfil de compostos volateis. Além de ser uma grande contribuicao para o meio
académico, esses dados serdo de grande valia para os produtores de queijos, Visto que nesse

meio ha uma lacuna e grandes dificuldades em obter essas informagdes.
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Abstract

Canastra cheese is an artisanal Minas cheese produced from raw cow’s milk and a natural whey
from the previously produced cheese, known as “pingo”. This study aimed to characterize the
fungal diversity and the volatile compounds profile present in this cheese of regulated
Indication of Origin. The fungal community of the samples was investigated by culture-
dependent techniques (culturing, morphological identification, and MALDI-TOF). Moreover,
the method of solid-phase microextraction gas-chromatography mass spectrometry (SPME-
GC) was applied to determine the characteristic volatile compounds of this cheese. A complex
fungal diversity and volatile compound profile were observed. The fungal diversity revealed
the presence of 37 different species of yeasts and molds. However, each sample demonstrated
a unique fungal diversity composition. Candida catenulata, Geotrichum candidum, and
Aspergillus versicolor were the most abundant species in samples P1, P2, and P3, respectively.
A total of 66 volatile compounds was detected: 15 acids, 12 alcohols, 23 esters, 9 ketones, 3
aldehydes, and 4 miscellaneous compounds. The most abundant acids detected were hexanoic
acid, octanoic acid, and decanoic acid. Considering esters, the most abundant compounds were
ethyl hexanoate, ethyl decanoate, and ethyl butanoate. The most prevalent ketones were 2-
Nonanone, 2-Heptanone, and 2-Undecanone. These compounds can be mainly associated with
the presence of G. candidum, Kluyveromyces lactis, Torulaspora delbrueckii, C. catenulate,
and Kodamaea ohmerim, which are responsible for the sensory notes of musty, oily, fruty, malt,
burnt cheesy, buttery, sweety, green, floral, waxy, among others. However, future studies
should evaluate the role and the ability of those fungi to produce mycotoxin in cheese, as well
as control the growth of certain species during ripening, resulting in a safe and high-quality
product.

Keywords: Mycobiota; Bloomy Rind Cheese; Ripening.
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1. Introduction

Artisanal Minas cheese (AMC), which is produced through traditional simple
techniques by using raw cow milk, pingo (lactic starter culture resulting from the previous
cheese production), rennet and salt, then ripened under environmental conditions (Perin et al.,
2017). AMC production transcends generations and is the main income source of many
Brazilian families, especially in the state of Minas Gerais, giving this product important cultural
and economic values (EMATER, 2021).

The Serra da Canastra region plays an important role in the production and marketing
of AMC in Brazil. Licensed cheese produced in this region has had the Geographical Indication
certification seal since 2012 in the Indication of Origin category (10), being denominated as
Canastra cheese (SEBRAE, 2012). Several factors such as geographical conditions (weather,
altitude, rainfall), traditional techniques, and ripening conditions contribute to the cheese
production in Serra da Canastra and are responsible for the flavor and texture of these products
(Resende et al., 2011).

It is possible to find a wide variety of AMC, among which the bloomy rind cheese stands
out. Right after milking, the “pingo” and rennet are used to coagulated the milk. Then, the curds
are cut and transferred to molds for cheese shaping and the whey are removed by hand pressure.
The artisanal Minas cheese are salted by adding NaCl on both sides of the cheese, one by time.
After salting, the artisanal cheese from Canastra is ripened on wooden shelves at room
temperature and it must be matured for at least 22 days (Andrade et al., 2019; Pineda et al.,
2020).

During ripening, bloomy rind cheeses develop a rind consisting mainly of fungi. As a

result, the final product is characterized by a thick skin and the firm consistency on the interior.
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Such microorganisms are capable of producing enzymes and other compounds that change the
cheese’s texture, odor, flavor, and visual aspect (Pineda et al., 2020).

Surface mold ripened cheeses gained notoriety in Brazil very recently, especially after
some producers had their cheeses awarded in important international competitions such as the
“Mondial du Fromage et des Produits Laitiers” held in Tour, France (Globo Rural, 2019;
Pereira, 2018). Before that, little was known about the production and consumption of this
variety of cheese in Brazil.

However, the whole microbiota present in AMC remains unknown. According to our
knowledge, few studies have focused on identifying AMC’s mycobiota. It is also possible to
observe a considerable knowledge gap concerning the development of fungi on AMC, mainly
filamentous fungi. Currently, there is no specific legislation for this cheese, based on the lack
of knowledge about the fungi characteristics that develop on the surface of ripened cheeses.
The existence of pathogenic fungi and mycotoxins in AMC are unknown for producers and for
the state inspection service. Thus, these factors are public health issues for consumers. The sale
of moldy artisanal chesses is not yet officially allowed, once quality is a fundamental
requirement to commercialize food products. The knowledge of the fungus which develop
during the ripened stage is important to clarify the doubts surrounding this product, in order to
avoid the existing bottleneck in the production and marketing of a type of cheese that is widely
consumed worldwide.

Souza et al. (2021) identified the fungal population of AMC samples produced in the
region of Serro (MG) through morphological identification and MALDI-TOF and the authors
observed the predominance of Debaryomyces hansenii, Yarrowia lipolytica, Candida
zeylanoides, Kluyveromyces lactis, Cladosporium cladosporioides (complex), and Penicillium
roqueforti. In a study carried out with samples of milk, pingo, and Canastra’s cheese, Andrade

et al. (2017) identified Kluyveromyces lactis, Tolulaposra delbrueckii, and Candida intermedia
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as the predominant yeasts in the analyzed samples. In another study by Borelli et al. (2006), the
authors evaluated samples of pingo and Canastra’s cheese and identified Kodamaea ohmeri,
Debaryomyces hansenii, Tolulaposra delbrueckii, and Kluyveromyces lactis as the predominant
yeasts.

Initially, the lactic acid bacteria present in pingo act to cause a pH drop, favoring the
colonization of yeasts and filamentous fungi (Spinnler and Genie, 2004). The presence of fungi
in ripened cheeses, mostly as part of the secondary microbiota, contributes to the development
of the attributes and influences these products’ quality and food safety. Fungi play a crucial role
in the addition, removal, or modification of compounds during ripening which are responsible
for changes in texture, flavor, aroma, color, nutritional characteristics such as vitamins, and the
production of mycotoxins (Anelli et al., 2019; McSweeney, 2004; Spinnler and Genie, 2004).

