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RESUMO

O Queijo Minas Artesanal (QMA) é o mais antigo e tradicional queijo brasileiro,
sendo produzido em varias regides do estado de Minas Gerais, dentre elas, o
Serro. O QMA do Serro € um produto tombado como patrimdnio imaterial e
possui selo de Indicacdo Geografica (IG). O QMA do Serro € produzido a partir
de leite cru, utiliza-se o ‘pingo’, como indculo, e coalho comercial. O ‘pingo € um
soro-fermento salgado com diferentes bactérias laticas, que € obtido da
dessoragem dos queijos fabricados no dia anterior. Segundo a legislacao
vigente, o QMA do Serro deve ser produzido e maturado na propriedade de
origem por, pelo menos, 17 dias. No processamento do QMA tipico, a casca é
lavada a cada 2 ou 3 dias, durante a maturagédo. No entanto, alguns produtores
da regido tém optado por ndo realizar a lavagem da casca, resultando em um
queijo diferenciado, com a casca fungada. Esta pesquisa teve como objetivo
estudar o processo de maturacdo do QMA do Serro produzido no inverno e no
verao, em condi¢cdes ambientais, de temperatura e umidade nao controladas, ao
longo de 60 dias, avaliando a influéncia da etapa de lavagem da casca nhas
caracteristicas finais do produto. Para avaliar essa alteracdo na etapa de
maturacdo do QMA do Serro, foram utilizadas diferentes técnicas analiticas. As
amostras foram submetidas as seguintes andlises: eletroforese TRICINE-SDS-
PAGE, determinacdo dos indices de extensédo e de profundidade de protedlise;
teor de umidade e firmeza instrumental. A andalise sensorial foi realizada por meio
de testes de aceitacdo, da aparéncia e de aroma/sabor/textura, e aplicacdo de
questionario CATA para levantar os atributos de aroma, sabor, cor, textura e
aparéncia para caracterizarcdo das amostras. Os resultados demonstraram que
houve diferenca maior entre os produtores do que ao longo do tempo de
maturacdo. A auséncia da lavagem da casca ocasionou modificacdes
significativas nas caracteristicas dos queijos, tanto nas relacionadas ao perfil de
protedlise, quanto em relacdo as caracteristicas sensoriais e analises
instrumentais. Os queijos tiveram diferentes perfis de protedlise. Houve
diminuicdo de umidade e aumento de firmeza instrumental ao longo da
maturacdo. Os queijos com a casca fungada nao tiveram a aparéncia aceita, mas
as caracteristicas de sabor/aroma/textura agradaram aos consumidores. No
inverno os queijos mais aceitos foram os maturados por 17 dias, que foram
descritos como "macio”, "cremoso" e tendo "aspecto Umido", enquanto no verao,
0s queijos maturados por 30 e 60 dias tiveram maior aceitacao e foram descritos
como “ressecados”, “firmes” e com a “crosta grossa”. Os resultados obtidos neste
estudo sugerem que o terroir dos QMAs esté ligado ao local de produgéo do leite,
do queijo e da manipulacdo ao longo da maturacdo, visto que 0s queijos
estudados de trés propriedades da mesma regido apresentaram caracteristicas
finais distintas.

Palavras-chave: analise sensorial, CATA, proteodlise, indice de maturacao,
terroir.
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ABSTRACT

The Artisan Minas Cheese (AMC) is the oldest and most traditional Brazilian
cheese, it is produced in several regions of the state of Minas Gerais, among
them, the Serro, which was the object of this research. AMC-Serro is a product
registered as an intangible heritage and has a Geographical Indication (IG) seal.
AMC-Serro is produced from raw milk, using the pingo as an inoculum and
commercial rennet. The pingo is a salted whey with endogenous bacteria drained
from the cheese made the day before. According to the current legislation, AMC-
Serro must be ripened on the original farm for at least for 17 days. In the
processing of the typical AMC-Serro, the rind is washed every 2 or 3 days,
however, some producers in the region have chosen not to wash the rind,
resulting in a differentiated cheese, with a fungus rind. This research aimed to
study the ripening process of AMC-Serro under uncontrolled temperature and
humidity at room conditions, over 60 days, evaluating the influence of the rind
washing step on the final characteristics of the product. To assess this change in
AMC processing, different analytical techniques were used. The samples were
subjected to the following analyzes: TRICINE-SDS-PAGE electrophoresis,
determination of proteolysis extension and depth indices; moisture content and
instrumental firmness. Sensory analysis was performed through acceptance
tests, appearance, and color/aroma/flavor/texture, and CATA questions was also
applied to survey the attributes of taste, color, texture and appearance to
characterize the cheeses. The results showed that the differences were greater
due to the producers rather than to the ripening time. The absence of rind
washing caused significant changes in the characteristics of the cheeses, both in
terms of the proteolysis profile and in relation to the sensory and instrumental
characteristics. The cheeses had different proteolysis profiles. There was a
decrease moisture and an increase in instrumental firmness throughout ripening.
In winter the most accepted cheeses were those ripened for 17 days, which were
described as "soft", "creamy" and being "moist appearance", while in summer,
cheeses ripened for 60 days were more accepted and described as "dried up”,
"firm", and having a “thick crust". According to the results obtained in this study,
it is possible to sugest that the AMCs terroir is linked to the place of milk
production, cheese producing and ripening, the cheeses studied were from three
farms in the same region but they had really different final characteristics.

Keywords: sensory analysis, CATA, proteolysis, ripening index, terroir.
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INTRODUCAO GERAL

O queijo Minas Artesanal € o queijo mais conhecido e um dos principais
produtos artesanais brasileiros. Acredita-se que a producéo de queijo no Brasil,
tenha iniciado no estado de Minas Gerais com 0s imigrantes portugueses,
durante o ciclo da mineracdo do ouro, no século XVIII (Martins, 2006). Trata-se,
portanto, de um produto com trés séculos de historia e cultura. Apesar disso,
ainda ha pouca informacado cientifica sobre este queijo. Atualmente, Minas
Gerais tem sete regides tradicionais produtoras de queijo, dentre elas, destaca-
se a regido do Serro.

Por sua importancia histérica, em 2008, a forma de produzir o queijo Minas
foi tombada como Patrimonio Imaterial do Brasil pelo Instituto do Patrimonio
Historico e Artistico Nacional (IPHAN) (IPHAN, 2008; Monteiro, 2018). Em 2011,
o Instituto Nacional de Propriedade Industrial (INPI) concedeu ao Queijo Minas
Artesanal do Serro um selo de Indicacdo Geografica (IG), sendo o primeiro queijo
brasileiro a receber tal distingdo (INPI, 2011).

Por ser produzido a partir de leite cru, a comercializagdo do queijo Minas
artesanal foi proibida durante muito tempo, sendo considerada uma atividade
clandestina, uma vez que, a legislacdo brasileira exige que queijos produzidos
com leite cru sejam maturados por, no minimo, 60 dias (Brasil, 1996). De forma
geral, os queijos artesanais sdo comercializados frescos ou maturados por
periodos inferiores aos exigidos pela legislacdo vigente.

Na fabricacdo do queijo Minas artesanal, além de leite cru, emprega-se o
‘pingo’, como inéculo. O ‘pingo’ é o soro-fermento obtido da dessoragem dos
queijos produzidos no dia anterior. Outra caracteristica deste queijo € que,
durante a maturacao, ocorre a lavagem da casca a cada 2 ou 3 dias. Porém,
alguns produtores do Serro tém optado pela ndo realizacdo desta etapa, o que
originou um novo tipo de queijo na regido, o queijo com casca fungada, este novo
produto tem agradado aos consumidores, agregando valor e inovacao ao queijo
artesanal mineiro, porém, ainda nao foi devidamente estudado.

Nos ultimos anos, muitos consumidores brasileiros passaram a ter maior
interesse por produtos artesanais, valorizando os queijos artesanais nacionais.
Devido ao fato de serem processados com leite cru e as condicdes
processamento, estes queijos estdo sujeitos a maior contaminacéo

microbiolégica, que pode ocorrer nas diferentes etapas de producdo, desde a
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obtencao do leite cru até o manuseio do queijo durante a maturacdo. Além disso,
0 queijo pode estar associado a diferentes tipos de zoonoses e, portanto, é de
extrema importancia que se cumpram requisitos em relacdo a saude publica,
seguranca microbiolégica e padronizacdo da qualidade de forma geral, deste
produto.

Tendo em vista a possibilidade de comercializar queijos artesanais fora
do estado de Minas Gerais, devido ao reconhecimento pelo mercado brasileiro
e a mudanca na legislacdo, os produtores se viram diante da possibilidade de
expandir seus negocios e ampliar a captacdo de recursos. Entretanto, para isso,
€ necessario ajustar as técnicas de fabricacdo para atender a legislacéo e,
também, as exigéncias dos clientes.

Nos ultimos 10 anos, varios estudos foram realizados com o objetivo de
avaliar a qualidade e a seguranca microbiol6gica destes queijos, alguns deles
foram utilizados para subsidiar a legislacdo e determinar o tempo minimo de
maturacdo do QMA do Serro para ser considerado microbiologicamente seguro
(Santos, 2010; Nobrega, 2012; Martins et al., 2014; Figueiredo et al., 2015; Duch,
2015). No entanto, estes estudos foram conduzidos com 0s queijos maturados
em laborat6rio, sob condi¢cdes controladas de temperatura e umidade. De acordo
com a legislacdo vigente, os queijos artesanais devem ser maturados na
propriedade de origem em temperatura ambiente, 0 que ocasiona uma variagcao
maior nas caracteristicas do que as que ocorrem quando 0S queijos sdo
maturados em uma camara com condicfes controladas.

Essa foi a primeira pesquisa realizada para estudar os QMA'’s do Serro
maturados na propriedade de origem, com leite cru, em condi¢cdes ambientais
nao controladas, nas chamadas “sala dos queijos” ou “sala de maturagéo”. Tanto
dos queijos de casca lavada a cada trés dias (QMA do Serro tipico), quanto dos
gueijos sem a etapa de lavagem, queijos com casca fungada, que sdo uma
inovagao na regiao.

Esta tese faz parte do projeto “Determinacdo do periodo minimo de
maturacdo para garantir a seguranca microbiologica e a qualidade do Queijo
Minas Artesanal do Serro” — MINASERRO, da Embrapa Agroindustria de
Alimentos, iniciado em 2016, em parceria com a Universidade Federal dos Vales
do Jequitinhonha e Mucuri (UFVJM). Como resultado deste projeto, além dessa
Tese de doutorado, foram produzidas duas dissertacdes de Mestrado no
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Departamento de Zootecnia da UFVJM, em Diamantina (MG), localizada
préxima ao municipio do Serro. Nestas dissertacfes, as amostras de QMA do
Serro que foram utilizadas no presente estudo, foram avaliadas quanto as
caracteristicas fisico-quimicas e microbiologicas ao longo da maturagdo, em
duas estacdes do ano. A primeira dissertagao caracterizou os queijos produzidos
no inverno de 2018 e, a segunda, 0s queijos produzidos no verdo de 2019. Os
estudos foram realizados por Figueiredo (2018) e Peres (2019) e alguns
resultados destes estao apresentados no Capitulo 1 — Reviséo de Literatura, da
presente tese.
Essa tese de doutorado esta estruturada da seguinte forma:

e Capitulo 1: Revisao de Literatura sobre o queijo Minas artesanal do Serro,
nesta revisdo sdo apresentados 0s principais estudos ja realizados com o
QMA do Serro, sera formatada para submissdo na Revista Research,
Society and Development;

e Capitulo 2: Artigo cientifico intitulado Optimization of the Electrophoresis
Tricine-SDS-PAGE for Simultaneous Detection of Protein and Peptide in
Artisinal Cheese publicado pela Journal of Agricultural Science and
Technology B. Este trabalho teve como objetivo otimizar o método de
eletroforose (Tricine-SDS-PAGE) para monitorar a grau de hidrolise das
caseinas durante o periodo de maturacdo do queijo artesanal, com esta
otimizacdo, a imagem das proteinas e dos peptideos nos géis de
poliacrilamida foi melhorada, a retirada da gordura das amostras
possibilitou uma adequada corrida dos géis, proporcionando a
visualizacdo clara das diferentes bandas de proteinas e peptideos;

e Capitulo 3: Artigo cientifico intitulado Artisan Minas cheese of Serro:
proteolysis during ripening publicado pela revista Heliyon. Este trabalho
avaliou a protedlise do QMA do Serro dos trés produtores, durante 60 dias
de maturacdo e relacionou a protedlise com as fazendas produtoras, a
época de producdo e a lavagem da casca durante a maturacao, concluiu-
se que o perfil de protedlise dos queijos foi influenciado pelos seguintes
fatores: temperatura, umidade dos queijos, localizagdo da sala de
maturacédo, época de producao e lavagem da casca,;

e Capitulo 4: Artigo cientifico intitulado Sensory evaluation of Artisan Minas
Cheese of Serro over 60 days of ripening using CATA questions
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submetido a revista British Food Journal. Este estudo teve como objetivo
caracterizar sensorialmente o QMA do Serro de trés produtores durante
os 60 dias de maturacdo, no inverno e no verao, 0s resultados
demonstraram que houve diferenca entre os queijos dos diferentes
produtores com relacdo a aceitagdo da aparéncia e de
sabor/aromal/textura e caracterizacao dos atributos através do CATA;

e Conclusao geral: resumo das principais conclusdes desta pesquisa;

e Anexo: Comunicado Técnico da EMBRAPA intitulado Método de
Eletroforese de Proteinas TRIS/TRICINA Modificado para Identificacdo da
Hidrolise das Caseinas ao Longo da Maturacdo de Queijos. Este
comunicado teve como objetivo apresentar a técnica de eletroforese
TRIS/TRICINA modificada pela inclusdo da etapa de retirada da gordura
das amostras de queijo modificada, que se mostrou eficiente na
identificacdo das diferentes fragdes de proteina (com bandas claras e sem

distorcoes).
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OBJETIVOS

Objetivo geral

Estudar o processo de maturacdo do queijo Minas artesanal do Serro ao longo

de 60 dias, avaliando a influéncia do tempo, dos produtores (maturacdo em

condicBes ambientais) e da etapa de lavagem da casca nas caracteristicas finais

do produto.

Obijetivos especificos

Avaliar a protedlise do queijo ao longo do periodo de maturacao;
Avaliar a aceitacao dos queijos maturados por diferentes periodos;
Determinar a umidade e firmeza instrumental dos queijos;

Caracterizar sensorialmente 0s queijos ao longo do periodo de

maturacao;

Comparar as caracteristicas de maturacdo do QMA produzidos por
diferentes produtores;

Comparar as caracteristicas de maturacdo do QMA produzido em duas

épocas do ano (inverno e verao).
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Capitulo 1



Reviséo de Literatura: Queijo Minas Artesanal do Serro

1. Queijos artesanais

N&o se conhece exatamente a origem dos queijos, 0s primeiros foram
produzidos utilizando-se leite cru e com a producédo do acido latico a partir da
fermentacao espontanea pelas bactérias laticas naturalmente presentes no leite.
Apés a fermentacdo, separava-se a caseina coagulada do soro, 0 queijo era
moldado, prensado e salgado, esta Ultima etapa tinha o objetivo de preservar o
produto (Bachmann et al., 2011).

A longa historia de fabricacdo de queijos em diferentes paises europeus
é responsavel pela forte tradicdo do consumo de queijos de leite cru na Europa.
Paises como Franca, Italia, Espanha, Grécia e Suica possuem vasta tradicdo na
fabricacdo de queijos de leite cru com diferentes terroirs, varios destes queijos
sao registrados como produtos com Designacdo de Origem Protegida (DOP)
(Bachmann et al., 2011; Montel et al., 2014).

De acordo com a Lei Federal 13.860/2019, o queijo artesanal deve ser
elaborado por métodos tradicionais, com vinculacdo e valorizacdo territorial,
regional ou cultural, conforme protocolo de elaboracdo especifico estabelecido
para cada tipo e variedade, com emprego de Boas Praticas Agropecuérias e
Boas Préticas de Fabricacéo (Brasil, 2019).

Os queijos artesanais tém sido objeto de inUmeros estudos devido a
importancia econbmica e social para as regides onde sdo produzidos.
Reconheceu-se que estes queijos constituem um nicho de mercado importante,
os produtores podem ter vantagem competitiva, melhorando e padronizando a
qualidade do produto (Murphy et al., 2016). A cadeia dos queijos artesanais tem
grande importancia social devido ao fato de permitir a manutencdo dos
produtores e suas familias nas regides de origem, mantendo a tradicéo histérica
e cultural da arte de fazer queijo (Pinto, 2009).

A pratica queijeira brasileira se difundiu por todo o territério nacional, em
pequenas propriedades rurais, gerando produtos variados, apesar disso, ainda
€ pouco documentada, provavelmente, devido ao carater informal de muitos
destes produtos (Nobrega, 2012).

Em diferentes regiées do mundo, assim como no Brasil, queijos de leite

de vaca, cabra e ovelha sdo produzidos em fazendas seguindo técnicas
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tradicionais e sem adicdo de bactérias laticas industriais, estes queijos sao
conhecidos como queijos artesanais ou tradicionais (Randazzo et al., 2009;
Montel et al., 2014).

2. Queijo Minas Artesanal

Minas Gerais € o principal estado produtor de queijos do Brasil, tem a
maior producdo e comercializacdo, além de possuir uma grande variedade de
queijos artesanais de leite cru (Martins et al., 2015; Monteiro e Chaves, 2018;
Sant’/Anna et al., 2019). Os queijos mineiros representam um dos mais antigos e
tradicionais produtos artesanais fabricados no Brasil, sdo nomeados de acordo
com a regiao de origem e, em geral, constituem a principal fonte de renda e
subsisténcia de muitos produtores rurais do estado (Cardoso et al., 2013;
Andretta et al., 2019).

A legislacdo estadual mineira define queijo artesanal como o queijo
elaborado com leite integral fresco, cru e com caracteristicas de identidade e
qualidade especificas (Minas Gerais, 2018). De acordo com a Empresa de
Assisténcia Técnica e Extensdo Rural do Estado de Minas Gerais (Emater-MG),
o Queijo Minas Artesanal é elaborado em estabelecimento individual ou coletivo,
a partir do leite cru, higido, integral e recém ordenhado, utiliza-se para
fermentacao, o ‘pingo’; para a coagulagao, o coalho industrial e, na prensagem,
€ permitido apenas o processo manual. O produto deverda apresentar
consisténcia firme, cor e sabor préprios, massa uniforme, isenta de corantes e
conservantes, com ou sem olhaduras mecanicas, conforme a tradi¢cdo histérica
e cultural da regido do Estado onde foi produzido (Emater, 2020). O ‘pingo’ € o
soro salgado e fermentado, obtido ao final da dessoragem dos queijos artesanais
do dia anterior, € armazenado até o dia seguinte, a temperatura ambiente, possui
elevado teor de sal e uma microbiota endégena que atua como cultura starter na
producédo do queijo (Castro et al., 2016; Emater, 2020).

Devido a importancia historica do QMA, em 2008, o modo artesanal de
fazer queijo Minas foi reconhecido como patriménio imaterial do Brasil pelo
Instituto do Patriménio Histdrico Artistico e Natural (IPHAN), como uma forma de
preservar este conhecimento, o “saber fazer”, que foi passado de geragao para
geracédo (IPHAN, 2008). Estes queijos sobreviveram as pressfes dos processos

produtivos, ndo somente pelo apego as tradicbes, mas também, devido ao
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isolamento das propriedades produtoras de queijo, que ficam dispersas nas
colinas e vales do estado de Minas Gerais. As distancias entre as propriedades
rurais, as condi¢cdes peculiares de cada uma delas contribuiram para a
preservacdo das caracteristicas proprias e Unicas destes queijos, além do
grande valor cultural e econémico (EMATER, 2011).

As principais regides tradicionais de Minas Gerais sdo Serro, Araxa, Serra
da Canastra, Cerrado, Triangulo Mineiro e Campo das Vertentes, sendo que, 0s
gueijos mais famosos e consumidos séo os da Canastra e do Serro. Os queijos
das diferentes regibes tém caracteristicas que variam em funcdo do clima,
altitude, relevo, vegetacédo (alimentacdo do rebanho), temperatura e microbiota
enddgena existente em cada local (Licitra et al., 2019). Estas caracteristicas
resultam em sabores diferenciados e peculiares que podem ser chamadas de
terroir (Campagnollo et al., 2018; Andretta et al., 2019; Sebrae, 2020). Terroir &
uma caracteristica individual de uma determinada regido que esta relacionada
ao territorio e ao ambiente particular, que ira expressar as peculiaridades de um
produto, tornando-o Unico (Tonietto, 2007). A definicdo e o entendimento da
atuacao da microbiota ao longo da maturagdo dos queijos artesanais podem
contribuir para estabelecer as indicacfes geograficas, a exemplo do que ocorre

na Europa (Sant'’Anna et al., 2019).

3. Processo de maturacao do queijo

A maturacdo pode alterar significativamente as caracteristicas e agregar
valor aos queijos artesanais. Este periodo promove alteracdes que resultam no
desenvolvimento das caracteristicas sensoriais de sabor, textura, aparéncia e
aroma do queijo, podendo variar de alguns dias a mais de 2 anos (McSweeney,
2004; Johnson, 2017). Os queijos artesanais produzidos com leite cru possuem
sistemas complexos que resultam em caracteristicas sensoriais Unicas
influenciadas pelo local de producdo e de maturacdo; pelas variacdes
edafoclimaticas locais; pela microbiota endogena e pelas caracteristicas do leite
in natura e variam com a tradicdo de cada produto (Licitra, 2010; Martins et al.,
2015).

O processo de maturacdo dos queijos envolve inUmeras alteracdes

microbiolégicas, quimicas, fisicas e bioquimicas realizadas sob a influéncia dos
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fatores ambientais, da acédo de diferentes enzimas atuando nos principais
compostos dos queijos e acidos organicos produzidos, pela microbiota
naturalmente presente no leite cru ou adicionada. As alteracdes promovidas ao
longo da maturacdo sdo importantes para o desenvolvimento das diferentes
caracteristicas de cadatipo de queijo (Dolci et al., 2010; Sihufe et al., 2010; Costa
Janior et al., 2014; Cardoso et al., 2015).

Nesta etapa, ocorre uma série de fendbmenos complexos, com inumeras
reacBes quimicas e bioquimicas que formam diferentes metabdlitos provenientes
da hidrolise da lactose, da gordura e das proteinas, resultando na formacéo de
cetonas, acidos graxos livres, peptideos e aminoacidos que irdo conferir o sabor,
o aroma e interferir na textura. Durante a maturacdo, ocorrem, ainda, alteracdes
nas caracteristicas intrinsecas do queijo como no pH, umidade e atividade de
agua (Fox et al., 2004). E importante salientar que a acidez exerce influéncia na
multiplicacdo dos microrganismos e na atividade enzimatica ao longo da
maturacdo (Lavasani et al., 2011).

O metabolismo da lactose é resultado da acdo dos microrganismos
presentes no leite e, no caso do QMA do Serro, da microbiota do ‘pingo’. As
bactérias laticas produzem &acido latico a partir da fermentacdo da lactose,
embora, a maior parte seja eliminada no soro, 1 a 2% da lactose permanece no
queijo fresco, sendo quase totalmente metabolizada pelas bactérias laticas, em
cerca de 12 horas (Fox et al., 2004a).

A lipdlise € limitada na maioria dos queijos, devido ao fato das bactérias
laticas serem fracamente lipoliticas, no entanto, a gordura do leite exerce
importante papel no desenvolvimento do sabor do queijo durante a maturagéo,
podendo gerar sabores, tanto desejaveis, quanto indesejaveis (Giazzi et al.,
2020). A presenca de esterases e lipases promove a liberacdo de acidos graxos
ao longo da maturacdo e, quando sdo de cadeia curta, geram um sabor
desagradéavel ao queijo, conhecido como ranco, um defeito que pode ser gerado
pela rancidez oxidativa ou hidrolitica (Collins et al., 2003). A oxidacao lipidica
nao ocorre de forma significativa em queijos, porém, a rancidez hidrolitica, devido
a acao de lipases, acontece mais frequentemente, sendo a principal responsavel
pela formacgéo dos sabores indesejaveis (Sobral et a., 2017).

Entre as reagdes que ocorrem durante a maturacdo, a mais complexa e

7z

importante € a protedlise, uma vez que, ela € a principal responsavel pela
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modificacdo da textura, tornando o queijo mais macio, liso e cremoso, além de
contribuir, significativamente, no desenvolvimento do sabor. Segundo Fox et al.
(2004b), a protedlise contribui na maturacdo de queijos de maneiras distintas,
podendo contribuir diretamente na formacdo dos compostos de sabor
caracteristicos ou na formacgéo de sabor amargo residual, ou indiretamente, via
catabolismo de aminoacidos, aminas, acidos, tidis e tioésteres, entre outros.
Ocorre 0 aumento da liberacdo de compostos de sabor durante a mastigacao e
a modificacdo da textura devido a hidrélise da rede proteica. Também ocorre o
aumento do pH, da ligacdo com a agua e formacdo de grupos aminas e
carboxilas, via formacgéo de amonia (NHzs). A proteoslise excessiva é responsavel
pelo defeito de formacao de peptideos pequenos que conferem sabor residual
amargo (Fox e McSweeney, 1998; Fox et al., 2004b).

As enzimas responsaveis pela maturacdo dos squeijos podem ser
provenientes de diversas fontes, tais como, o coagulante adicionado ao leite, que
sdo proteases de origem animal, microbiana ou vegetal; o metabolismo dos
microrganismos, originalmente presentes no leite cru, adicionados (bactérias
laticas) ou de outros microrganismos que se multiplicam no interior e/ou na
superficie dos queijos (bolores, leveduras ou bactérias, o fermento secundario);
além das enzimas naturalmente presentes do leite (como a plasmina) e enzimas
produzidas pelos microrganismos adicionados, ou ainda, pelos contaminantes
(Fox, 1993; Johnson, 2017).

Diferentes microrganismos desempenham um papel fundamental na
maturacdo dos queijos (Beresford et al., 2001). Na fabricacdo do queijo com leite
cru, 0S microrganismos presentes no leite migram para a massa do queijo e
podem se multiplicar durante a maturacéo, alguns permanecem no produto,
enquanto outros sdo eliminados ao longo deste processo (Perin, 2019). As
mudanc¢as microbioldgicas incluem a morte e lise das células das bactérias
laticas e a multiplicacdo da microbiota secundéaria presente no produto
(McSweeney, 2004). O processo de maturagcao pode, ainda, contribuir para a
reducdo de microrganismos patogénicos presentes no queijo (Brant et al., 2007).

A microbiota dos queijos Minas artesanais € influenciada diretamente
pelos microrganismos presentes no leite cru e no ‘pingo’, essenciais para a
maturacdo. Caracteristicas como localizagéo geografica, umidade e acidez estdo

fortemente ligadas a composi¢cao da microbiota e ao tempo de maturacdo. Varios
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fatores como fonte da matéria-prima, praticas de fabricacdo e caracteristicas
ambientais da regido podem determinar a diversidade e a dinamica das culturas
microbianas, bem como, as caracteristicas sensoriais e a qualidade dos produtos
(Sant'Anna, et al., 2019). A microbiota enddgena € Unica e caracteristica de cada
regido e de cada propriedade produtora de queijo artesanal, resultando no terroir

tipico de cada tipo de queijo (Montel et al., 2014).

4. Legislagcéo

Ao longo do tempo, a legislacédo brasileira teve inUmeras alteracdes em
relacdo a producédo dos queijos, em especial, aos artesanais. Nos ultimos anos,
varias acdes tém sido realizadas para tentar retirar os queijos artesanais da
informalidade/clandestinidade e permitir que estes produtos possam ser
comercializados em diferentes estados. Com a criacdo do Regulamento da
Inspecdo Industrial e Sanitaria de Produtos de Origem Animal (RIISPOA), em
1952, diversos queijos foram agrupados na categoria de queijos Minas
artesanais. Posteriormente, em 1962, o decreto 1.255 estabeleceu que estes
gueijos s6 poderiam ser comercializados 10 dias ap0s a fabricacao.

Foi a partir de 1996 que a Portaria n® 146 do Ministério da Agricultura,
Pecuaria e Abastecimento (MAPA) estabeleceu que o periodo minimo de
maturacdo para queijos elaborados a partir de leite cru deveria ser, no minimo,
de 60 dias (Brasil, 1996). Porém, na maioria dos queijos artesanais, ou essa
etapa € inexistente ou é realizada por um periodo ndo superior a 8 dias, ou seja,
inferior ao estabelecido pela legislacdo. Apos 60 dias de maturacdo, a maioria
dos queijos tornam-se secos e duros, com caracteristicas fisico-quimicas e
sensoriais diferentes dos QMA'’s tradicionalmente consumidos e comercializados
ha 300 anos (Dores, 2013). Além disso, a maioria das propriedades rurais nao
tem infraestrutura e nem recursos financeiros para maturar os queijos por longos
periodos.

Com o objetivo de possibilitar a producédo e a comercializacdo de queijos
artesanais, em 2013, por meio da Instrucdo Normativa (IN) N° 30, o MAPA
passou a permitir a producao de queijos artesanais tradicionais elaborados a
partir de leite cru e maturados por periodo inferior a 60 dias. Porém, a reducéo
do tempo de maturacdo, deveria ser amparada por estudos técnico-cientificos

que comprovassem que esta redu¢cdo nao comprometeria a inocuidade e a
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qualidade dos queijos. Esta permissdo ocorreu apds o0 reconhecimento dos
queijos artesanais como patrimonio imaterial brasileiro e estava restrita as
queijarias situadas em regides com indicacdo geografica registrada ou em
regides produtoras tradicionalmente reconhecidas, como é o caso da regido do
Serro (Brasil, 2013).

Em seguida, também em 2013, a Portaria n° 1305 do Instituto Mineiro de
Agropecuaria (IMA) estabeleceu as diretrizes para o tempo de maturacéo e
definiu 17 dias como o periodo minimo de maturacao para o0 QMA do Serro. A
portaria exige, ainda, o cadastro das queijarias artesanais e certificacdo da
qualidade dos produtos, sob responsabilidade dos proprietarios (Minas Gerais,
2013; Monteiro e Chaves, 2018). O IMA estabeleceu o periodo minimo para
maturacdo do QMA do Serro com base em pesquisa cientifica realizada por
Martins (2006). Segundo este estudo, o periodo minimo de maturacdo deveria
ser de 17 dias, porém, essa pesquisa ndao é suficiente para respaldar a
legislacdo, uma vez que, a maturacdo dos queijos utilizados na pesquisa foi
realizada em condi¢cdes controladas, dentro de laboratérios, e ndo nas
propriedades produtoras de QMA, conforme exige a legislagéo.