Odor, taste and texture are the main criteria affecting consumers’ choice and
acceptability of cheeses. These factors are strongly influenced by volatile compounds present
in cheeses and by changes in composition during the ripening stage, when there is an interaction
of the microbiota with the food matrix (Drake and Delahunty, 2017; McSweeney, 2004). The
profile of volatile organic compounds in ripened cheeses consists of proteins, fats, lactose, and
enzymes found in milk, in addition to the development of microorganisms and biochemical
processes that take place during ripening such as glycolysis, lipolysis, and proteolysis (Ni et al.,
2020).

The characteristic flavor and aroma of ripened cheeses are formed by a complex balance
between volatile and non-volatile compounds present in milk and compounds released in the
reactions that occur during fermentation and ripening, such as glycolysis, lipolysis, proteolysis
and secondary. Free fatty acids indirectly contribute to the development of cheese aroma and
flavor, acting as precursors in the production of volatile compounds such as ketones, primary

and secondary alcohols, esters and aldehydes. Acetate, acetaldehyde, diacetyl, ethanol, and
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ketones are formed in the metabolism of residual lactose and lactic and citric acids.
Furthermore, amino acids are converted to aldehydes, alcohols, carboxylic acids, ammonia, a-
ketoacids, amines, amides, and compounds from enzymatic pathways (Hayaloglu et al., 2013;
McSweeney, 2004; McSweeney and Sousa, 2000).

The lack of knowledge about the fungal diversity and the compounds found in the AMC
is one of the greatest obstacles faced by producers, implying the absence of specific legislation
in this sector (Pineda et al., 2020). Studies in this area would help to evidence and justify this
product's Geographical Indication records, besides collaborating to the development of
legislation. Thus, this study aimed at identifying not only the mycobiota of artisanal Minas
cheeses produced in the Serra da Canastra region, but also its volatile compounds profile and

physico-chemical properties.

2. Material and methods

2.1. Sampling

For this study, samples of AMC were collected in June 2019 in three certified cheese
producers located in Sdo Roque de Minas, Serra da Canastra region, in the state of Minas Gerais,
Brazil. In each production farm, ripening occurred in a ripening room with temperature and
humidity determined by its location under enviromental conditions. According to the national
meteorological organization of Brazil (INMET), the total precipitation rate and average
temperature in Serra da Canastra for the month of June in 2019 were 0 mm and 16.99 °C,
respectively (INMET, 2021). These parameters characterize the cold and dry weather

conditions during the winter in Serra da Canastra.
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Two cheese wheels were collected from each dairy and coded as P1 (20°11'8.07"S,
46°21'23.42"0), P2 (20°12'27.05"S, 46°21'37.25"0), and P3 (20°13'18.28"S, 46°20'25.67"0).
Samples P1 and P2 had been ripened for 22 days, whereas P3 for over 60 days. Samples were
packed in sterile bags and transported under refrigeration to the Mycology and Mycotoxins
laboratory of the Food Science Department at the Federal University of Lavras, where they

were stored until subjected to analysis.

2.2. Physicochemical analysis

Physicochemical analyses of the AMC samples were carried out in triplicate at the Milk
and Dairy Products Laboratory of the Food Science Department at the Federal University of
Lavras. Samples were fractioned to obtain aliquots from the cheeses’ rind and inner part.
Subsequently, the sodium chloride content, pH, and moisture content were determined
according to methodologies suggested by the Association of Official Analytical Chemists (Baur

and Ensminger, 1977).

2.3. Mycobiota assessment through culture-dependent methods

The serial dilution technique was used to assess AMC samples’ mycobiota. A total of

25 g of each sample was scooped out of six equidistant points from the cheese rind (Figure 1).
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P6

P2

P1 P3

P4

P5

Fig. 1. A schematic diagram of the process for gathering the samples for analysis.

This material was coarsely crushed and transferred into sterile plastic bags with 225 mL
of 0.1% peptone water, followed by homogenization at 490 stokes/min for 2 minutes in a
stomacher (Mayo Homogenius HG 400, S&o Paulo, Brazil). Subsequent serial dilutions were
carried out with the homogenized material and 0.1 mL aliquots were inoculated in Dichloran
Rose Bengal Chloramphenicol (DRBC) medium (Merck, Darmstadt, Germany) and Dichloran
Glycerol Medium Base (DG18) (Merck, Darmstadt, Germany) using the surface spreading
method with a Drigalski spatula, and incubated at 25°C for 5 to 7 days (Silva et al., 2007).

After the incubation period, present microorganisms were counted in colony forming
units (CFU/g) and the square root technique was used to determine the total number of
filamentous fungi and yeasts to be isolated. Afterwards, the fungi were purified on Malt Extract
Agar (MEA) medium (Merck, Darmstadt, Germany) and incubated at 25°C for 7 days. Isolates
were then preserved for future identification.

Colonies of filamentous fungi with morphological characteristics belonging to
Aspergillus and Penicillium genera were identified following the methods described by Klich

(2002) and Pitt (2000), respectively. Aspergillus and Penicillium isolates were incubated in
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Czapek Yeast Agar (CYA) medium (Sigma-Aldrich, St Louis, MO) at 25°C and 37°C and in
Malt Yeast Extract Agar (MEA) medium (Sigma-Aldrich, St Louis, MO) at 25°C for 7 days.
After incubation, microscopic and macroscopic characteristics were observed and compared
with the information described by Klich (2002), Pitt (2000), Samson et al. (2002), and Samson
etal. (2014).

Yeast isolates were reactivated in Yeast Extract Peptone Glucose Agar (YEPG) (1%
yeast extract (Merck), 2% bacteriological peptone (HiMedia), 2% glucose (Merck), 1.5% agar
(Merck) in pH 5) at 28°C for 48 hours. Yeast colonies were characterized according to the
morphology described by Kurtzman et al. (2011).

Fungal isolates were analyzed using the Matrix Assisted Laser Desorption lonization
Time-of-Flight (MALDI-TOF) technique. Each isolated strain was prepared in triplicate and
analyzed in the microflex MALDI-TOF spectrometer (Bruker Daltonics, Bremen, Germany),
using the Escherichia coli K12 strain as external calibration, according to the methodology
described by Resende et al. (2018). The generated spectra were processed using the MALDI
Biotyper 3.0 software package (Bruker Daltonics, Bremen, Germany) for microbial
identification. The spectra were exported and compared with those already existing in the

database.

2.4. Volatile compounds analysis

Volatile compounds present in the AMC samples were characterized using solid phase
microextraction coupled with high resolution gas chromatography/mass spectrometry (MEFS-
CGAR/EM). The methodology was specifically developed and tested for ripened cheeses by
Central de Analise e Prospeccdo Quimica (CAPQ) in the Federal University of Lavras. For

sample preparation, amounts of the cheese rind and mass were ground with liquid nitrogen,
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fractionated and placed in 20 mL vials and subjected to analyses. The solid phase
microextraction  technique  was  employed using DVB/CAR/PDMS  fiber
(dininylbenzene/carboxen/polydimethylsiloxane) with a film thickness of 50/30 mm. Samples
were incubated at 60°C for 10 minutes and then the fiber was exposed in the headspace for 30
min.