Em 2018, a Lei Federal 13.680, Lei do Selo Arte, permitiu a
comercializacao interestadual de produtos alimenticios produzidos de forma
artesanal, com caracteristicas e métodos tradicionais ou regionais proprios,
desde que, sejam empregadas as Boas Praticas Agropecuéarias e as Boas
Praticas de Fabricacdo. A fiscalizacdo destes produtos € de responsabilidade
dos 6rgédos de saude publica estaduais (Brasil, 2018).

Por fim, em 2019, a Lei Federal N° 13.860, especifica para os queijos
artesanais, estabeleceu que o tempo de maturacao de queijo produzido a partir
de leite cru deve ser definido com base no processo tecnoldgico de producédo de
cada variedade, de acordo com suas caracteristicas, e permitiu a

comercializacdo em todo o territorio nacional (Brasil, 2019).

5. Microbiota dos queijos artesanais

A microbiota do leite cru é rica e diversificada, possui microrganismos de
fontes que tiveram contato direto com o leite, como a teta do animal e os
equipamentos, e de fontes indiretas, como a alimentacdo e a agua utilizada na

higienizacdo (Montel et al., 2014). Entre 0S microrganismos que ocorrem
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naturalmente no leite cru, as bactérias laticas sédo as predominantes e essenciais
para a maturacéo, influenciam nas caracteristicas bioquimicas e sensoriais dos
queijos. Os principais géneros sao Streptococcus ssp., Enterococcus ssp.,
Lactobacillus ssp. e Lactococcus ssp. (Perin et al., 2019).

O leite pode conter, ainda, bactérias patogénicas, as mais frequentemente
encontradas sado Staphylococcus aureus, Escherichia coli, Listeria
monocytogenes e Salmonella spp. A presenca de Staphylococcus spp. em
queijos artesanais € bastante comum, isso se deve pela fabricacdo dos queijos
artesanais ser caracterizada pela manipulacao direta pelos produtores, o que
aumenta o risco de transferéncia de Staphylococcus spp. para 0s queijos atraves
de utensilios, superficies dos equipamentos e dos funcionarios, pois este género
€ encontrado na pele e mucosas de animais e humanos (Basanisi et al., 2016;
Johnson, 2017).

O ‘pingo’ contém diversos grupos microbianos que afetam a maturagao
do queijo, conferindo ao produto uma microbiota diversificada, representativa da
regido na qual o produto € fabricado e confere aos queijos caracteristicas
sensoriais diferenciadas (Nobrega, 2012). A microbiota do ‘pingo’, sem qualquer
tipo de contaminacéo, € composta basicamente por bactérias laticas (Chaves et
al., 2018).

6. Queijo Minas Artesanal do Serro
6.1. A regido do Serro

A regido do Serro é considerada uma das mais importantes dentre as
regides produtoras de queijo artesanal no Brasil, devido a sua historia, tradicdo
e cultura (Oliveira et al., 2019). Esté4 situada no estado de Minas Gerais, no Médio
Espinhaco e no Alto Vale do Jequitinhonha. E uma regifo extensa, com cerca de
2.258 km? e composta por 11 municipios, a saber, Serro, Rio Vermelho, Serra
Azul de Minas, Santo Anténio do Itambé, Materlandia, Paulistas, Coluna,
Sabinopolis, Alvorada de Minas, Dom Joaquim e Conceicdo do Mato Dentro
(Minas Gerais, 2011). A populacdo destes municipios varia de 3.600 a 18.000
habitantes. O Serro é uma cidade histérica, faz parte do Circuito Estrada Real e
€ caracterizada por suas ricas tradi¢cdes e valores culturais (Nunes e Melo, 2013).

A cidade do Serro esta situada a 795 m acima do nivel do mar, tem inverno seco
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e frio e 0 verdo € umido e relativamente quente. A temperatura média € de 20,5°C
e a pluviosidade média é de 1.471 mm, durante o ano (Climate-data, 2020).

A fabricacdo de queijo nesta regido € antiga, possui quase 300 anos de
histéria e é fundamentada no “saber fazer”, transmitido de geragao para geracéo
ao longo dos anos. Em 2008, o Instituto do Patriménio Histérico e Artistico
Nacional (IPHAN) reconheceu o QMA do Serro como um patriménio imaterial do
Brasil (IPHAN, 2008; Silva et al., 2011). Devido as suas caracteristicas
peculiares, em 2011, o QMA do Serro recebeu o certificado de Indicacéo
Geogréfica (IG), com o objetivo de garantir a qualidade do produto, proteger o
"saber fazer" e a tradicdo local, bem como, resguardar o consumidor de
possiveis fraudes, sendo o primeiro queijo brasileiro a receber tal distingéo (INPI,
2011; Silva et al., 2011; Monteiro, 2018). Com este reconhecimento, foi possivel
agregar valor ao produto, que rapidamente se tornou mais valorizado no
mercado, além de garantir a qualidade e a procedéncia (Emater, 2011). A cada
dia, os queijos artesanais/regionais, em especial, os que possuem IG, tém
ganhado mais valor no mercado, sendo comercializados por precos elevados em
lojas especializadas nas grandes capitais, como Belo Horizonte, S&o Paulo e Rio
de Janeiro.

Em levantamento realizado pelo IMA, 245 propriedades rurais de Minas
Gerais encontravam-se cadastradas no O6rgdo, destas, quase 50% estdo
situadas na microrregido do Serro, 0 que ressalta a importancia desta regido na
producdo de QMA (IMA, 2020). Estima-se que o0 numero de produtores de queijo
no estado seja muito superior, porém, devido a informalidade, € dificil saber o
namero exato de produtores rurais que se dedicam a esta atividade. O niumero
de propriedades cadastradas tem aumentado gradualmente nos ultimos anos,
no entanto, grande parte das propriedades ainda ndo tem condicbes de se

cadastrar, pois ndo conseguem atender as exigéncias da legislacao brasileira.

6.2. Producéo do Queijo Minas Artesanal do Serro

A fabricacdo de QMA do Serro é um processo basicamente manual,
artesanal e, por isso, sujeito a varios tipos de contaminag&o microbioldgica. Com
excecdo da ordenha mecéanica, ndo se emprega nenhum outro tipo de
mecanizacdo no processamento deste queijo, trata-se, portanto, de um

processamento de dificil padronizacao (Brant et al., 2007).
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O QMA do Serro é produzido utilizando-se leite cru recém-ordenhado e
um fermento latico natural, popularmente chamado de ‘pingo’ (Furtado, 1980). O
nome ‘pingo’ se deve ao fato de que o soro que se separa da massa enformada
escorre pela bancada, que é construida com ligeira declividade para permitir a
coleta do ‘pingo’ que goteja, ou seja, o soro pinga em um recipiente coletor. O
‘pingo’ do queijo fabricado num dia, sera utilizado no processamento do lote de
queijo do dia seguinte. Este soro-fermento possui uma elevada concentracéo de
cloreto de sédio e de bactérias laticas endogenas da regido onde o queijo €
produzido, séo responsaveis pelas caracteristicas sensoriais de sabor, aroma e
textura tipicas do produto, o chamado terroir (Furtado, 1980; Chaves et al.,
2018).

O processo de fabricacdo do queijo do Serro dura, em média, trés dias.
No primeiro dia, ocorre a coagulacao do leite recém ordenhado com adi¢cédo do
coalho comercial e do ‘pingo’. Apds a coagulacéo, sao realizados o corte, a
enformagem e a prensagem da massa, estas etapas sSao manuais.
Subsequentemente, os queijos recebem a salga superficial a seco, o0 sal grosso
é distribuido na superficie dos queijos, que permanecem nas formas, sobre as
bancadas para drenagem do soro por dois ou trés dias. No segundo dia, o queijo
ainda enformado é virado, recebe mais uma salga e é transferido para outra
bancada. Séo realizadas algumas viragens dos queijos ainda na forma e, a partir
do segundo dia, inicia-se a coleta do ‘pingo’. No terceiro dia, o queijo €
desenformado, a superficie é ralada e lavada para remocéo das imperfeicdes e
uniformizacéo da casca. Em seguida, o queijo é encaminhado para o "quarto dos
queijos" onde ocorerrd a maturacdo, em prateleiras de madeira, em condicdoes
ambientais ndo controladas de temperatura e umidade relativa (Furtado, 1980;
Chaves et al., 2018).

O local de producdo do QMA é denominado de “casa do queijo’,
normalmente, € uma construcdo de alvenaria, fechada, com portas e janelas
teladas, situada proximo ao local de ordenha das vacas. Apés a ordenha, o leite
€ transferido para o processamento por meio de tubulacdo, € filtrado e entra
diretamente no tanque ainda quente, devendo ser processado em até duas horas
(Brant et al., 2007). Alguns requisitos sao importantes para a fabricagcdo de

queijos artesanais de alta qualidade como o processamento rapido, a utilizacéo
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de leite de qualidade e bactérias laticas, a aplicagdo de técnicas apropriadas, as
condi¢cBes de maturacédo e o conhecimento do queijeiro (Murphy et al., 2016).

O QMA do Serro, normalmente, possui a casca esbranquicada, tendendo
a se transformar em uma crosta fina e amarelada apds alguns dias de
maturagcdo. Internamente, a massa € branca, consistente e ligeiramente
quebradica, pode apresentar aberturas mecanicas pequenas, devido a
enformagem e prensagem manuais e, ndo raramente, também possuem
pequenas olhaduras provenientes da microbiota endbégena, composta por
bactérias propidnicas, naturalmente presentes no leite cru da regido. O sabor do
QMA do Serro € tipico, salgado e mais acido, quando comparado, ao queijo
Minas industrial (Monteiro e Chaves, 2018). Possui teor de umidade entre 48 e
54%, teor de gordura no extrato seco de, no minimo, 50%, tem formato cilindrico
com diametro variando de 13 a 15 cm, altura de 4 a 6 cm e massa de 0,4 a 1 kg
(Emater, 2011).

Em geral, as propriedades produtoras de queijo do Serro sdo pequenas,
possuem poucos recursos, sendo a produgcédo dos queijos, uma atividade de
subsiténcia sem incentivos finaceiros, assim, dificimente os produtores
conseguem atender a exigéncia legal de maturar o queijo por, pelo menos, 17
dias em temperatura ambiente (IMA, 2013). Os QMA’s sao, majoritariamente,
consumidos frescos, porém, alguns produtores tém optado pela maturacdo em
razao da seguranca e ao desenvolvimento de sabor diferenciado, o que permite
agregar valor aos queijos e favorecer a comercializacdo (Martins, 2015). Para
possibilitar a maturacdo, a Cooperativa dos Produtores Rurais do Serro
(COOPERSERRO) instalou uma camara de maturacao para queijos artesanais,
com controle de temperatura e umidade (Vale et al., 2018).

Apos 3 dias de dessoramento na propriedade rural, muitos produtores
transportam 0s queijos para a cooperativa, onde, passam por um simples
controle de qualidade, sdo lavados, secos por 24 horas, em camaras frias,
embalados a vacuo e armazenados em camara fria a 7 °C, por 5 dias, para,
entdo, serem enviados para expedicao (Figueiredo et al., 2015). Andretta et al.
(2019) analisaram a seguranga microbioldgica de QMA do Serro de diferentes
produtores, obtidos no centro de distribuicdo da Associagdo dos Produtores, e
mantidos sob refrigeracdo, os resultados encontrados foram negativos para

Listeria monocytogenes, Salmonella spp., Mycobacterium tuberculosis e Brucella
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abortus, porém, as amostras apresentaram elevadas contagens de Estafilococos
coagulase positiva, o que pode ser um problema devido a formacao toxinas.

Os QMA’s podem representar um potencial risco a saude publica, pois
sdo processados a partir de leite cru, sendo assim, podem vincular doencas
transmitidas por microrganismos patogénicos presentes no leite oriundos da
mastite e de outras doencas, como brucelose e tuberculose. A prevaléncia de
Brucella spp., na regiao do Serro, foi detectada em 30,9% das amostras de QMA
avaliadas, taxa considerada alta, representando um risco potencial a saude
publica (Duch, 2015). O leite também pode ser contaminado quando é obtido
sem os devidos cuidados higiénico-sanitarios durante a ordenha, ou ainda, nas
diferentes etapas de pré-processamento e processamento (Chaves, 2011).

Outra caracteristica do leite cru € que a sua composi¢cdo pode sofrer
alteracdo de acordo com a época do ano afetando, consequentemente, a
qualidade dos queijos. Segundo Yasmin et al. (2012), a sazonalidade interfere
na composicao quimica e na microbiota do leite cru e, consequentemente, nas
caracteristicas dos queijos, podendo promover variacbes nas caracteristicas
sensoriais e nutritivas, impactando na aceitagcdo e na credibilidade da cadeia
produtiva, que deve construir e preservar um padrao de qualidade constante. Em
estudo realizado por Figueireido et al. (2015), foi verificada variacdo nas
caracteristicas do leite cru e do QMA do Serro produzidos em diferentes meses
ao longo do ano. No leite cru, houve maior variagao na acidez e no teor de lactose
e nas contagens de coliformes termotolerantes e de bactérias laticas. Nos
gueijos, ocorreu variacdo no pH, acidez, gordura corrigida para massa seca,
massa seca, firmeza, adesividade, atividade de agua, contagens de coliformes
termotolerantes e de Staphylococcus spp. Importante destacar, deste estudo,
gue as maiores contagens de coliformes termotolerantes e de Staphylococcus
Spp. ocorreram no verao, que sao 0os meses de maior indice pluviométrico e

temperatura mais alta (Figueiredo et al., 2015).

6.3. Qualidade de QMA do Serro

Ao longos dos ultimos anos, muitos estudos foram realizados com o0 QMA
do Serro, alguns deles indicaram a existéncia de problemas em relacdo a
seguranca microbiolégica destes queijos. Dentre as pesquisas realizadas, a de

Brant et al. (2007), observou que o QMA do Serro pode representar um risco
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guando apresentar contagens de Estafilococcus coagulase positiva acima de 10°
UFC/g possibilitando a producéo das enterotoxinas. Pinto (2004) observou uma
contagem de Staphylococcus spp. acima de 108 UFC/g, porém, néo foi detectada
presenca de enterotoxinas. Elevadas contagens iniciais de coliformes e de S.
aureus, em queijos, indicam a falta de higiene no processamento. Pinto et al.
(2009) inocularam Listeria innocua no queijo para avaliar a eficiéncia do ‘pingo’,
gue nao foi capaz de reduzir a contagem desta bactéria, mesmo apos 60 dias de
maturacao.

Cardoso et al. (2013) avaliaram a influéncia do tempo de maturacdo na
seguranca do queijo do Serro, observaram que inicialmente o produto
apresentou elevada contaminacéo de coliformes (104 NMP/g), que foi reduzida
apos 30 dias de maturacdo. A contagem de Estafilococos coagulase positiva
também reduziu com o tempo de maturagdo, porém, em 1% das amostras foi
detectada a presenca da enterotoxina B e em 4%, da enterotoxina C. Pinto et al.
(2011) estudaram o efeito de diferentes concentracdes de nisina sobre S. aureus
em QMA do Serro, durante 60 dias de maturacdo, observaram que a nisina
reduziu a contagem de S. aureus a partir do 7° dia de maturacao.