After extraction, the fiber was inserted into the chromatograph injector (SHIMADZU-
CG/MS-QP2010) for separation and identification of the adsorbed volatile compounds from the
samples. The molecules were desorbed into the injector (SHIMADZU-AOC5000) at 250°C for
5 min, in Splitless mode. The equipment was equipped with a Slb-5MS fused silica capillary
column (Supelco, 30 m x 0.25 mm x 0.25 pm) with initial oven temperature raised to 40°C for
10 min, and then set to 230°C, at a rate of 5°C/min, with a total running time of 53 minutes.
Helium gas was used as a carrier gas with a flow rate of 2.0 mL/min.

Compounds were identified from the integration of the obtained peaks and their
comparison with the mass spectra present in the NIST database (GCMS Solution Library,

2020). Results were expressed as a percentage of the area of each identified analyte.

2.5. Statistical analysis

The statistical analysis of the data was performed using the Sisvar 5.6 software (Ferreira,
2014). Principal component analysis (PCA) was carried out using the Senso Maker software to
determine the differences between the analyzed cheese samples. PCA analysis is not a
classification method, but it enables grouping by Euclidean distances in the multidimensional

space created by PCA (Pillonel et al., 2003).
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3. Results and discussion

3.1. Physicochemical analyses and counts of filamentous fungi and yeasts’ population

The physicochemical composition and fungal population of the AMC samples from three
cheese producers were determined through the performed analyses, and results are available in

Table 1.

Table 1
Physicochemical composition and fungal population of P1, P2 and P3 samples from artisanal
Minas cheese from the Canastra region.

Population mean
Parameters b

Sample Moisture (log CEUIO)
(%) NaCl (%) pH DRBC DG18
P1 42 44+3.74 0.47+0.25 5.58+0.05 7.90+0.74 6.93+0.51
P2 41.69+1.20 0.18+0.15 5.55+0.19 7.28+0.32 7.27+0.13
P3 37.80+0.86 0.49+0.13 6.5+0.45 6.68+0.32 6.60+0.46

The NaCl content was 0.47% (P1), 0.18% (P2), and 0.49% (P3) and pH values ranged
from 5.58 (P1) to 6.50 (P3). The observed NaCl contents were lower than those found by Souza
et al. (2021) in studies performed with Minas artisanal cheeses produced in Serro, which varied
from 0.10% to 0.20%. In studies carried out with Minas cheeses from different regions, Oliveira
et al. (2013) observed higher sodium chloride percentages (1.88%) in relation to those found in
this study for artisanal cheeses from Serra da Canastra.

Silva et al. (2011) detected a pH of 5.24 for artisanal cheeses from the Canastra region.
The authors reported high variability in this parameter, which may be related to variations in
the pressing process which affects the final pH of the product due to higher or lower lactose
retention. The observed variations of these parameters are also explained by the fact that it is a

handcrafted product whose production process is not standardized and may differ according to
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the producer, such as the added amount of “pingo”, time to coagulated the curds and the added
amount of salt.

Moisture contents of samples P1, P2, and P3 were 42.44%, 41.69, and 37.80%,
respectively. Silva et al. (2011) and Oliveira et al. (2013) reported moisture contents of 43.63%
and 44.90%, respectively, when studying artisanal cheeses from Serra da Canastra. These
values are close to those found in the present study. In addition, the lower moisture content
found in sample P3 can be explained by the extended ripening time. The moisture content of
the samples, which ranged from 37.80 % to 42.44 %, classified the AMC from Canastra as
medium moisture content, according the legislation (BRASIL, 1996). The presented result
indicates the moisture content meets the current legislation, which establishes values of up to
45% moisture for Minas Artisanal cheeses (IMA, 2020).

The fungal population in the AMC samples ranged from 6.60 to 7.90 log CFU/g. The
result confirms the Artisanal Minas Cheeses present favorable conditions for the development

of fungi.

3.2. Fungal diversity determined through a culture-dependent method

The experimental setting of culture-dependent methods made it possible to precisely
study the cheeses’ fungal community. It was possible to combine plating followed by
morphological identification of the isolates and MALDI-TOF as a high-throughput technique
to describe fungal diversity at the species level.

A total of 596 isolates was obtained from the plating of samples, with 16 different genera
being identified. Out of the total number of isolates, 194 were from sample P1, 192 from P2,
and 210 from P3. Species identified on DRBC and DG18 culture media are shown in Figures 2

and 3, respectively. Several species were identified on the cheeses, which demonstrates the high
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diversity present on Minas Artisanal cheeses. This result corroborates the studies found in the

literature (Andrade et al., 2017; Borelli et al., 2006; Cardoso et al., 2015; Souza et al., 2021).
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It was possible to identify 21, 22, and 20 species on samples P1, P2, and P3 respectively.
Representatives of the genera Fusarium, Cladosporium cladosporioides (complex),
Aspergillus, Penicillium, Acremonium, and Candida were identified in all samples, alongside
the identification at the species level of Aspergillus versicolor and Penicillium glabrum.
Identified genera such as Penicillium, Aspergillus, Cladosporium, Scopulariopsis, Fusarium,
Alternaria, and Trichosporon are common in ripened cheeses and dairy environments (Hymery
et al., 2014; Kirtil et al., 2021; Souza et al., 2021).

Considering the DRBC medium, Trichosporon japonicum (8.52 log CFU/g), Candida
catenulata (8.36 log CFU/g), Trichosporon coremiiforme (7.81 log CFU/g), Geotrichum
candidum (7.61 log CFU/g), and Kluyveromyces lactis (7.58 log CFU/g) were the most
identified fungi in sample P1. In sample P2, Candida catenulata (7.51 log CFU/g), Geotrichum
candidum (7.50 log CFU/g), Fusarium sp. (6.72 log CFU/g), and Acremonium sp. (6.45 log
CFU/g) were predominant. When it comes to sample P3, Aspergillus versicolor (7.40 log
CFU/g), Acremonium sp. (6.56 log CFU/g), and Candida duobushaemulonii (6.32 log CFU/qg)
were the most abundant.

In the DG18 medium, these were the species that appeared in higher numbers in sample
P1: Candida catenulata (7.50 log CFU/g), Trichosporon coremiiforme (7.04 log CFU/qg), and
Trichosporon japonicum (7.03 log CFU/g). Geotrichum candidum (7.58 log CFU/g), Fusarium
sp. (6.91 log CFU/g), Candida duobushaemulonii (6.84 log CFU/g), and Penicillium
brevicompactum (6.70 log CFU/g) were the most predominant in P2, whereas a predominance
of Aspergillus versicolor (6.69 log CFU/g), Acremonium sp. (6.53 log CFU/g), and Penicillium
glabrum (6.29 log CFU/g) was observed in P3.

Fungi belonging to the genera Penicillium (7 species) and Aspergillus (8 species) were
present on the DG18 medium (Penicillium glabrum, Penicillium sp. 10, Penicillium sp. 1,

Penicillium sp. 4, Penicillium brevicompactum, Aspergillus fumigatus, Aspergillus versicolor,
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Aspergillus sydowii, Aspergillus sp. 1 section Circundati, Aspergillus melleus, Aspergillus
ochraceus, Aspergillus niger). Only one species of Penicillium (P. glabrum) and two species
of Aspergillus (A. versicolor and A. sydowii) grew on DRBC. DG18 is a dehydrated culture
medium which allows the growth of fungi that are able to grow under reduced water activity
conditions, due to its composition (18% glycerol), also the medium enables the observation of
a wide range of characteristics. In this way, the DG18 medium is commonly used as an
additional medium in the isolation and identification of the genus Aspergillus and Penicillium
(Samson et al., 2014). It proved the efficiency through the results in the present study with most
abundance of species from Aspergillus and Penicillium genera.

The species A. versicolor often dominates conidia found in air and ripening room
environments, but rarely develops in cheese (Lund et al., 1995). The occurrence of this species
IS common in ripening rooms, and it was already identified in Minas do Serro cheese ripening
rooms (Kandasamy et al., 2020; Souza et al., 2021). However, in this study, A. versicolor was
found in all analyzed samples and was predominant in sample P3. A study carried out in Italy
also reported A. versicolor’s growth in traditional Fossa cheese samples (De Santi et al., 2010).

Species P. brevicompactum (P2), A. sydowii (P1 and P3), Scopulariopsis sp. (P3), and
Alternaria sp. (P1) have been reported as common contaminants in cheese production
environments and in traditional cheeses (Anelli et al., 2019; De Santi et al., 2010; Decontardi
et al., 2017; Metin, 2018). Moreover, the species A. niger (P1, P2, and P3), A. ochraceus (P1
and P3), A. melleus (P1 and P3), and A. fumigatus (P2) were found in the samples. These species
are known to produce a wide range of mycotoxins, commonly associated with foods. However,
future studies must be carried out so that there is better knowledge of the role played by these
species in Minas cheese and to understand whether or not they produce mycotoxins when found

in cheese.
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A number of studies have shown that yeasts and filamentous fungi inhabit the most
diverse substrates and are easily found in milk and cheeses, contributing to the special cheeses’
ripening process (Anelli et al., 2019; Cardoso et al., 2015; Kirtil et al., 2021; Penland et al.,
2021; Souza et al., 2021). Potential sources that may act as vectors include ambient air,
handlers, ingredients, and cheese-making equipment (Borelli et al., 2006; Souza et al., 2021).
Most of the yeasts identified in this work are commonly reported in studies carried out with
milk and dairy products (Atanassova et al., 2016; Fadda et al., 2004; Panelli et al., 2013; Souza
et al., 2021), including Canastra cheeses (Andrade et al., 2017; Borelli et al., 2006). Even
though yeasts could not be identified through phenotypic methods, their identification at the
species level was made possible by MALDI-TOF.

Yeasts are often associated with the cheese-making process and can be found in
equipment, brine solution, and starter culture. These microorganisms are capable of
assimilating lactose, favoring their development in cheese. Several studies have shown the
presence of yeasts in different types of cheese (Andrade et al., 2017; Lavoie et al., 2012;
Moubasher et al., 2018; Souza et al., 2021).

Five species of Candida spp. were identified, which makes it the genus with the highest
number of representatives among the yeasts and corroborates with what was reported by Panelli
et al. (2013). Candida catenulata was the only yeast species common to all samples. It has been
reported in several types of cheeses (Lavoie et al., 2012; Panelli et al., 2013), including
Canastra’s (Borelli et al., 2006). This yeast plays an important role in the cheese ripening stage
due to its proteolytic and lipolytic enzymes, in addition to metabolizing lactic acid and
increasing the pH of cheeses (EI-Sharoud et al., 2009). Candida duobushaemulonii was isolated
from samples P2 and P3. This is the first report of this yeast associated with cheese production.
It was also possible to observe C. paraugosa’s incidence in sample P3 (4.82 log CFU/g), a

microorganism found in the environment and that has been reported in raw milk in Italy (Panelli
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et al., 2013) and in traditional Serpa cheese from Portugal (Santos et al., 2017). The presence
of this microorganism is a fact of concern, given that it is clinically classified as a rare yeast
and is associated with human pathologies of difficult control due to limited clinical experience,
lack of susceptibility data, and high frequency of therapeutic failure (Pérez-Hansen et al., 2019).
The occurrence of Candida duobushaemulonii in Canastra cheese samples is
remarkable. It is a species of the Candida haemulonii complex described as an emerging
invasive pathogen strongly resistant to commonly used antifungal agents, such as amphotericin
B and flucibazole (Jurado-Martin et al., 2020). This yeast is being reported in food for the first
time, since it had only been clinically reported as of now (Jurado-Martin et al., 2020; Montoya
et al., 2021). In the present study, C. duobushaemulonii was isolated in considerable amounts
from two samples: P2 (DG18: 6.84 log CFU/g) and P3 (DRBC: 6.32 log CFU/g; DG18: 5.22
log CFU/qg). This result suggests that this yeast is a natural part of the mycobiota from different
farms in Serra da Canastra. The role played by this species in Canastra cheeses still needs to be
determined. Ramos et al. (2014) identified strains of C. duobushaemulonii isolated from
hospitalized patients in Brazil and studied their susceptibility to the main antifungal agents.
Candida intermedia, Candida guilliermondii, Kodamaea ohmer, and Tolulaposra
delbrueckii were isolated from sample P2 only. Andrade et al. (2017) also reported the presence
of C. intermedia in Canastra cheese samples. This yeast’s capacity to ferment lactose is
variable, which interferes with the presence or not of lactose-rich substrates and may explain
its absence in the other samples (Andrade et al., 2017). Goerges et al. (2006) described that C.
intermedia strains isolated from cheeses have strong antilisterial activity, an important
characteristic in food processing. The yeast K. ohmeri is often isolated from fermented products
such as pickles and has already been reported in artisanal ripened cheeses (Borelli et al., 2006;
Cardoso et al., 2015; Chombo-Morales et al., 2016; El-Sharoud et al., 2009). Cardoso et al.