Algumas pesquisas tém comparado a maturacdo do QMA do Serro em
diferentes condicdes, temperatura ambiente e sob refrigeracdo. Martins (2006)
observou que, quando os QMA foram maturados em temperatura ambiente os
quejos atingiram o padrdo para ser considerado seguro, apés 17 dias de
maturacdo, tanto na época da seca, quanto na época das chuvas. Porém,
guando os queijos foram maturados sob refrigeracao foi necessario 33 dias, na
época da seca, e 63 dias, na de chuvas, para atingir o padrdo recomendado pela
legislacdo vigente. Santos (2010) avaliou a qualidade microbiolégica do QMA do
Serro durante os 63 dias de maturacdo, em temperatura ambiente e sob
refrigeracao (8 °C), verificou que ndo houve efeito significativo das condi¢des de
maturacdo nos parametros microbiolégicos do queijo. E, além disso, ndo foram
encontradas Listeria monocytogenes e Salmonella spp. em nenhuma das
amostras. Martins et al. (2015) avaliando o efeito da maturacdo em temperatura
ambiente sobre os parametros microbiolégicos do queijo, constataram redugéo
na contagem de contaminantes, em 17 dias, o queijo atingiu os padrdes

microbioldgicos exigidos pela legislacao vigente.
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Muitos estudos tém sido realizados para avaliar caracteristicas de
qualidade do QMA do Serro, Figueiredo (2018) e Peres (2019) avaliaram queijos
gue foram maturados nas condi¢cdes ambientais da propriedade de origem, no
inverno e no verao, respectivamente, por diferentes tempos: 3, 8, 17, 38 e 60
dias. Figueiredo (2018) ndo observou variagéo significativa, em funcao do tempo
de maturacéo, para pH, acidez, residuo mineral fixo, profundidade de maturacéo
e gordura corrigida para a massa seca. Neste estudo, os queijos com 3, 17 e 38
dias apresentaram contagens para coliformes a 35 °C e 45 °C acima do permitido
pela legislacéo vigente, as contagens de Staphylococcus atingiram os limites a
partir do 8° dia de maturacao. Peres (2019) ndo observou variacao significativa
ao longo do tempo de maturacdo para residuo mineral fixo, profundidade de
maturacdo, gordura e gordura no extrato seco dos queijos e verificou efeito
significativo no pH, acidez, umidade, atividade de agua e proteina. Observou-se
gue todos os produtores apresentaram contagens de coliformes a 35 °C e 45 °C
acima do permitido pela legislacdo vigente e as contagens de aerdbios mesofilos

diminuiram ao longo do tempo de maturacao.

6.4. Inovacdes na producdo de Queijo Minas Artesanal do Serro

Para obter queijos diferenciados, alguns produtores tem inovado e optado
por ndo realizar a lavagem da casca, promovendo assim, o desenvolvimento de
fungos na superficie do queijo, tornando-a com a aparéncia rugosa. Carneiro et
al. (2020) concluiram que a auséncia da lavagem da casca do QMA do Serro
influencia a hidrélise das proteinas, pois 0os metabdlitos dos fungos podem
penetrar no interior dos queijos e influenciar na protedlise.

A diversidade da micobiota responsavel pelo terroir do QMA do Serro
durante a maturacéo foi estudada por Aragdo (2018), foram identificados que os
fungos filamentosos predominantes sao dos géneros Paecilomyces, Aspergillus,
Fusarium, Geotrichum, Microascus, Acremonium e espécies do complexo
Cladosporium cladosporioides. Quanto as leveduras, 0os géneros prevalentes
foram Candida, Kodamaea, Torulaspora, Trichosporon e Kluyveromyces. Neste
mesmo estudo, verificou-se que a micobiota de fungos e leveduras foi
influenciada pela estacdo do ano, os queijos do verdo apresentaram maior

diversidade de fungos filamentosos tipicos do solo.
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A identificacdo dos fungos e leveduras de QMA do Serro foi realizada por
Souza (2019), foram encontradas leveduras que interferem de forma positiva nas
caracteristicas sensoriais do queijo, tais como, Candida zeylanoides,
Debaryomyces hansenii, Kluyveromyces lactis e Yarrowia lipolytica. Entre fungos
filamentos foram encontrados o0s géneros Penicillium, Aspergillus,
Scopulariopsis,  Geotrichum, Alternaria e Complexo Cladosporium
cladosporioides. No ambiente de maturacdo, encontrou-se a levedura
Trichosporon japonicum e fungos filamentosos dos géneros Penicillium,
Chaetomium, Aspergillus, Scopulariopsis, Fusarium e Complexo Cladosporium
cladosporioides.

Vale ressaltar que o tipico QMA do Serro tem a casca lavada a cada 2 ou
3 dias, durante a maturacdo, ndo permitindo o crescimento de microrganismos
na sua superficie. Leveduras, bolores e bactérias aerGbicas como
Corynebacteriaceae e Micrococcaceae podem se desenvolver na superficie do
gueijo devido a maior disponibilidade de oxigénio (Montel et al., 2014).

Em estudo realizado por Carvalho et al. (2020), foi identificada a presenca
de &caros da espécie Tyrophagus putrescentiae na casca de QMA do Serro. Os
acaros presentes no ambiente onde ocorre a maturacdo podem colonizar o
queijo. A presenca de acaros na casca de queijos na maturacdo € uma pratica
permitida e centenaria em alguns paises europeus. Esses queijos tém
carateristica bem aceitos pelos consumidores brasileiros, uma vez que, essa
inovacdo gera novos sabores, além de agregar valor aos queijos artesanais
(Carvalho et al., 2018a, 2018b).

Outra alteracdo que tem ocorrido na producdo de QMA do Serro é a
modificacdo do fermento. Alguns produtores estdo fazendo a substituicdo do
‘pingo’ pela ‘rala’, como um indculo alternativo. Antes do inicio da etapa de
maturacdo dos queijos, ocorre a ‘rala’, nesta etapa, a superficie do queijo é
ralada com auxilio de um ralador ou de uma pedra, para uniformiza¢éo da casca,
o material resultante é conhecido como ‘rala’. A utilizagao da ‘rala’ como inéculo
foi uma alternativa para reduzir a contaminagdo microbiolégica (Vale et al.,
2018). Porém, em estudo realizado por Andretta et al. (2019), ndo foi encontrada
diferenca significativa na contagem microbiolégica de queijos produzidos com
‘rala’ ou ‘pingo’. Brumano (2015) também avaliou a influéncia da ‘rala’ e do

‘pingo’, no QMA do Serro maturado por 60 dias e verificou que a utilizagao da
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‘rala’ comprometeu a qualidade microbiolégica. O queijo com ‘pingo’ precisou de
17 dias para atingir o padrdo microbiolégico exigido pela legislacdo, enquanto
que o queijo com ‘rala’ necessitou de 27 dias. Também foram observadas

diferengas nas caracteristicas fisico-quimicas.

Concluséo

A partir dos dados apresentados nesta revisao, é possivel observar que o
QMA do Serro € um produto de relevante importancia, ndo sé para o estado de
Minas Gerais, como também para o Brasil. Porém, ainda existem muitas lacunas
que precisam ser preenchidas a respeito das caracteristicas deste queijo. A
maioria dos estudos realizados com este queijo avaliou as caracteristicas
microbiolégicas, portanto, se fazem necessarios estudos que envolvam as
reacdes bioquimicas, como a protedlise, que ocorrem durante a maturacao.
Destaca-se, ainda, a auséncia de estudos sobre as caracteristicas sensoriais do
QMA do Serro.

Os dados apresentados, nesta revisdo, demonstram que diversos fatores
influenciam as caracteristicas sensoriais, fisico-quimicas, bioguimicas e
microbiolégicas do QMA do Serro. Estudos sobre as transformacdes que

ocorrem durante a maturacdo deste queijo sdo importantes e necessarios.
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Abstract

The objective of this paper was to optimize an electrophoretic methodology
(Tricine-SDS-PAGE) to monitor the degree of caseins hydrolysis during the
maturation time of artisanal cheese. A cheaper and easier method was obtained
using small samples and micro-quantities of reagents. Simultaneous detection of
proteins and peptides (100 kDa to 1 kDa) in the same gel was another advantage
of the method. Initially, protein extraction was performed with 2 mg of lyophilized
cheese dissolved in 1.0 mL of sample electrophoretic buffer for 1 h under stirring.
After that, the Eppendorf tubes of the samples were kept at -4 °C

for 4 h with additional centrifugation at 5,433 xg for 2 min. This defatting process
using centrifugation/refrigeration promoted a good separation of proteins and
peptides from the fat layer. After this step, 30 uL of the supernatant of the protein
extracts was applied to the electrophoresis gel. The results revealed a clear
image of protein and peptides in the polyacrylamide gels and allowed an excellent
response of the distribution of casein bands (a,  and k) and the exposure peptide
in cheese. The utilization of artisanal cheese as a pilot study of molecular protein
analysis could be helpful for further correlation of the fingerprint of protein-peptide
profile with taste quality

Key words: Artisanal cheese, electrophoresis, maturation time, proteolysis.
1. Introduction

The stage of cheese maturation involves many physical, chemical and

biochemical reactions. The time can vary from a few days to more than two years
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depending on the type of cheese. Proteolysis is the most complex and important
primary event that occurs during cheese ripening and it plays a vital role in the
development of texture and flavor. Hydrolysis of caseins leads to the formation of
large and intermediate-sized peptides, which are degraded into smaller peptides
by enzymes produced by starter culture and non-starter bacteria or fungi [1]. This
will result in peptides of differentiated molecular mass as already described by
studying artisanal cheeses using proteomic analysis [2]. It is important to
emphasize that others authors [2] used a very expensive proteomic and
peptidomic methodology of analysis as well as the laborious procedure of protein
extraction. Many studies show the application of capillary electrophoresis, liquid
chromatography coupled with Tandem mass-spectrometry (MS/MS), and ultra-
performance liquid chromatography to study proteolysis in cheese [3]. It is very
important to say that electrophoresis in gel of polyacrylamide is a simple
technique that can be also used to study proteolysis of cheese. Three kinds of
electrophoresis could be applied for this study, SDS-PAGE [4], Native PAGE [5]
and Tricine-SDS-PAGE [6]. However, using only the procedure with Tricine-SDS-
PAGE [6], it was possible to identify peptides with molecular weight up to 1 kDa.
The objective of this work was to show the application of Tricine-SDS-PAGE
electrophoresis technigue with the modification of procedure method of sample
preparation, which uses micro-quantities of samples and buffer. The simplicity of
the defat step and protein extraction is also a new strategy.

2. Materials and Methods

The cheese samples were purchased from three different producers of the state
of Minas Gerais in Brazil. Electrophoresis Tricine-SDS-PAGE [5] was utilized for
identification of protein-peptide profiles of cheese maturated during two different
times (17 d and 60 d). After freeze-drying, 2 mg of crushed cheeses was
solubilized during 1 h under agitation with electrophoretic buffer pH 6.8 with 4%
SDS, 12% glycerol, 2% mercaptoetanol and 0.01% Coomassie blue G250, using
Eppendorf tube. Two different extracts of protein and peptide extracts were
obtained: with and without fat. The one with fat was applied directly in the
electrophoresis. In order to obtain the protein-peptide extract without fat, the
fatted extracted was kept under -18 °C during 4 h and further centrifuged 5,433%g
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during 1 min. The purified protein-peptide extract has been removed from the

upper layer of fat with a micropipette.

3. Results and Discussion

All samples with fat, obtained from three different cheese producers at two
different times of maturation (17 d and 60 d), showed a gel with a spread staining
(Fig. 1). This could be explained by the high amount of fat present in these cheese
protein extracts. As a solution to solve this problem, additional steps in the
methodology were included. Initially, the same procedure of obtaining the protein
extract was utilized as following, 2 mg of crushed and freeze-dried cheese was
solubilized in electrophoretic buffer and submitted to vigorous agitation during
1 h at room temperature. The introduction of two steps in this procedure gave as
a result a polyacrylamide gel showing a completely clear image, first by
submitting them to 1 h incubation at -4 °C, in the same Eppendorf tubes of 2.0
mL and with further centrifugation at 5,433 xg, during 1 min. The clear protein
extract separated from small fat plates can be seen in the Eppendorf tubes for all
cheeses of the three producers (Fig. 2). Recently, molecular studies involving
cheese analysis have shown the use of laborious steps for sample purification as
described for the analysis of a peptide (3.5 kDa) by LC-MS/MS [7], while other
works show the formation of peptides arising from cheese ripening by
electrophoresis Urea-PAGE [8] or SDS-PAGE [9]. The association of Tricine-
SDS-PAGE and the samples without fat shows the quality of this result and that
the method has been optimized. The deffated extracts were applied in
polyacrylamide gel electrophoresis Tricine-SDS-PAGE (concentrations of
acrylamide of 16.5%, 10% and 4% were used, respectively, in the separating gel,
spacing gel and application gel) and a gel with a clear aspect was obtained (Fig.
3). The results related to the cheese ripening process show different protein and
peptide profiles among the three producers, probably due to the specific ripening
conditions of each one. Genomic analysis, nuclear magnetic resonance (NMR)
and immunochemical analysis are currently being used for proteolysis studies in
cheese. These results refer to the genomic analysis, monitoring of transcriptional
mechanism activity of genes [10], proton transverse of water/oil relaxation [11,
12] and immunochemical quantification of milk proteins [9], respectively. The

disadvantage of the above-mentioned methods is related to the need for a large
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financial investment in equipment acquisition [7, 10-12] when compared to the
Tricine-SDS-PAGE electrophoresis method. Another scientific group working
with soybean proteins has also used Tricine-SDS-PAGE method, however a
complicate and long time for pure extracted was utilized [13]. Moreover, the
electrophoretic analysis utilized in this paper has three advantages: (a) detection
of protein breakdown and peptide formation in the same gel; (b) simple and
alternative method of defatting; (c) micro-quantities utilization of reagent and
sample. The excellent result obtained can be observed in Fig. 3. A total integrity
of the three caseins (a, B and k) and no appearance of peptides were observed
in the peptide/protein extracts. The lack of casein hydrolysis can be observed by
the high staining in the two different days of maturation (17 d and 30 d) of the
cheese obtained from producer 2 (Fig. 3). In the cheese produced by producers
1 and 3 it was observed a reduction of staining of casein only after 60 d of
maturation for producer 1 and for 17 d and 60 d for producer 3 (Fig. 3).
Concerning peptide production, cheese of producer 1 has shown 11 kDa
peptide (17 d) and 9 kDa peptide (60 d), in Fig. 3. The fingerprint variations among
the producers show the need for standardization of the maturation process.
Concerning the field of cheese production, it can be suggested that gel
electrophoresis can serve as a database of images that together with process
data will guarantee the quality of the cheeses. Regarding the methodological
aspects, the utilization of micro-quantities of reagents and the simple procedure
for fat removal are advantages concerning economic aspects and environmental
preservation. Finally, this pilot study with artisanal cheese shows that utilization
of this method could be applied in the future to characterize the quality of all sorts
of cheeses. The most important advantage of this work is the simplicity of the
method of sample preparation together with the utilization of micro-quantities
amounts of samples and reagents, when compared with other methodologies,

chromatographic, electrophoretic, genomic and immunochemical [7-10].
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Fig. 1 Tricine-SDS-PAGE electrophoretic profiles of fatted protein-peptide extracts
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Fig. 2 Eppendorf tubes with the separation of fat layer from the protein-peptide extract of
cheese from three different producers.
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Fig. 3 Tricine-SDS-PAGE electrophoretic profiles of defatted protein-peptide extracts
obtained from artisanal cheeses of three different producers (1, 2 and 3).