(2005) identified K. ohmeri as the most relevant species during Serro cheeses’ ripening, having
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protease, lipase, and -galactosidase activities. Furthermore, Borelli et al. (2006) reported this
species as the fourth most relevant in Canastra cheeses samples. The predominance of this
species in artisanal Minas cheeses from different regions suggests that it is part of the fungal
diversity of artisanal Minas cheeses. T. delbrueckii (anamorph: Candida colliculosa) is
associated with several food processes, such as the production of traditional cheeses, bread, and
wines, in addition to presenting probiotic potential (Fadda et al., 2004; Hernandez-Lopez et al.,
2003; Lavoie et al., 2012; Panelli et al., 2013). This species was also previously identified in
artisanal cheeses from Canastra and Serro, suggesting its natural relationship with the fungal
diversity of artisanal cheeses (Borelli et al., 2006; Cardoso et al., 2015). T. delbrueckii has -
galactosidase activity and does not demonstrate proteolytic and lipolytic capacities in cheese
processing (Cardoso et al., 2015; Welthagen and Viljoen, 1998).Candida guilliermondii is part
of the human microbiota and is occasionally associated with clinical cases. It is a poorly studied
species compared to other Candida species due to its lower incidence as a pathogen
(Pasqualotto et al., 2006). It is able to convert xylose into xylitol and is studied for the
conversion of agricultural industry residues into vilitol (Saravanan et al., 2021). The role of C.
guilliermondii in cheese remains unknown, since reports of this species in food cannot be found.

Geotrichum candidum was one of the predominant fungi in samples P1 (DG18: 5.67 log
CFU/g; DRBC: 7.61 log CFU/g) and P2 (DG18: 7.58 log CFU/g; DRBC: 7.50 log CFU/q).
This species is associated with early ripening stages, which explains its absence in sample P3
(Fadda et al., 2004). G. candidum is a dimorphic fungus, often characterized as an intermediate
between yeast and filamentous fungus. It grows best in moist substrates, has low salt tolerance,
and its optimal growth pH is between 5.0 and 5.5, as can be seen in sample P1 and P2 (Fadda
et al., 2004; Penland et al., 2021). G. candidum’s characteristics explain its non-identification
in sample P3 by culture-dependent methods. The use of culture-independent techniques would

be an alternative to identify strains of this species that were possibly active in the early ripening
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stages of sample P3. This fungus is found in moist and nutrient-rich substrates, being commonly
reported in dairy products and associated with cheese production (Eliskases-Lechner et al.,
2011). This specie has been often reported in cheeses (Fadda et al., 2004; Flérez and Mayo,
2006; Penland et al., 2021; Rychlik et al., 2017), including in Serro’s (Souza et al., 2021). The
lipolytic and proteolytic activities presented by G. candidum make this fungus an ally in cheese
production. The amino acid catabolism generates important volatile flavor and aroma
compounds in cheese, such as 2-methylpropanol, 3-methylbutanol, and sulfur compounds
(Eliskases-Lechner et al., 2011; Jollivet et al., 1994). Furthermore, this fungus can produce
volatile compounds or precursors of aromatic compounds such as 2-pentanone, 2-heptanone,
2-nonanone, and 2-undecanone from fatty acids (Eliskases-Lechner et al., 2011).

Kluyveromyces lactis was isolated from samples P1 and P2 and is often reported in
cheeses (Andrade et al., 2017; Atanassova et al., 2016; Borelli et al., 2006; Souza et al., 2021).
It contributes to the sensory quality and typicality of cheeses through the deacidification and
formation of flavor compounds. K. lactis is capable of producing acetaldehyde, ethanol,
branched-chain aldehydes and alcohols, and acetic acid esters which contribute with alcoholic,
fruity, and acetic notes (Atanassova et al., 2016). Furthermore, this microorganism manages to
develop inside cheeses, where other yeasts are scarce (Atanassova et al., 2016). It has
proteolytic activity over casein (Fadda et al., 2004) and directly influences the cheese's interior
texture.

Representatives of the Trichosporon genus are frequently isolated from cheese samples
(Panelli et al., 2013; Rychlik et al., 2017). In this study, the species Trichosporon japonicum
(P1) and Trichosporon coremiiforme (P1 and P2) were found in considerable quantities. Souza
et al. (2021) isolated Trichosporon japonicum in the cheese samples from Serro, the

environment, and the air of cheese factories. Cardoso et al. (2015) isolated representatives of
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the Trichosporon genus in Canastra cheeses and attributed to them the protease, lipase, and -

galactosidase activities (Szabo et al., 2018).

3.3. Volatile compounds

Using headspace GC-MS, 66 volatile compounds were identified and distributed mainly
among 5 different chemical classes: alcohols, acids, esters, aldehydes, and ketones. The relative
area (%), chemical class, and sensory perception attributed to these compounds are listed in

Table 2.
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Table 2

Odor description and relative content of the identified volatiles in Minas artisanal Canastra cheese.

Sample (Relative content**(%)

Chemical Volatile .
Class coumpounds IR Sensory Perception® P1 P2 P3
1. 1-Heptanol 088 0.297 0 0
2. 1-Hepten-3-ol 993 0 0.111 0
3. 1-Octen-3-ol 994 Fatty, fruity, grass, 0 0.306 0
mushroom, perfumy,
sweet
4. 2,3-Butanediol 814 0.205 0.482 0
5. Alcohol 2-Heptanol 938 Arcticbramble, melon,  0.181 0.945 0.423
(12) mushroom
6. 2-Nonanol 1060 Coconut 2.673 4.355 0.145
7. 2-Pentanol nd Alcoholic, ethery, 0 0.028 0.103
fruity, nutty, raspberry
8. 3-Ethyl-2-pentanol 1133 0 0.06 0
9. 3-Methyl-1-butanol nd Whiskey, malt, burnt 2.624 1.798 0
10. 5-Methyl-2-heptanol 1061 0 0 0.306
11. Benzeneethanol 1066 Perfumy, rose 0.858 1.260 0.043
12. a-Aminoisopropyl nd 3.665 0 0
alcohol
13. Acetic acid nd Acetic, acidic, vinegar  2.258 0.575 0
14, Benzeneacetic acid 1135 Honey, sweet 0 0.093 0.252
15. : Butanoic acid, 2- 946 2.514 0.491 0.607
Acid
16. Butanoic acid 882 Butter, butyric, cheese, 4.771 11.338 1.590
green, musty, oily
17. Decanoic acid 1197 Caprylic, tallow 8.829 6.130 24.655