4. Conclusions
This paper shows a contribution in the adjustment of a methodology of low

cost for simultaneous analysis of protein and peptides using electrophoretic
Tricine-SDS-PAGE as analytical tool. This contribution is related to low quantities
of reagents and samples utilized for protein and peptide extraction and by the fast
and simple procedure of defatting. This methodology may be useful for
standardization and guarantee the quality of the cheese either by visualization of

the diminishing of caseins content or by the appearance of new peptide, as a

consequence of hydrolysis.
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Abstract

The Artisan Minas Cheese (AMC) is the oldest and most traditional Brazilian
cheese, it is produced in several regions of the state of Minas Gerais, such as
the Serro region. The most striking features of the AMC-Serro are the use of raw
milk and natural bacteria from the whey, popularly known as pingo, as well as the
use of the rind washing process. The aim of the present study was to evaluate
the proteolysis of the AMC-Serro from three different producers, during 60 days
of maturation, and to relate the proteolysis to the producing farms, the production
season and the rind washing during ripening. For this purpose, TRICINE-SDS-
PAGE, proteolysis extension and depth indices, moisture, and texture (firmness)
were evaluated. It was concluded that the temperature and moisture of the
cheeses, which was determined by the location of the ripening room, the
production season and the rind washing, were the most important factors. The
degree of proteolysis also had an impact on the water loss during ripening, with
effect on cheese safety. The results obtained in this study may be used to better
understand the transformations during ripening of AMC-Serro and help the small

traditional farmers to improve their product’s quality and stability.

Key words: electrophoresis, proteolysis extension index, proteolysis depth index,

firmness; moisture.
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INTRODUCTION

Artisanal cheeses show unique characteristics, which vary according to the
region and the milk microbiota where they are produced and contribute to their
inherent social and cultural value (Santilli, 2015). The Artisan Minas Cheese
(AMC) is the oldest and most traditional Brazilian cheese and is produced in
several regions of the state of Minas Gerais. Among them is the Serro region,
that encompasses a large area (2,258km?) including small villages with 3,600
inhabitants and larger towns with up to 18,000 residents. The cheesemaking
culture in the Serro region is traditional for Brazilian standards, with almost 300
years of history, and the know-how for the local artisanal cheese production has
been passed down from generation to generation over the years (Monteiro,
2018).

The most important features of the AMC-Serro are the use of raw milk and of
natural starter cultures of the whey from the previous cheese production,
popularly known as pingo — which loosely translates as “drop” (Perin et al., 2017).
The pingo contains a high concentration of sodium chloride and many
endogenous lactic acid bacteria, responsible for the typical sensory
characteristics of the cheese of each producer (Bachmann et al., 2011). Other
peculiarities are the short maturation period of at least 17 days and the use of the
rind washing process, which consists of rinsing the surface of the cheeses with
water and that occurs every two or three days, depending on the environmental
conditions of temperature and humidity of the maturation room (Chaves et al.,
2018). However, some producers are innovating and eliminating the washing
step, which allows fungi to grow on the rind. The AMC-Serro is recognized by the
Institute of National Historical and Artistic Heritage (IPHAN - “Instituto do
Patriménio Histérico e Artistico Nacional”) as an intangible heritage in Brazil, and
was the first Brazilian cheese to receive the Geographical Indication from the
National Institute of Intellectual Property (INPI - “Instituto Nacional de
Propriedade Intelectual”) in 2011 (IPHAN, 2008; Monteiro, 2018), nevertheless,
there are only a few studies published concerning its production and quality to
date.

Over the course of ripening, cheeses loose water and undergo a series of
changes that result in sensory, chemical and biochemical modifications,
transforming the final product (McSweeney, 2004; Salum et al., 2018). The
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intensity of proteolysis is highly variable and depends, among other factors, on
the enzymes in the rennet, the composition of the endogenous milk microbiota
and the added microorganisms, the endogenous proteases in the raw milk and
on those produced by the different microorganisms present (Cavalcante et al.,
2007; Fox et al., 2015). To monitor the cheese ripening process, it is useful to
chemically determine the extension and depth of proteolysis, that help to quantify
and characterize the contribution of the many agents acting on the cheese
proteolysis during ripening (McSweeney, 2004). Although the study of proteolysis
is of great importance to understand the cheese maturation process, little
information is available on the proteolysis of the AMC in general and of the AMC-
Serro in particular (Costa Junior et al., 2009; Pinto et al., 2011; Silva et al., 2011
and Sobral et al., 2015). Due to the absence of data on proteolysis of Brazilian
artisanal cheeses, the present study aimed to evaluate the proteolysis of the
AMC-Serro during 60 days of ripening, and to relate these data to the producing
farms, the season of production and the application of the rind washing process

during ripening.

MATERIALS AND METHODS

Sampling

For this study, samples of cheese were collected from three different
farms/producers (P1, P2 and P3). In each producing farm, ripening occurred in a
ripening room with a particular micro-climate (temperature and relative humidity)
determined by its location. The ripening room in P1 was in an area with little
exposure to direct sun, with an average temperature of 18,2 °C and 68% relative
humidity in winter, and 21 °C and 78% in summer. The ripening room in P2 was
in the shade, under the canopy of a tree, with an average temperature of 17 °C
and 72% relative humidity in winter, 20 °C and 81% in summer. And in P3 ripening
room was exposed, with direct incidence of the afternoon sun with an average
temperature of 18.5 °C and relative humidity of 67% in winter and 22.5 °C and
78% in summer. The temperature and relative humidity data were recorded using
a thermo-hygrometer (Instrutherm Mod. HT-70, Sdo Paulo, BR according to the
manufacturer's instructions). The measuring instrument was placed on a shelf of

cheese, in the maturation room at a height of 1.8 m). The maturation rooms, with
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an area of approximately 20 m?, were made of brick, lined with ceramic and
contained wooden shelves on which the cheeses were ripening.

All cheeses were produced with raw milk, following the traditional processing
techniques of the Serro region: the pingo (the salted whey collected on the
second day after coagulation) was used as inoculum, and industrial rennet (Ha-
La®, Chr. Hansen, microbial chymosin, Aspergillus niger var. awamori) was
added to the milk. P1 and P2 did not apply the periodic rind washing process on
the surface of the cheeses but cheeses from P3 were rinsed every two or three
days along the ripening period.

The cheeses were matured in the original farms and had approximately 1 kg, the
samples were collected after 3, 17 and 60 days of ripening (3D, 17D and 60D).
The AMC-Serro samples were collected in two seasons, during the winter of 2017
and during the summer of 2018. All the results showed in this study represent the
mean of three batches of cheese processing in each farm.

The samples were frozen at -18 °C to interrupt the ripening process and
transported to the Embrapa Food Agroindustry facility, in Rio de Janeiro, where
the samples were prepared and analyzed.

Preparation of extracts
The cheese samples were ground in a domestic food-processor (Mixer Philips
Walita Viva Collection, Barueri, BR) for two minutes and then frozen and freeze-
dried for 24 h (LioTop, model L101, S&do Carlos, BR). The extracts preparation
and the TRICINE-SDS-PAGE procedure followed the methodology described by
Carneiro et al. (2019).

TRICINE-SDS-PAGE

The analyses of caseins and possible products generated by proteolysis during
ripening were performed in a modified TRICINE-SDS-PAGE system using the gel
preparation technique according to Schagger and Jagow (1987). The gel run was
performed on a Biorad® brand Powerpack Basic (Hercules, USA) equipment.
Three different acrylamide gels were used at the following concentrations: 16.5%
for the separation gel; 10% for spacing gel and 4% for sample application gel.
Thirty microliters of the previously degreased samples were applied, the run was
started under 15 V for 15 h and continued for 6 h in an 85 mA current.
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A Bio-Rad® peptide standard containing the following proteins was used: 26,625
kDa triose phosphate isomerase; myoglobin, 16,950 kDa; a-lactalbumin, 14,437
kDa; aprotinin, 6,512 kDa; B-oxidized insulin, 3,496 kDa and bacitracin, 1,423
kDa.

After the end of the run, the gel was placed in a fixative solution with 50%
methanol and 10% acetic acid under stirring for one hour. Subsequently, the gel
was washed in distilled water and immersed in a dye solution containing 0.025%
Coomassie G250 blue in 10% acetic acid for 2 h. For bleaching the gel, a 10%
acetic acid bleach solution was used, the gel was immersed under stirring for 2 h
and the solution was changed every 30 min. At the end of this step, the gel was
washed in distilled water and then scanned (Image Scanner Ill model GE

Scanner®) for image record.

Proteolysis extension and depth indices

To assess the extent of proteolysis, the total nitrogen (TN), the water soluble
nitrogen at pH 4.6 (WSN), the non-protein nitrogen (NPN), and soluble nitrogen
in 12% (v/v) trichloracetic acid (TCASN) were determined by the Kjeldahl method
(according to the IDF methodology, 1993). The total protein (TP) content was
determined indirectly by multiplying the percentage of TN by the factor of 6.38,
indicated for protein derived from milk (IDF, 1993). The ripening extension index
(Equation 1) and the ripening depth index (Equation 2) were determined

according to Pereira et al., 2008 and Pereira et al., 2010).

(WSN at pH 4.6 x 100) "

Ripening extension index (%) = N

where WSN means water soluble nitrogen and TN means total nitrogen.

Ripening depth index (%) = w 2]

where TCASN means trichloroacetic acid-soluble nitrogen and TN means total

nitrogen.
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Moisture and firmness

Moisture was determined in triplicate following the method recommended by
AOAC International 930.15 (2010).

The firmness of the cheese samples was determined using cylindrical samples
with 20 mm diameter and 20 mm height, taken from the central region of each
sampled cheese. The measurements were performed using a texturometer
(TA.XT2 Plus® Stable Micro Systems Texturometer Stable Micro Systems®,
Haslemere, UK) equipped with a wire probe. The results were obtained and
analyzed using Exponent Lite version 5.1® software (Stable Micro Systems). The
equipment was calibrated with a standard weight of 5 kg. In the pre-test, the
device's descent and the shear rate were 200 mm/min and in the test and in the
posttest the speed was 2 mm/s and the samples penetration distance was 15 mm
(Marinho et al., 2015). Analyzes were performed in triplicate.

Statistical analysis
The statistical analysis of the data was performed using the GraphPad Prism (5.0)
software (GraphPad Software® Inc. San Diego, CA, USA) applying 2-way ANOVA

with the Bonferroni posttest and p < 0.05 was considered significant.

RESULTS

TRICINE-SDS-PAGE

The SDS-PAGE results obtained presented well-defined and clear casein bands,
with different hydrolysis levels throughout the ripening period, evidencing the
influence of several factors. The removal of fat from the extract provided
adequate runs, resulting in gels without spots, with well-marked bands, allowing
their identification. Figure 1 shows the electrophoresis gel of the cheese samples
after 3, 17 and 60 days of ripening, in winter and summer, for P1, P2 and P3.
Figures 1A and 1B show the results for samples obtained from P1. Well-marked
bands were observed at the beginning of the ripening, showing the preservation
of the casein fractions (a and B). From the 17" day of ripening, there was a
decrease in the intensity of these bands and the appearance of more pronounced
bands of lower molecular weight, evidencing the occurrence of proteolysis. After

60 days of ripening, the bands of smaller molecular weight became even more
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intense. Comparing both gels (A and B) in Figure 1, the samples showed similar
behavior during the winter and the summer.

In Figures 1C and 1D the gel images show the samples obtained from P2. The
presence of well-marked bands of the different casein fractions can be observed.
No noteworthy change was observed until the 17" day of ripening, indicating that
truly little proteolysis occurred during both seasons summer and winter. After 60
days, the intact casein bands presented lower intensity and there was the
appearance of lower molecular weight bands, showing the occurrence of
proteolysis, which was much more intense in summer (1D) than in winter (1C).
This may be observed by the high decrease of intensity of the caseins bands and
by the higher number and intensity of lower weight bands after 60 days, in Figure
1D (summer) but not in Figure 1C (winter). It is noteworthy that a very efficient
hydrolysis could lead to the formation of peptides with molecular weight below
the detection limit of the method used, which was of one kDa.

In Figures 1E and 1F are the gels from P3 and no visible proteolysis during the
maturation time may be observed, especially in the winter (1E). The ripening
during winter (Figure 1E) showed almost no casein hydrolysis, as the proteolytic
profile of the samples remained remarkably similar during the 60 days studied.
Only in summer, there was some proteolysis, the bands of the casein fractions
became less intense and bands of smaller molecular weight appeared. These
samples behaved very differently from those obtained from P1 and P2.
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Figure 1. Electrophoresis gels: (A) P1 Winter 2017; (B) P1 Summer 2018; (C)
P2 Winter 2017; (D) P2 Summer 2018; (E) P3 Winter 2017; (F) P3 Summer
2018. Hollow arrows indicate where proteolysis occurred, and full arrows

indicate where proteolysis did not occur. For original non-adjusted gels see

Supplementary Figures 1 - 4.
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Proteolysis and ripening extension and depth indices

The results obtained for the ripening extension and depth indices of proteolysis
were presented in Figure 2A and 2B, respectively. Producer and season seemed
to be the most important variables for both indices, whereas time seems to show
influence only regarding the season. The cheese samples from P1 and P3
showed similar behavior: no significant alteration in the ripening indices during
the winter and significant increase in both, extension and depth indices, during
the summer. The samples from P2 behaved differently, with a slight but significant
increase in ripening extension index during the winter, but no other significant
alterations. The highest values of ripening extension and depth indices were
found for the samples from P1, after 60 days of ripening, in summer. Regardless
of the initial behavior, in the summer, the samples from P2 and P3 did not show
significant difference at the end of the maturation time. On the other hand, in
winter, the cheeses from P1 and P2 showed similar results after 60 days, that
were significantly different from the lower values achieved by the cheeses from
P3.
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Figure 2. Ripening Extension (A) and Depth (B) indices (%) during winter (W)
and summer (S). Different uppercase letters indicate a significant difference
between the different producers (P1, P2, P3) at the same time of analysis.
Different lower-case letters indicate significant difference over time and seasons
for the same producer.

Moisture and firmness

The data for moisture content and instrumental firmness were shown in Figures
3A and 3B, respectively. All samples showed a significant moisture decrease over
time, except for the cheeses from P3, that showed no significant reduction in
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moisture content throughout the ripening period, during the summer. The
cheeses from P3 showed the highest moisture loss, after 60 days, in winter (there
was a 50% reduction) and the lowest in the summer (34%), whereas cheeses
from P1 and P2, both in winter and summer, presented the same decrease in
moisture content of around 40%. The moisture content of the samples from all
the producers were significantly higher in winter than in summer, and there was
no difference between the moisture of the different producers in the latter season,

while samples from P3 showed the lowest moisture content during winter.
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Figure 3. Moisture (A) and instrumental firmness (B) during Winter (W) and
Summer (S). Different uppercase letters indicate a significant difference
between the different producers (P1, P2, P3) at the same time of analysis.
Different lower-case letters indicate significant difference over time and seasons
for the same producer.

The firmness observed for the samples from P1 and P3 increased significantly
during ripening, in both seasons, but the samples from P2 showed no significant
difference in firmness during maturation, regardless of the season. The highest
increase in firmness were recorded for the cheeses from P3 during winter (370%)
and during summer (126%).