54



18. Dodecanoic acid 1315 Caprylic, soapy, tallow  1.103 0.815 2.964
19. Heptanoic acid 1053 0 0.259 0.248
20. Hexanoic acid 1023 Caprylic, sweaty, 15.697  38.087 23.586
sweaty dirty socks,
vegetable oil
21. Isovaleric acid 939 Cheese, old hop, old 0.769 0 0.428
socks, sweaty
22. Myristic acid 1440 0 0 0.214
23. Nonanoic acid 1146 Green, fat 0 0.120 0.205
24, Octanoic acid 1202 Caprilic, oily 15.369 16.931 21.499
25. Pentanoic acid 950 Dirty socks, parmesan 0 0 0.103
cheese, sweaty
26. Propanoic acid nd Pungent, rancid, soy 0 0.074 2.456
217. Tridecanoic acid 1144 0.109 0 0
28. 1-Butanol, 3-methyl-, 914 Banana, ester, solvent, 0 0.107 0
acetate sweet
29. Delta-Octalactone 1273 Lactone, sweet 0 0.232 0.043
30. Acetic acid, 1- nd Fruity 0 0.056 0
methylpropyl ester
31. Acetic acid, 2- 1138 0.112 0 0
phenylethyl ester
32. Butanoic acid, 1- 1146 0.073 0 0
Esters ethenylhexyl ester
33. (23) Butanoic acid, ethyl 823 Apple, butter, fruity, 2.870 1.149 0.436
ester (Ethyl butanoate) papaya, perfumy,
sweet
34. Butanoic acid, propyl 931 0.071 0 0
ester (Propyl butanoate)
35. Octanoic acid, butyl 1175 Fruity 0 0 0.253
ester (Butyl octanoate)
36. Decanoic acid, ethyl 1213 Appel, caprylic, fruity,  0.166 0.500 2.060

ester (Ethyl decanoate)

solvent
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37. Delta-Nonalactone 1155 0.219 0.153 0.103

38. Dodecanoic acid, ethyl 1335 Caprylic, ester 0 0.167 0.616
ester (Ethyl
dodecanoate)

30. Hexadecanoic acid, 1461 0 0.046 0.111
ethyl ester (Ethyl
hexadecanoate)

40. Hexanoic acid, 2- 969 0 0.176 0
hydroxy-, methyl ester

41, Hexanoic acid, 2- 1074 0 0.186 0.402
methylpropyl ester

42. Hexanoic acid, ethyl 1005 Aniseed, apple, fruity, 1.718 1.492 1.270
ester (Ethyl hexanoate) green, sweet, unripe

43. Isobutyl decanoate 1290 0 0 0.140

44, Isopentyl hexanoate 1135 Caprylic, fruity, 0 0.056 0

perfumy, solvent

45, Nonanoic acid, ethyl 1209 Sickly sweet
ester (Ethyl nonanoate)

46. Octanoic acid, ethyl 1105 Apple, fruity, sweet 0 0 8.993
ester (Ethyl octanoate)

47. Propanoic acid, 2- 963 Fruity 0 0.051 0.059
methyl-, 2-
methylpropyl ester

48. Propanoic acid, 2- 1036 0.284 0.185 0
methyl-, pentyl ester

49. Propyl hexanoate 1056 Fruity 0 0.071 0.040

50. Tetradecanoic acid, 1464 Caprylic, vegerable oil 0 0 0.051
ethyl ester (Ethyl
tetradecanoate)

51. Aldehydes 3-Methylbutanal nd Apple, burnt, caramel,  0.489 0.463 0

3) cheese, cherry, cocoa,

malt, green, sickly

56
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52. Benzeneacetaldehyde 1028 Honey, sweet 0.628 0.352 0.113
53. Nonanal 1062 Aldehyde, citrus, fatty, 0.316 0.278 0
floral, green, soapy,
slightly pungent,
tallow, wax
54, 2-Dodecanone 1157 Fruity, musty 0 0 0.166
55. 2-Heptanone 923 Blue cheese, fruity, 1.531 1.946 0.886
musty, peardrops,
soapy
56. 2-Nonanone 1054 Blue cheese, fatty, 7.148 3.864 2.837
fruity, green, ketone,
musty, varnish
57. 2-Pentanone nd Acetone, sweet fruity 0 0.097 0.079
ketone
58. Ketones 2-Tridecanone 1158 Fruity, green, rancid, 0.097 0 0
9) tallow
59. 2-Undecanone 1156 Dusty, floral, fruity, 2.834 0.269 0.659
green, ketone, musty,
rose, tallow
60. 3-Octanone 996 Earthy, ethereal, 0 0.454 0
ketone, mushroom,
resinou
61. 8-Nonen-2-one 1049 1.466 0.398 0.488
62. Acetoin nd Butter, cream 1.198 0.672 0.061
63. 3-methylphenol 1047 Dry, leather, medicinal, 0.208 0 0
phenolic, tarry
64. Miscellaneous 1,7-octadiene 1147 0 0 0.061
65. 4) Methoxy phenyl oxime 968 7.293 0 0
66. Delta-Decalactone 1271 Coconut 0.425 0 0

*Qdor description found in the literature with database (Flavornet; The LRI and Odour Database)
“"Determination based on the percentage of each component relative to the total peak area.

Nd = IR lower than the lowest hydrocarbon rated.
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The the greatest diversity of compounds was observed in sample P2, with hexanoic acid
(38.08%) and octanoic acid (16.93%) being the most prevalent compounds. A total of 36 and
41 volatile compounds was detected in samples P1 and P3, respectively. The compounds that
predominated in sample P1 were hexanoic acid (15.70%), and octanoic acid (15.37%). P3 had
the lowest diversity, with decanoic acid (24.66%), hexanoic acid (23.59%), and octanoic acid
(21.50%) being the predominant ones.

Esters: this was one of the most important categories and had the largest number of
representative compounds (23). The relevance of these compounds for cheeses is due to their
low perception threshold and the contribution of fruity and floral notes to aroma and flavor
(Molimard and Spinnler, 1996; Singh et al., 2003). Table 2 shows that fruity, sweet, fragrant,
and caprylic are the most used terms to describe esters’ sensory perception. Because of their
sensory characteristics, esters contribute to flavor and aroma development in ripened cheeses,
reducing the sharpness produced by fatty acids and the bitterness of amines (Pinho et al., 2003).
The following ethyl esters were observed in all samples: decanoic acid ethyl ester (Ethyl
decanoate), hexanoic acid, ethyl ester (Ethyl hexanoate), butanoic acid, ethyl ester (Ethyl
butanoate). Hayaloglu et al. (2013) and Boltar et al. (2015) reported that ethyl esters were the
first esters to be found in Gokceada and Nanos ripened cheeses. A wide variety of ethyl esters
is commonly identified in ripened cheeses. Their concentrations tend to increase during the
ripening stage due to the enzymatic activity of microbial-origin esterases (Hayaloglu et al.,
2013).

Acids: carboxylic acids were the dominant group in relative content (Table 2). Several
short-chain fatty acids were detected in all samples, and butanoic acid, decanoic acid, hexanoic
acid, and octanoic acid were the compounds with the largest relative areas (%) among all peaks.
These contribute to the development of cheese aroma due to the strong odor, low threshold, and

because they are precursors of other highly aromatic compounds such as methyl ketones,
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alcohols, lactones, and esters (Collins et al., 2003; Molimard and Spinnler, 1996). Most free
fatty acids with 4 to 20 carbon atoms in cheese come from the lipolysis of triglycerides by
filamentous fungi (Molimard and Spinnler, 1996). Large amounts of fatty acids in the samples
are characterized by lipolysis reactions at the beginning of cheese production. These reactions
are related to the fermentative activity of microorganisms and the action of microbial lipases
released during the ripening stage (Aminifar et al., 2014; Collins et al., 2003). The presence of
ethyl butanoate (butanoic acid, ethyl ester) was observed in all samples. Furthermore, its
precursor (butanoic acid) was also observed in all samples. It can be explained by the formation
of esters in the esterification of free fatty acids and alcohols (Boltar et al., 2015).

Alcohols: 12 different alcohols were identified in the samples. Sample P3 had the lowest
diversity on this class, with only five compounds. Not only 2-heptanol, 2-nonanone and
benzeneethanol were identified in all samples, but they were also the most abundant.
Compounds 2-heptanol, 3-methyl-1-butanol, 2-pentanol, 2-nonanol, and benzene ethanol,
found in the samples, are commonly identified in ripened cheeses. The presence of some
compounds is due to their precursor’s role for other compounds. For instance, 2-heptanone acts
as a precursor of 2-heptanonol (Boltar et al., 2015; McSweeney and Sousa, 2000).

Ketones: the most identified ketones were 2-nonanone, 2-undercanone, 2-heptanone, 8-
nonen-2-one, and 3-hydroxy-2-butanone (acetoin). These were observed in all samples with a
considerable relative area. Several studies have been carried out with ripened cheeses and
detected these compounds, which corroborates the findings on this paper (Boltar et al., 2015;
Hayaloglu et al., 2013; Penland et al., 2021; Suzuki-lwashima et al., 2020). Methyl ketones are
commonly found in cheeses and are formed through the enzymatic oxidation of fatty acids.
Therefore, significant amounts of methyl ketones are expected in ripened cheeses (Boltar et al.,

2015; McSweeney and Sousa, 2000). G. candidum produces several of the volatile compounds
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or precursors of aromatic compounds found in this study, such as 2-nonanone, 2-undercanone,
2-pentanone, and 2-heptanone (Carmichael, 1957).

Aldehydes: these are not the most found volatile compounds in cheeses, as they are
transient, non-accumulative and rapidly transform into alcohols or their corresponding acids
(Hayaloglu et al., 2013; Molimard and Spinnler, 1996). Aldehydes originate from the
catabolism of fatty acids or amino acids from decarboxylation or deamination (McSweeney;
Sousa, 2000). These results corroborate those found in the literature. Only four compounds of
this class were observed, and they had small relative areas. Aldehyde concentrations are
influenced by the ripening period, with low concentrations being linked to good ripening
(Hayaloglu et al., 2013). Sample P3 had only one compound of this class

(benzeneaceetaldehyde), proving the long ripening stage underwent by the sample.

3.4. Fungal contribution to volatile profile

As it is known, fungi produce a wide variety of volatile organic compounds, which play
central roles in the sensory characteristics of ripened cheese. As can be seen in Table 3, the
fungi isolated from the Canastra cheeses contribute with several volatile compounds, mainly
esters, fatty acids, methyl ketones, and alcohols due to their enzymatic activity (Andrade et al.,
2019; Atanassova et al., 2016; Azzolini et al., 2012; Graham et al., 2011; Jollivet et al., 1994;

Larsen and Frisvad, 1995; Pasanen et al., 1997; Polizzi et al., 2012; Roostita and Fleet, 1996).
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513 Table 3
514  ldentified fungi in Canastra cheese and their volatile compound contribution
Associated Volatile Compound*

Fungi

Aspergillus sydowii 1-Octen-3-ol; 3-Octanone

Aspergillus versicolor 1-Octen-3-ol; 2-Heptanone; 2-Pentanone; 3-Octanone

Candida catenulata Butanoic acid; Decanoic acid; Dodecanoic acid;
Hexanoic acid; Myristic acid; Octanoic acid

Candida guilliermondii 2-Heptanol; 3-Methyl-1-butanol; 3-Methylbutanal; 2-
Nonanone; 2-Pentanone

Geotrichum candidum 2-Heptanol; 2-Nonanol; Butanoic acid; Hexanoic
acid; Octanoic acid; Pentanoic acid; 3-methylbutanal;
2-Heptanone; 2-Nonanone; 2-Pentanone, 2-
Undecanone

Kluyveromyces lactis 2,3-Butanediol; 3-Methyl-1-butanol; Butanoic acid;
Decanoic acid; Hexanoic acid; Ethyl butanoate; Ethyl
decanoate; Ethyl hexanoate; Ethyl octanoate; 3-
Methylbutanal; Nonanal; 2-Nonanone; 2-Pentanone;
Acetoin

Kodamaea ohmeri 2,3-Butanediol; Ethyl decanoate; Ethyl dodecanoate;
Ethyl hexanoate; Ethyl nonanoate

Penicilliun glabrum 3-Methylbutanal

Tolulaposra delbrueckii 1-Octen-3-ol; Acetic acid; Butanoic acid; Decanoic

acid; Hexanoic acid; Octanoic acid; Ethyl decanoate;
Ethyl hexanoate; Ethyl octanoate

515  Source: Andrade et al. (2019); Atanassova et al. (2016); Azzolini et al. (2012); Graham et al.
516  (2011); Jollivet et al. (1994); Larsen and Frisvad (1995); Pasanen et al. (1997); Polizzi et al.
517  (2012); Roostita and Fleet (1996).