The relationship between moisture content and instrumental firmness was
evaluated through the Pearson correlation and the results were presented in
Figure 4 (A-F). All analyzed data showed a negative correlation, the higher the
moisture content, the lower the firmness, with high correlation coefficients (r) and

also high coefficients of determination (r2), except the data from P1 during winter,
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although only the data from

confidence (p<0.05).
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Figure 4. Pearson’s correlation for moisture (%) and firmness (g). Where P1,;
P2; P3 are the three producers; S means summer; W means winter. Graphs A
and B show the results for producer P1 in summer and winter, respectively.
Graphs C and D present the results for producer P2 in summer and winter,
respectively. Graphs E and F show the results for producer P3 in summer and
winter, respectively.

DISCUSSION

Artisanal cheeses are considered unique as their sensory diversity derives from

the lack of standardization of the types and concentration of microorganisms

involved in the manufacture of the product (Bachmann et al., 2011), as well as

the different environmental characteristics which influence the proteolysis, among

other transformations. The proteolysis can be catalyzed by enzymes from

different origins: (i) produced by the microbiota naturally present in the raw milk,

(ii) from added microorganisms, (iii) naturally present in raw milk and/or (iv) from

the milk coagulation agent (McSweeney, 2004; Bachmann et al., 2011).

TRICINE-SDS-PAGE

Casein is the main constituent of cheese and can be classified according to

composition and amino acid sequence into four fractions: asi, asz, f and k-casein
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(Perna et al., 2014). The manufacture of all varieties of cheese involves the
coagulation of the casein. For enzymatic coagulation, a network that retains the
milk fat occurs. During coagulation, k-casein is hydrolyzed in the primary phase
of rennet action and loses its protective capacity, resulting in the release of the
hydrophilic C-terminal segment and in the formation of small peptides during
coagulation. When pure renin is used as the coagulant, peptide bond hydrolysis
occurs between amino acids Phe-105 and Met-106 (Fox, 1993). The proteolytic
activity during cheese ripening depends on several factors, such as the type of
coagulant used, residual action of the coagulant and native milk proteases, which
may be influenced by the moisture content of the cheese as well as the
temperature and relative humidity of the ripening place (Fox et al, 2015)).
Different casein fractions and protein breakdown products can be observed
throughout ripening by electrophoresis, which is probably one of the most used
techniques to monitor the cheese ripening process (Perna et al., 2014). The a-
casein fractions are more susceptible to proteolysis whereas the degradation of
B-casein is much less common (Fox et al., 2004).

Electrophoresis techniques are based on the separation of proteins according to
molecular weight and allow the comparison of the intensity of the stained
polypeptide chains in a polyacrylamide gel. Electrophoresis can be used to
monitor casein hydrolysis into smaller compounds, to evaluate the formation of
peptides of different molecular weights, which helps the understanding of the
proteolysis that occurs during cheese ripening (Baldini, 1996; Zhao et al., 2019).
The TRICINE-SDS-PAGE results in this study showed that proteolysis could be
related to the duration of ripening, as no sample showed any signs of proteolysis
after three days of maturation, and as it was possible to verify higher intensity of
low weight bands (peptides) over the ripening time.

Proteolysis could also be related to the season of production, as higher hydrolysis
was detected in summer than in winter. During summer, temperatures and
relative humidity are higher, which can influence the activity of proteases. But
mostly this analytical tool showed the relationship between proteolysis and the
producer of origin of the samples. This was expected, to some extent, as the
endogenous microbiota present in the pingo and in the raw milk was
characteristic of each property and it results in the typical Terroir of each

producer.
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However, the behavior of the samples from P3 suggested that other factors may
also have exerted some influence. In the manufacturing of AMC-Serro, salting is
performed on the surface of the cheese and whey drainage occurs for three days,
while the cheeses are in the molds. On the third day, the product is unmolded
and placed on wooden shelves in the ripening room to begin maturation. During
the ripening, the cheeses may be rinsed with running water, to remove surface
fungi that may develop, and the thickening of rind occurs. Washing occurs every
two or three days, depending on the ambient temperature and humidity conditions
of the ripening room (Chaves et al., 2018). The producer #3 was the only one in
this study to wash periodically the rind of the ripening cheeses, thus preventing
the growth of fungi on the surface. Unlike P3, the producers #1 and #2 did not
wash the cheeses during the ripening, allowing the development of mold on their
surfaces. It is possible that the metabolites of these fungi have penetrated the
interior of the cheeses and influenced the proteolysis, which would explain the
differences observed in the electrophoretic profile of the cheeses studied. It was
also observed that the P1 samples showed similar behavior in the two seasons
studied, probably due to the characteristics of temperature in the maturation room
of this producer, that showed the least variation throughout the year among all
producers.

The differences in the electrophoretic profile of the 3 producers attest that there
is a lack of standardization among their processing units. Future supervision
should be given to these producers in order to guide them to take measures to

minimize the differences.

Ripening extension and depth indices

The evaluation of the ripening process in cheeses may be achieved by the
analysis of two ripening indices: the ripening extension index and the ripeningthe
depth index, where the soluble nitrogenous substances that accumulate, due to
casein hydrolysis, are quantified. The ripening extension index reflects the
amount of proteins and peptides that are soluble in water at pH value of 4.6 - the
isoelectric point of caseins, which, when intact, remain insoluble. The ripening
depth index indicates the amount of low molecular weight nitrogenous
substances (free amino acids, small peptides, among others) accumulated during

ripening, that remains soluble in a 12% TCA solution (Pereira, 2010).
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The ripening extension index is related to primary proteolysis, associated with the
action of milk endogenous proteases and the enzymes used as coagulants on
aS-caseins and, to a lesser extent, on B-casein, giving rise to high and medium
molecular weight peptides (Roseiro et al., 2003; Fox et al., 2004). Since all
producers used the same commercial coagulant from the same supplier, the
differences found between the samples for the proteolysis extension index, in the
same season, should be credited to the differences due to the endogenous milk
proteases or proteases produced by the microorganism present of each
producing farm. Milk has some endogenous proteases, among which plasmin is
the main one. It is an alkaline protease, which preferably hydrolyzes [3-casein to
y-casein (Fox et al., 2004; Guerreiro et al., 2013).

Also, as very little proteolysis was detected during winter, it is reasonable to infer
that the activity of these proteases was favored by the higher temperature,
characteristic of the summer season, as has already been stated by other authors
for Mozzarella cheese (Guinee, 2001; Costa Junior et al., 2009). This may also
explain why the samples from P2 showed less extension of proteolysis, even in
the summer: as the ripening room in this farm is thoroughly protected from the
sun, the temperature during the ripening period remained lower over the whole
year. It is also noteworthy that the practice of washing the cheese rind throughout
maturation, characteristic of this region and applied only by producer #3, seems
to have led to a lower ripening extension index, especially in winter, when
compared to producers #1 and #2. It is possible that this practice contributed to
causing a reduction in the cheese temperature, reducing the enzymatic activity.
The ripening depth index represents mostly the presence of smaller peptides
(from 2 to 20 amino acids) which are formed by the further hydrolysis of the larger
peptides generated by the coagulant proteases in the first stages of maturation.
In general, the enzymes secreted by the microbiota are responsible for this stage
of proteolysis (Pereira et al., 2007). The results for this index showed the same
behavior and profile as the results obtained for the extension index, probably for
the same reasons. However, for P3, the washing process may also have
interfered in the growth of superficial microorganisms, hindering even further the
proteolysis during winter. It is remarkable, nonetheless, that this procedure did
not prevent proteolysis in the cheeses from P3 to reach the same levels as the
samples from P2, in the summer, probably due to the higher temperature that
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was achieved in the ripening room, exposed to the afternoon sun, between
washes.

AMC-Serro studied by Pinto et al. (2011) presented proteolysis extension values
around 12% and close to 7% for proteolysis depth, after 8 days of ripening, which
are within the range observed in this study for the samples from P3, also a typical
rind washed AMC-Serro producer.

Several regions in the state of Minas Gerais produce AMC like the ones produced
in Serro. Cheeses produced in these regions were evaluated in studies by Costa
Junior et al. (2009) and Silva et al. (2011), who studied the AMC-Canastra, and
Sobral et al. (2015) who studied the AMC-Araxa and AMC-Cerrado, respectively.
In these studies, cheeses presented ripening extension indices of 13.55%
(Araxa), 13.14% (Cerrado) and 10.64% (Canastra). The ripening depth indices
were 8% (Araxa), 8.94% (Cerrado) and 4.66% (Canastra). The AMC-Canastra
were ripened for 8 days and AMC-Araxa and AMC-Cerrado were evaluated for
up to 60 days of ripening. It was observed that proteolysis increased over the

ripening time for the AMC of the different regions studied.

Moisture and firmness

According to Resolution No. 7 (Brasil, 2001), which regulates and supervises the
manufacture of artisanal cheeses in Brazil, AMC are supposed to be medium-
moisture cheeses, with moisture content between 36.0 and 45.9%. In this study,
all cheese samples produced in summer presented moisture values within this
range, from the beginning of the ripening process. However, after 60 days of
ripening, regardless of the season, all samples were classified as low-moisture
cheeses, with moisture content under 36%. More concerning was the finding
about the water loss speed during the winter. According to the same Resolution
(No. 7), AMC must be matured for at least 17 days, period during which the
cheeses must reach the regulatory moisture, that has the purpose to ensure the
safety and the quality of the product. The samples from P1 and P2 showed
moisture contents higher than 45.9%, after 17 days of ripening, in winter,
gualifying as high-moisture cheeses. Water loss for the samples from P1 and P2
did not change with the seasons, probably due to the location of the maturation
rooms on these farms, sheltered against the sun and, thus, with less variation in

temperature and relative humidity throughout the year. As the samples showed
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higher initial moisture in winter, it was not possible to reach the desired final
moisture after only 17 days of ripening, during this season. Machado et al. (2004),
when analyzing AMC-Serro after 6 days of ripening during winter, also classified
them as high-moisture cheeses. The samples from P3 showed a somewhat
unexpected behavior, sustaining higher water loss in winter than in summer,
which may be related to the proteolysis that occurred differently during the two
seasons: proteolysis was very limited in the samples from P3 in winter but not in
summer.

There is a correlation between cheese firmness and the amount of intact as-
caseins present, which is explained by the fact that casein decomposition
products are mostly water soluble and therefore do not contribute to the protein
matrix. In addition, each peptide bond that is cleaved generates two new ionic
groups that compete for the available water. Thus, water previously used for
protein chain solvation is bound to the new ionic groups (Lamichhane et al.,
2018). As a consequence, high levels of proteolysis tend to decrease water loss
during ripening as well as to reduce cheese firmness over time.

Instrumental firmness determines shear strength, measured at maximum force
and expressed in grams (Marinho et al., 2015). Cheese texture is largely
dependent on the relationship between casein and moisture (McSweeney et al.,
2006; Zhao et al., 2019). In the present experiment a fairly good negative
correlation between water loss and firmness could be verified: as a decrease in
moisture was observed, the cheese samples became increasingly resistant to
deformation, that is, firmer. The same can be said about proteolysis. If the extent
of proteolysis (Figure 2A) is compared with firmness (Figure 3B), for all
producers, hydrolysis was higher in summer and firmness was lower in the same
season, in a negative relationship, as expected. Likewise, there was a lesser

water loss when there was greater hydrolysis, for all producers.

CONCLUSION

The present paper shows the first attempt, to the extent of our knowledge, to
relate the proteolysis during ripening of AMC-Serro with the different producing
farms and seasons. In general, proteolysis was more intense in summer than in
winter, due to the higher temperatures and moisture, which influence the

enzymatic activity in the cheese. Other factors directly or indirectly influencing the
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temperature also determined the behavior of proteolysis, such as ripening room
location and rind-washing, showing large differences among the three producers
evaluated. The degree of proteolysis also influenced the water loss during
ripening, with great influence on cheese safety.

The results obtained in this study may be used to better understand the
transformations during ripening of AMC-Serro and help the small traditional

farmers improve their product’s quality and stability.
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Abstract

Purpose

The Serro region, located in Minas Gerais, Brazil, is known for its tradition of
producing Artisan Minas Cheese (AMC). The AMC of Serro is of great historical
and socioeconomic importance but there is little scientific information about its
sensory characteristics. Thus, this study aimed to sensory characterize this
cheese over 60 days of ripening at the farms where it was produced, in two
seasons, winter and summer.

Design/methodology/approach

Cheeses from three different farms/producers were collected in the winter and in
the summer. The cheeses with 17, 30 and 60 days of ripening, were assessed
as to the sensory acceptance and its were characterized using Check-All-That-
Apply (CATA). The results of the acceptance tests were evaluated statistical
analysis applying a ANOVA with the Tukey test and the results of CATA analysis
was performed using the correspondence analysis.

Findings

The results showed that the differences were greater because of the producers
rather than due to the ripening time. In winter, the cheeses with the shortest
ripening time studied (17 days) were the most accepted and the descriptors in
the CATA questions were "moist appearance”, "soft" and "creamy". In summer,
the most ripened cheeses (60 days) were more accepted and described as
having “thick crust”, “dried up” and "firm".

Originality

This study is one of the few that used the CATA questions to obtain a sensorial
characterization of AMC of Serro at during 60 days of ripening. The results can
be used for helping the standardization, protection, and preservation of this
cheese by providing information about its unique characteristics. Another key
characteristic was that the cheeses used in this study were ripened on farms in
uncontrolled environmental conditions.

Keywords: acceptance test, traditional cheese, terroir.
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INTRODUCTION

In Brazil, the state of Minas Gerais is known for its cheese production. The state
Is one of the largest producer of cheese and it is more experienced in cheese
processing as it has a long history of cheese production (Martins et al., 2015).
There are seven different cheese production regions in Minas Gerais where
artisanal cheese production with raw milk is allowed. One of these regions is the
Serro region. Artisan Minas Cheese of Serro (AMC-Serro) is of great historical
and socioeconomic importance, but there is little scientific information about its
sensory characteristics (Monteiro et al., 2018). This cheese is recognized by the
Institute of National Historical and Artistic Heritage (IPHAN - “Instituto do
Patriménio Historico e Artistico Nacional”) as an intangible heritage of Brazil and
was the first Brazilian cheese to receive a geographical indication from the
National Institute of Intellectual Property (INPI - “Instituto Nacional de
Propriedade Intelectual”) in 2011 (IPHAN, 2008; INPI, 2011; Monteiro, 2018).
The production of AMC-Serro uses raw milk, pingo as an inoculum and an
enzymatic coagulant. The pingo is a salted whey with endogenous bacteria
drained from the cheese after the second day of draining. Normally, the pingo is
stored at room temperature overnight to be used in the next day’s cheese
production (Castro et al., 2016). With raw milk, the diversity of the microbiota
cannot be standardized, so artisanal cheeses normally have a great sensorial
diversity (Bachmann et al., 2011). In Brazil, by legal requirement, artisan cheeses
must be processed on farms with raw milk and it should be ripened on the farm
at in room temperature and relative humidity (Monteiro, 2018).

The sensory characteristics are very important for acceptance by the consumer.
The taste and aroma of the cheese are considered important criteria by
consumers when choosing the cheese at the time of purchase (Stone et al., 2012;
Licitra et al., 2019). In cheeses, color, aroma, flavor, and consistency stimulate
the sensory receptors and provoke reactions of acceptance or rejection of the
product by the consumer (Issanchou, 2008).