518

519 Most of the volatile compounds’ production can be assigned to G. candidum, K. lactis,
520  T. delbrueckii, C. catenulate, and K. ohmeri. G. candidum produces methy!l ketones (55, 56, 57,
521  59), fatty acids (16, 20, 24, 25), and alcohols (5, 6) which contribute with fruity, floral, sweaty,
522  musty, cheesy, oily, and buttery notes. Moreover, K. lactis produces alcohols (4, 9), fatty acids

523 (16, 17, 20), esters (33, 36, 42, 46), aldehydes, and ketones (51, 53, 56, 57, 62), responsible for
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the following aromatics notes: whiskey, malt, burnt, oily, cheesy, buttery, sweety, fruity,
caramel, green, floral, waxy, and creamy. In addition, T. delbrueckii, C. catenulata, and K.
ohmeri contribute to the cheese’s aromatic complexity enrichment with alcohols, fatty acids,

and esters given a wide range of sensory notes.

3.5. Principal Component Analysis

Principal component analysis was performed to simplify data from volatile profile (Fig.
4a) and fungal community (Fig. 4b) of Canastra cheeses from three different farmhouses. The
results made it possible to precisely distinguish each sample, as can be seen in Figure 3. The
analysis shows all three samples differ among themselves for the two parameters availed. PC1
described 70.82% and 59.35% of the variation in Fig. 3a and Fig. 3b, respectively.

In P1, a great occurrence of the follow volatile compounds Acetic acid, 2-methyl-
butanoic acid, ethyl butanoate, 2-nonanone, 2-undecanone, 8-Nonen-2-one was observed. In
addition, the species C. catenulata, C. cladosporioides (complex), Trichothecium sp., T.
coremiiforme, and Kluyveromyces lactis were more abundant in P1. Fusarium sp., Geotrichum
candidum and Gibellulopsis sp. were observed most frequently in sample P2. The same
happened with the compounds 2,3-butanediol, 2-heptanol, butanoic acid, hexanoic acid and 6-
octalactone, which were associated with sample P2. Additionally, decanoic acid, dodecanoic
acid, octanoic acid, propanoic acid, decanoic acid ethyl ester, dodecanoic acid ethyl ester,
Aspergillus niger, Aspergillus versicolor and Acremonium sp. were more abundant in P3.

Although they are not presented in the PCA, some volatile and species were identified
only in one sample. For instance, 1-heptanol, a-aminoisopropyl alcohol, tridecanoic acid, 1-
methylpropyl ester acetic acid, 2-phenylethyl ester acetic acid, 1-ethenylhexyl ester butanoic

acid, propyl ester butanoic acid, 2-tridecanone, 3-methylphenol, methoxy phenyl oxime, delta-
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decalactone, Trichosporon japonicum, and Alternaria sp. were identified only in sample P1.
However, 1-Hepten-3-ol, 1-Octen-3-ol, 3-Ethyl-2-pentanol, 1-Butanol-3-methyl-acetate,
Isopentyl hexanoate, 3-Octanone, Kodamaea ohmeri, Penicillium brevicompactum, Aspergillus
fumigatus, Torulaspora delbrueckii, Candida guilliermondii and Candida intermedia were only
evidenced in P2. Finally, 5-Methyl-2-heptanol, myristic acid, pentanoic acid, butyl octanoate,
isobutyl decanoate, octanoic acid ethyl ester, tetradecanoic acid ethyl ester, 2-dodecanone, 1,7-

octadiene, Scopulariopsis sp. Candida pararugosa were identified only in sample P3.
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Fig. 4. Principal compont analysis: (A) the volatile compounds and (B) the fungal diversity of
P1, P2 and P3 samples of Artisanal Minas Cheese.

(A) 1. 2,3-Butanediol; 2. 2-Heptanol; 3. 2-Nonanol; 4. 2-Pentanol; 5. 3-Methyl-1-butanol; 6.
Benzene ethanol; 7. Acetic acid; 8. Benzeneacetic acid; 9. Butanoic acid, 2-methyl-; 10.
Butanoic acid; 11. Decanoic acid; 12. Dodecanoic acid; 13. Heptanoic acid; 14. Hexanoic acid,;
15. Isovaleric acid; 16. Nonanoic acid; 17. Octanoic acid; 18. Propanoic acid; 19. &-
Octalactone; 20. Ethyl butanoate; 21. Ethyl decanoate; 22. Delta-Nonalactone; 23. Ethyl
dodecanoate; 24. Ethyl hexadecanoate; 25. Hexanoic acid, 2-hydroxy-, methyl ester; 26.
Hexanoic acid, 2-methylpropyl ester; 27. Ethyl hexanoate; 28. Ethyl nonanoate; 29. Propanoic
acid, 2-methyl-, 2-methylpropyl ester; 30. Propanoic acid, 2-methyl-, pentyl ester; 31. Propyl
hexanoate; 32. 3-Methyl-1-butanal; 33. Benzeneacetaldehyde; 34. Nonanal; 35. 2-Heptanone;
36. 2-Nonanone; 37. 2-Pentanone; 38. 2-Undecanone; 39. 8-Nonen-2-one; 40. Acetoin. (B) 1.
Fusarium sp.; 2. C. catenulata; 3. C. cladosporioides (complex); 4. Trichothecium sp.; 5. T.
coremiiforme; 6. Acremonium sp.; 7. G. candidum; 8. Candida duobushaemulonii; 9. P.
glabrum; 10. Penicillium sp. 1; 11. Aspergillus versicolor; 12. Aspergillus sydowii; 13.
Aspergillus melleus; 14. Aspergillus ochraceus; 15. Aspergillus niger; 16. Gibellulopsis sp.;
17. Morphotype 1; 18. Morphotype 2; 19. Kluyveromyces lactis.
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4. Conclusion

The fungal community present in artisanal Minas cheese from Canastra is diverse and its
importance is underestimated. The present study provided a clear picture of the fungal diversity
of Canastra cheeses. It confirmed that the composition can vary from farm to farm and that the
relative proportions of yeats and molds can change considerably. The most abundant acids
detected were hexanoic acid, octanoic acid, and decanoic acid; the most abundant ester
compounds were ethyl hexanoate, ethyl decanoate, and ethyl butanoate, and the most prevalent
ketones were 2-Nonanone, 2-Heptanone, and 2-Undecanone. Those compounds can be mainly
associated with the presence of G. candidum, K. lactis, T. delbrueckii, C. catenulate, and K.
ohmerim, which are responsible for the sensory notes of musty, oily, fruty, malt, burnt cheesy,
buttery, sweety, green, floral, waxy, among others. However, further studies should be

performed to identify the specific contribution and role of each species on Canastra cheese.
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