Check-all-that-apply (CATA) is a descriptive and rapid sensory method that has
been used to obtain information on consumers’ perceptions of the sensory
characteristics of food products (Adams et al., 2007). This method consists of a
structured questionnaire with a list of descriptors that were previously defined by

a group of trained panelists, by consumers or with data from the literature. The
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consumers select all the listed descriptors that they consider appropriate to
describe a certain product (Jaeger et al., 2015). Among the main advantages of
the CATA methodology are the simplicity and speed with which the analyses are
performed (Adams et al., 2007). The main limitation of this technique, according
to Dooley et al. (2010), is that the intensities of the attributes presented in the list
are not measured. The CATA method can be used in conjunction with affective
sensory tests, such as acceptance tests. Through the product characterization is
carried out by consumers, it is possible to understand the sensory attributes that
can determine the acceptance of a product (Plaehn, 2012; Ng et al., 2013).
Characterizing the sensory profile of artisanal cheeses allows the
standardization, protection, and preservation of these products. In addition, this
characterization provides information about their unique characteristics that make
them potential candidates for a protected designation of origin (DOP). This is
quite common in European cheeses (Bemfeito et al., 2016).

In summary, this study aimed to sensory characterize AMC-Serro over 60 days
of ripening on the farms where the milk was produced, in two seasons, winter and

summer.

MATERIALS AND METHODS

Sampling

This study used AMC-Serro from three different farms/producers (P1, P2 and P3).
Each piece of cheese weighed approximately 1 kg. All samples were produced
with raw milk and followed the traditional processing techniques from the Serro
region. The pingo (the salted whey collected on the second day after coagulation)
was used as an inoculum and the coagulant agent was the industrial microbial
chymosin from Aspergillus niger var. awamori manufactured by Ha-La®, Chr.
Hansen. The results presented are the average of two batches of cheese
processed each day.

The cheeses were ripened in the “cheese room” on the farms where the raw milk
and the cheeses were produced. Cheeses from P3 were rinsed every two or three
days along the ripening period, while the P1 and P2 products did not apply this
step. The cheese from P3 is considered to be the typical, the traditional AMC-
Serro.
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Samples were collected at 17, 30, and 60 days (17d, 30d, and 60d) of ripening
from the three farms in the winter of 2017 and in the summer of 2018. The
samples were coded as follows: 17dP1, 17dP2, 17dP3, 30dP1, 30dP2, 30dP3,
60dP1, 60dP2, and 60dP3.

All the farms were in the county of Serro, but the ripening rooms of each property
had different characteristics, which caused variations in temperature and relative
humidity throughout the year. The ripening room in P1 was in an area with little
exposure to direct sun. It had an average temperature of 18.2 °C and 68% relative
humidity in winter, and 21 °C and 78% humidity in the summer. The ripening room
in P2 was in the shade, under the canopy of a tree. It had an average temperature
of 17 °C and 72% relative humidity in the winter and an average temperature of
20 °C and 81% humidity in the summer. In P3, the ripening room was exposed to
direct afternoon sunlight. It had an average temperature of 18.5 °C and 67%
relative humidity in winter, and an average temperature of 22.5 °C and 78%
humidity in summer. The temperature and relative humidity data were recorded
using a thermo-hygrometer (Instrutherm Mod. HT-70, Sdo Paulo, BR) according
to the manufacturer's instructions. The measuring instrument was placed on a
shelf of cheese in the ripening room at a height of 1.8 m. The ripening rooms,
called the “cheese room”, had approximately 20 m?. They were made of brick and
lined with ceramic and the cheeses were ripened on wooden shelves.

The samples (whole cheeses, three of each level of ripening) were packed in
plastic bags and coded for refrigerated transportation to the Embrapa Food
Agroindustry facility in Rio de Janeiro. Before the sensory evaluation, all the
samples of AMC were analyzed to determine their microbiological safety required
by the Brazilian legislation (Brasil, 2001).

Consumers

The first stage of the study was carried out with the cheeses produced in the
winter (July 2017). The test was developed with 80 consumers. The second stage
of the test was conducted with cheeses produced in the summer (February 2018)
with 100 consumers participated. The consumers were employees and trainee of

the Embrapa Food Agroindustry.
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Sensory Analyses

The sensory analyses (winter 2017 and summer 2018) were performed in the
sensory analysis laboratory at Embrapa Food Agroindustry. The Ethics
Committee approved this study, the approval number is CAAE
21757913.7.0000.5284.

The analyses, in both seasons, were performed using the same methodology.
First, consumers analyzed the appearance, then the aromal/flavor/texture
attributes. The test was a sequential monadic, design and sample presentation
orders were balanced in each serving position using the Williams Latin Square
design (Williams, 1949). Each consumer tested the samples encoded with three
random digits. The samples were evaluated using the acceptance test (Peryam
and Pilgrim, 1957) and the CATA questions (Ares et al., 2011). The sensory
acceptance test was performed using the 9-point hedonic scale (1=dislike
extremely; 9=extremely like). Samples were considered accepted when
presented score above 6.

The terms used in the CATA questions (Table I) were selected using a group of
panelists, and the terms were based on a previous study carried out by Freitas-
Saetal. (2016). The descriptors considered important to characterizing the AMC-
Serro were chosen using the cheeses which were evaluated. The order of
presentation of the descriptors was balanced among the consumers (Ares et al.,
2014).

To assess the appearance, the cheeses were cut in half so the evaluators could
simultaneously evaluate the interior and exterior of the product (Figure 1). The
CATA questions for assessing the appearance of the cheese contained 15 terms
(Table I).

The test of aromal/flavor/texture attributes performed in individual booths under
white light. Samples (cubes of cheese with a 2 cm edge, weighing about 20 g)
were served at controlled ambient temperature (25 £ 2 °C) in a disposable dish.
The rind of the cheeses was removed so that the appearance of the product
would not influence on the perception of the taste. Consumers were asked to
evaluate flavor, aroma, and texture attributes of each sample. In the tray with the
samples, the consumers had a cream-cracker and a glass of mineral water at

room temperature, they helped to clean the palate between the samples. The
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CATA guestions contained 29 terms relating to the attributes of the flavor, aroma,

and texture (Table I).

APPEARANCE AROMA/FLAVOR/TEXTURE
Yellow rind color Buttery flavor/aroma Hard
Cheese with irregular holes Milk flavor/aroma Soft
White color inside Mild flavor/aroma Gritty
Thick crust Requeijao* flavor/aroma Elastic
Smooth texture inside of the cheese | Parmesan flavor/aroma Succulent
Cream color inside Strong flavor/aroma Fatty
With whitish spots on the rind Bitter taste Firm
Roughness in the rind Salty taste Sticky
Cheese with rounded eyelets Sour taste Crumbly
Cream color of the rind Sweet taste Spicy
Dried up Aroma of old Fruity
Moist appearance Acid aroma Cured
Golden rind color Bitter residual taste Creamy
Homogeneous rind Rancid aroma Curd aroma
Yellow color inside Corral aroma

Table I: Terms used in the CATA Questions (adapted from Freitas-S4 et al., 2016).
*Requeijdo is a typical Brazilian cheese.

Figure 1: Photograph of AMC-Serro samples to perform Sensory Analysis of the
Appearance of cheeses with 60 days of ripening, from left to right 60dP1, 60dP2 and
60dP3.

Font: own authorship

Data analysis

The results of the acceptance tests were evaluated using statistical analysis and
applying ANOVA with the Tukey test and p < 0.05 was considered significant.
This evaluation used the GraphPad Prism (5.0) ® software.
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The results of CATA analysis was performed using the correspondence analysis
technique using the XLSTAT® 2011.4.01 software.

RESULTS AND DISCUSSION

The results of the tests for acceptance can be observed in Tables Il and Ill. The
correspondence analysis of the descriptors of the sensory characteristics
determined using the CATA questions are presented in Figures 2, 3, 4, and 5. In
general, the results showed that the differences varied more by producer than by

ripening time.

SAMPLE WINTER/2017 SUMMER/2018
17dP1 4.61PcA 4.59°A
17dP2 6.403A 6.173PA
17dP3 7.33%A *
30dP1 5.15bPA 3.40%
30dP3 7.38%A 7.10%A
60dP1 4.06°A 3.12%
60dP2 * 4.67°A
60dP3 4.,79PcA 5.43bcA

Table II: Result of the Acceptance Test of the appearance of artisan cheeses from the
three producers studied during the ripening in summer and in winter.

* means problems with samples, which could not be part of the sensory analysis.

Equal capital letters do not differ statistically between the seasons

Lowercase letters do not differ statistically between the samples of the same season.

SAMPLE | WINTER/2017 | SUMMER/2018
17dP1 6.252A 5.70%A
17dP2 6.893A 5.76A
17dP3 6.70A *
30dP1 5.99A 6.09A
30dP3 SISVES 6.263A
60dP1 6.05A 4,748
60dP2 * 5.6230A
60dP3 5.86PA 6.38%A

Table Ill: Result of the Acceptance Test for aroma/flavor/texture of artisan cheeses from
the three producers studied over the time of ripening in summer and winter.

* means problems with samples, which could not be part of the sensory analysis.

Equal capital letters do not differ statistically between the seasons and lowercase letters
do not differ statistically between the samples of the same season.
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During ripening, cheese undergoes in a series of chemical and biochemical
reactions that change the sensory characteristics, the appearance, flavor, aroma,
and texture (McSweeney, 2004). The artisan cheeses made from raw milk have
sensory characteristics influenced by the production and ripening location, local
edaphoclimatic variations, endogenous microbiota, and the characteristics of milk
in natura (Martins et al., 2015).

In winter cheeses, the samples that had better acceptance of appearance were
17dP2, 17dP3, and 30dP3 (Table Il). Each of these had scores above 6 and no
significant differences were observed between them. In the summer, the samples
that scored above 6 were 17dP2 and 30dP3, and there was no significant
difference between them (Table II). Only cheeses 30dP1 and 60dP1 showed
significant differences in the acceptance concerning the appearance between the
two studied seasons. The other samples did not differ statistically between winter
and summer (Table II).

According to the correspondence analysis of the CATA questions for appearance
that there was a similarity between the P1 samples with 17 and 30 days of
ripening, both in the winter and in the summer (Figures 2 and 3). The P3 cheeses
with 17 and 30 days of ripening also showed similarity. However, the P2 samples
showed different characteristics in the two seasons studied. It was also noted that
the P2 and P3 samples with 60 days of ripening showed similar characteristics,
in the winter and in the summer (Figures 2 and 3). The descriptors most often
used to characterize the appearance of the cheese produced in were “thick crust”,

“with whitish spots on the rind”,

smooth texture inside of the cheese”, “roughness
in the rind”, “dried up”, “cream color inside”, and “golden rind color”.

Regarding the aroma/flavor/texture evaluation, in the winter, the cheeses with the
best acceptance were 17dP1, 17dP2, 17dP3, and 60dP1. Each of these cheeses
had scores above 6 (Table IIl). In the summer, samples 17dP1, 30dP1, 30dP3,
60dP1, and 60dP3 did not differ significantly and were accepted. However,
samples 17dP1 and 60dP1 were not sensorially accepted, as they had scores
below 6 (Table Il1). Only the 60dP1 sample showed a significant difference in the
aroma/flavor/texture acceptance between the two seasons studied (Tables Il and
).

The correspondence analysis of the CATA questions for aroma/flavor/texture of

winter samples, there was a similarity between the samples with 17 days of
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ripening of P2 and P3 (Figure 3). Samples 30dP1, 60dP1, and 60dP2 also
showed similar characteristics. In the summer, only samples of P3 with 30 and
60 days of ripening showed similarity (Figure 4). In general, the summer samples
had more distinct characteristics than the winter samples (Figures 3 and 4). The
descriptors most often used to characterize of aroma/flavor/texture were

"creamy"”, "soft", and "firm". It is important to note that in the CATA analysis,
consumers only assess whether the descriptor is appropriate or not to describe
the product, it is not associated with intensity of the descriptors (Varela and Ares,
2012). In this test, consumers can choose all the terms from a given list that they
think they were appropriate to describe the product under analysis (Alcantara and
Freitas-S4, 2018).

In the winter, sample 17dP2 was the only one that had acceptance in both tests
(Tables Il and Ill). In the summer, only the sample 30dP3 was fully accepted, for
appearance and aroma/flavor/texture evaluation (Tables Il and Ill). The cheeses
from P2 showed the lowest similarity for CATA questions over ripening time
between the two seasons studied.

The cheeses that had greater acceptance of appearance were those of P3, which
scored above 7 for all the samples studied. For the appearance of cheeses from
P3, the most common descriptors chosen for both seasons were “smooth texture
of the cheese” and “homogeneous rind”. However, the winter samples 30dP3 and
60dP3 did not have aromal/flavor/texture acceptance (Table Ill). The cheeses
from P3 had smooth surfaces because the rinds washing of these cheeses during
ripening, as is the traditional technigue used in the region. Only the P3 cheeses
had the rind washed, which is typical step of the traditional processing of AMC-
Serro. This led to great variation between the cheeses of P3 and those of P1 and
P2.

The appearance of summer samples 17dP1 and 60dP1 were not accepted, but
aromal/flavor/texture of both cheeses were accepted. The summer sample 60dP1
was the least accepted, it had the lowest scores, both for appearance (3.12) and
aroma/flavor/texture evaluation (4.74). The appearance of the cheeses from P1
was not accepted, probably due to the presence of fungi on the rind. In all the
cheeses from P1 (including both winter and summer), the descriptor most marked
for appearance was "thick crust”, evidencing the presence of fungi on the surface
of these cheeses, as a result of not washing the rind during ripening. The P1
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cheeses since this product did not have their rinds washed during the ripening,
thus allowing the growth of fungi on the surface. This version of AMC-Serro with
a fungus rind is a new product in the region that is being studied and gaining new
markets with this interesting added value. However, the appearance is not typical
of AMC-Serro what probably explains its rejection by the consumers observed in
this study that were not used to this appearance. It is important to note that the
winter 60dP1 sample had the lowest score in the acceptance of appearance, but
it had a good aroma/flavor/texture acceptance. According to Delgado et al.
(2016), the fungi present on the surface may contribute to the taste of cheeses
due to oxidative and enzymatic reactions, such as lipolysis and proteolysis. In
addition, the metabolites of these fungi may penetrate the interior of the cheeses
and influence proteolysis (Carneiro et al., 2020).

In the winter, it was observed that the less ripened cheeses were better accepted,
all samples with 17 days of ripening were well evaluated. This may be related to
the fact that the standard Minas cheese, the most well-known and popular cheese
in Brazil, is ripened for 20 days (Brasil, 2020). The cheeses with 17 days of
ripening were the ones that most resembled the standard Minas cheese. In a
study carried out by Resende (2014) with artisanal Minas cheeses from Campo
das Vertentes (MG), which studied cheeses that had been ripened up to 30 days,
the cheeses with 10 days, or the shortest ripening time, had the best acceptance.
Unlike with the winter cheeses, in the summer there was a preference for more
ripened cheeses. The consumers noted that cheeses with more than 30 days of
ripening had more remarkable flavor. In the CATA questions, the descriptor
“strong flavor/aroma” was among the most used for the samples the summer
30dP3 and winter 60dP1 and 60dP2, demonstrating that the flavor become more
intense with the ripening. The flavor intensity increased as the ripening period
progressed (Licitra et al., 2019). The 60dP2 sample was described as having a
“bitter aftertaste”, a defect that is related to an intense proteolysis. The TRICINE-
SDS-PAGE results in the study by Carneiro et al. (2020) showed that proteolysis
could be related to the duration of ripening because of the formation of peptides
over the ripening time. The protein hydrolysis must be controlled during ripening
to result in pleasant flavors and avoid the formation of a bitter aftertaste (Bemfeito
et al.,, 2016). Proteolysis is the most complex biochemical event that occurs
during the ripening of cheese that change the texture and develop the
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characteristics flavor and aroma (Pereira, 2019). This occurs not only due to the
proteolysis, but also because there is formation of aromatic compounds with
secondary catabolic alterations of proteolysis products.

Ripening is an important step in the manufacture of AMC. In the case of AMC-
Serro, the law requires that the cheese must be matured for at least 17 days. This
is according to Resolution N° 7 of the Ministry of Agriculture, Livestock and
Supply (MAPA), that regulates and supervises the manufacture of artisanal
cheeses (Brasil, 2001). During ripening, for standardization of the quality it is
important to control the temperature and relative humidity conditions, in addition
to the ripening time (Monteiro, 2018). The raw milk microbiota is responsible for
the diversity of aromas and flavors, especially in cheeses ripening for long periods
that suffer intense proteolysis and lipolysis (Bachmann et al., 2011). Carneiro et
al. (2020) verified the relationship between proteolysis and the producer of origin
of AMC-Serro since the endogenous microbiota present in the pingo and the raw
milk are characteristic and results in specific terroir. The season also influences
proteolysis, higher protein hydrolysis was detected in summer. In summer,
temperatures and relative humidity are higher, which may influence the activity of
proteases.

Some characteristics found in the present study, such as thick crust, dry
appearance, softness, and intense flavor were also observed in studies carried
out by Nébrega (2012) and by Monteiro et al. (2018). The AMC-Serro cheeses
with more than 13 days of ripening were characterized as having a dark yellow
color, dry appearance, thick and firm crust, soft interior, intense flavor, a
characteristic acidity, and a bitterness (Monteiro et al., 2018). Serro cheeses
matured for 23 days were described with characteristics such as a yellowish,
rough rind and a soft texture (Nobrega, 2012).

The following sensory characteristics were identified in AMC-Serro by Monteiro
et al. (2018): the aroma of parmesan, the aroma of requeijdo, the fungi
appearance, with whitish spots, gritty, fatty, crumbly consistency, fruity, cured,
and spicy flavor.

Ripening significantly affects the quality of the cheeses, generating changes in
sensory characteristics over time (Freitas-Sa et al., 2016; Monteiro and Chaves,

2018). However, according to Resende (2014), the ripening time does not
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influence the consumer decision when buying this type of cheese, possibly due
to the lack of standardization or the lack of a sharp taste of mature cheeses.
The cheeses studied had different characteristics, which proves the influence of
temperature and relative humidity on the development of the sensory
characteristics of the product. There was also a variation between the cheeses
from different producers due to different approaches to rind washing during
ripening. Nobrega (2012) observed a great variation in the sensory profiles of
artisan cheeses from Serro, indicating that the conditions for producing the
product varied considerably between different farmers. According to Carvalho et
al. (2019), the variability of inter-farm microorganisms is wide, while intra-farm
variability is generally less (except in different seasons). This explains the
sensory variety observed in the artisan cheeses studied.

The terroir of these cheeses is a result of the endogenous microbiota from the
milk, the pingo, and the bacteria that grow on the surface of the cheese during
the ripening. The amount and composition of pingo added to the milk varies
between producers, causing variations in the intensity and speed of fermentation
(Machado et al., 2004; Bemfeito et al., 2016). The pingo contains the microbiota
responsible for the flavor, texture, and color that define the region where the
cheese was produced (Pereira, 2019). The set of microorganisms present in the

final product create its unique flavor and sensorial aspects.

CONCLUSION

The cheeses evaluated in the present study showed the sensory differences in
AMC-Serro produced by three different farms/producers over the ripening. The
results showed that the differences were greater because of the producers rather
than due to the ripening time. This means that the different ripening conditions
and the rising step of the rind of the cheese had a greater influence on the sensory
characteristics of the studied products.

The results of this study showed that the absence of the rind washing step
generated a great sensory change in the cheeses over the maturation. The
cheeses that were not washed had fungus on the rind, which led the consumers
to reject their appearance. While the appearance of these cheeses was rejected

due to the irregular rinds, the flavor and aroma were more accepted.
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CONCLUSAO GERAL

Os resultados apontados, nesta pesquisa, demonstraram a importancia
da realizacdo de estudos utilizando os queijos artesanais maturados na
propriedade de origem.

Ficou evidente que as diferencas foram maiores entre os produtores do
que em relacéo ao tempo de maturacao, as diferentes condi¢cdes de maturacéo
mostraram ter uma maior influéncia sobre as caracteristicas dos queijos.

A auséncia da etapa de lavagem dos queijos modificou tanto as
caracteristicas sensoriais, quanto as bioquimicas. A presenca de fungos na
casca do queijo gerou alteracdes nas caracteristicas sensoriais, que levaram a
maior apreciacdo das caracteristicas de sabor/aroma/textura, apesar da
aparéncia nao ter sido aceita. O crescimento de fungos na superficie dos queijos
também influenciou a protedlise, intensificando-a.

Verificou-se que houve influéncia da estacdo do ano nas caracteristicas
dos queijos, os queijos do verao apresentaram protedlise mais intensa quando
comparada a do inverno. Os queijos com maior tempo de maturagdo foram os
mais aceitos no verao, enquanto, no inverno, 0s queijos menos maturados
tiveram maior aceitacao.

Os resultados desta tese abrem caminho para o entendimento das
transformacdes que ocorrem durante a maturacdo do QMA do Serro e
possibilitam a preservacéo e padronizacédo deste importante produto artesanal e

historico.
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Método de Eletroforese de Proteinas TRIS/TRICINA Modificado para
Identificacdo da Hidrolise das Caseinas ao Longo da Maturacéo de
Queijos

Tatiana de Lima Azevedo®
Juliana de Oliveira Carneiro®
Marilia Penteado Stephan®
Alexsandro Araujo dos Santos®

Ana Carolina Sampaio Doria Chaves®

ILicenciada em Quimica, especialista em Ciéncias Ambientais, analista da Embrapa
Agroindustria de Alimentos, Rio de Janeiro, RJ.

2Engenheira de Alimentos, doutoranda da Universidade Federal do Estado do Rio de Janeiro,
Rio de Janeiro, RJ.

8Farmacéutica, doutora em Bioquimica, pesquisadora da Embrapa Agroindustria de Alimentos,
Rio de Janeiro, RJ.

4Técnico em Alimentos, assistente da Embrapa Agroindustria de Alimentos, Rio de Janeiro, RJ.
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INTRODUCAO

Durante a maturacdo de queijo ocorrem simultaneamente varias reacdes
fisicas, quimicas e bioguimicas. Inicialmente ocorre a hidrélise do acucar e pode
ocorrer também a hidrélise de gordura (lipdlise) e das proteinas (protedlise). A
protedlise afeta o sabor e a textura dos queijos ao longo da maturacdo. A
duracdo da maturacdo pode variar de alguns dias até mais de dois anos,
dependendo do tipo de gqueijo e de quanto valor quer se agregar ao produto final.
As condicbes de maturacdo tém influéncia direta na qualidade e nas
caracteristicas sensoriais do queijo, tais como: textura, sabor e aroma.

O objetivo deste trabalho foi apresentar a técnica de eletroforese
TRIS/TRICINA modificada pela inclusédo da etapa de retirada da gordura das
amostras de queijo que era um grande interferente nesta analise. A modificacao
da técnica tornou possivel a obtencao de géis com bandas bem definidas, claras
e, consequentemente, de facil interpretagéo.
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Preparo das amostras

Para ilustrar a técnica modificada, foram analisadas amostras de Queijo
Minas Artesanal do Serro com 17 e 60 dias de maturacdo, produzidos e
maturados em uma propriedade rural (ha sala de maturacdo) no municipio do
Serro, Minas Gerais conforme preconiza a legislacdo vigente. A Figura 1
apresenta os queijos Minas Artesanal do Serro analisados com 17 dias e 60 dias

de maturacao.

QUEIJO COM 17 DIAS MATURAGAO

QUEIJO COM 60 DIAS MATURAGAO

Figura 1: Queijos Minas Artesanal do Serro com 17 e 60 dias de maturacdo
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UTILIZACAO DA TECNICA TRIS/TRICINA

As amostras foram trituradas e congeladas para liofilizagéo por 24 horas
em liofilizador (Marca LioTop, modelo L101 ou similar). Extrai-se a proteina
pesando-se 2 mg de queijo em um tubo e dissolvendo em 1 mL de solucéo
tampao (pH 6,8 contendo 4% SDS, 12% glicerol, 2% mercaptoetanol e 0,01%
Coomassie blue G250) e tubo deve ser mantido sob agitacdo por uma hora em
temperatura ambiente.

A retirada de gordura dos queijos foi realizada da seguinte forma: amostra
dissolvida em solucdo tampao foi mantida sob refrigeracéo (4 °C) por 24 horas,
centrifugada em temperatura ambiente por um minuto a 5433 g. Com o auxilio
de um pipetador automatico, foi realizada a retirada da amostra (a proteina
desengordurada) da fase intermediaria, entre o precipitado sélido (depositado no
fundo do tubo) e o sobrenadante com a gordura do queijo na parte superior do
tubo.

Utilizando a técnica TRIS/TRICINA sem a modificacdo (ou seja, sem a
retirada de gordura) nao foi possivel observar bandas de proteinas claras no gel
de eletroforese. A corrida ficou distorcida em funcédo da elevada quantidade de
gordura presente, dificultando a interpretagéo dos resultados.

Na eletroforese foi utilizado um sistema da marca Bio-Rad (ou
equivalente) e a preparacao dos géis foi realizada de acordo com o proposto por
SCHAGGER e JAGOW (1987). No método eletroforético foram utilizados trés
géis com as seguintes concentracdes de acrilamida: (1°) com 16,5% para o gel
de separacao, (2°) com 10% para espacamento e (3°) com 4% para aplicacéo
da amostra. Foi aplicado 30 uL de cada amostra e a corrida do gel ocorreu sob
uma tensao de 15 V por 15 horas e com 85 mA por 6 h segundo STEPHAN et al
(2013). No gel foi aplicado também um padréo da marca Bio-Rad com as
seguintes proteinas (em kDa): triose-fosfato isomerase (26,625), mioglobina
(16,950), a-lactalbumina (14,437), aprotinina (6,512), insulina B-oxidada (3,496)
e bacitracina (1,423).

Ao final da corrida, o gel foi colocado sob agitacdo em solucao fixadora
com 50% metanol e 10% acido acético por uma hora. Subsequemente, o gel foi
lavado com agua destilada e submerso em uma solugéo corante com 0,025% de

azul de Coomassie G250 e 10% de acido acético por duas horas. Para descolorir
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o gel utilizou-se uma solugéo descolorante (com 10% de 4cido acético), 0 mesmo
foi mantido imerso sob agitacdo nesta solucdo por duas horas, a solucao foi
trocada a cada trinta minutos, com quatro repeticées. O gel foi entdo lavado com
agua destilada e digitalizado no Scanner (marca GE, modelo Image Scanner Il
ou similar). Na Figura 2 pode ser observado o fluxograma com as principais

etapas da técnica de eletroforese TRIS/TRICINA modificada.

Preparo da amostra: triturar o queijo e congelar a amostra

Liofilizar a amostra por 24 horas

Extracao da proteina: pesar 2 mg de queijo em um tubo Eppendorf, dissolver em
1 mL de solugéo tampéao (pH 6,8 com 4% SDS, 12% glicerol, 2% mercaptoetanol
e 0,01% Coomassie blue G250) e manter sob agitacdo por uma hora em
temperatura ambiente.

Retirada de gordura: incubar amostra dissolvida em solugdo tamp&o por 24 horas
a 4 °C e centrifugar por 1 minuto a 5433 g em temperatura ambiente.
Com um pipetador automatico retir a amostra da fase intermediéaria, entre o
precipitado solido (depositado no fundo do tubo) e o sobrenadante na superficie
(a gordura da amostra).

Aplicar 30 uL de amostra nos diferentes géis com as seguintes concentracdes de
acrilamida: 16,5% para o gel de separacéo, 10% para o gel de espacamento e de
4% para o de aplicacdo da amostra.

Corrida realizada em uma tensao de 15 V por 15 horas e com 85 mA por 6 horas.

Solucdo fixadora: imersao do gel em solucao de 50% metanol e 10% &cido
acético por uma hora, sob agitacao.

Lavagem do gel com agua destilada e imersdo em uma solugéo corante com
0,025% de azul de Coomassie G250 e 10% de acido acético por duas horas.
Descoloracéo: solucdo descolorante (10% de acido acético) por duas horas sob
agitacao, trocando a solugéo a cada trinta minutos, com quatro repeticoes.
Lavar gel com agua destilada e digitalizar.

Figura 2: Fluxograma da técnica de eletroforese TRIS-TRICINA modificada
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Avaliacado da hidrdlise das caseinas dos queijos

Na Figura 3 pode ser observado o gel com as amostras dos queijos sem
a modificacao, ou seja, sem a etapa de retirada da gordura. Neste gel foi possivel
se observar as distor¢des e a falta de nitidez das bandas em funcéo do elevado
contetdo de gordura das amostras (variando de 20 a 30% de gordura), em
especial na faixa entre 26,6 e 6,5 kDa. Na regido de 6,5 até 1,4 kDa as bandas
encontram-se totalmente indefinidas, o que indicou a necessidade de ajuste do

método.

Extratos ndo desengordurados
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Figura 3. Perfil eletroforético do gel com as amostras de queijos com 17 e 60

dias de maturagao sem a etapa de retirada da gordura.
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Foi realizada a modificagédo no preparo das amostras, incluindo-se a etapa
de desengorduramento. A eficacia da modificacao da técnica pode ser facilmente
visualizada na Figura 4, onde observa-se claramente a melhora no perfil proteico
das amostras dos queijos com os diferentes tempos de maturacéo (17 e 60 dias).
Com esta modificacdo foi possivel observar bandas bem definidas, claras e um
gel sem distor¢des (Figura 4). Foi possivel observar uma grande diferenca entre

géis com e sem a etapa de retirada da gordura.

Extratos desengordurados
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Figura 4. Perfil eletroforético do gel das amostras de queijo desengorduradas

com 17 e 60 dias de maturacao.
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Na Figura 4 observa-se o perfil proteico dos queijos com 17 e 60 dias de
maturacdo. Com 17 dias de maturacdo as fracbes de caseina a, B e K
encontravam preservadas, enquanto que com 60 dias de maturacdo observou-
se uma diminuicdo na intensidade destas bandas, indicando que houve
protedlise das caseinas ao longo da maturacdo, porém, ela ndo foi muito

acentuada.

CONSIDERACOES FINAIS

A técnica de eletroforese TRIS/TRICINA modificada foi eficiente na
identificacdo das diferentes fracbes de proteina (com bandas claras e sem
distor¢des), por esta técnica é possivel observar a formacéo de peptideos de
diferentes tamanhos ao longo da maturacao.

A etapa de retirada da gordura possibilitou a clara visualizacdo das
bandas de caseinas e/ou peptideos. Essa técnica pode ser utilizada como uma
ferramenta para monitorar o nivel de protedlise dos queijos ao longo da

maturacao.
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