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RESUMO

O queijo Minas Frescal € um dos produtos lacteos mais consumidos no
Brasil, contudo o Regulamento de Identidade e Qualidade desse produto
define parametros de qualidade somente quanto ao teor de umidade,
gordura e das suas propriedades sensoriais. Pesquisas evidenciam a falta
de padronizacdo na obtencdo do queijo Minas Frescal resultando em
grandes variagOes entre os produtos comercializados no Brasil. Neste
contexto, este trabalho visou inicialmente a avaliacdo das caracteristicas
fisico-quimicas (cor, umidade, proteina e gordura), das propriedades
reoldgicas (tensdo de ruptura, deformacéo de ruptura, grau de solidez e
taxa de decaimento da forca), bem como da autenticidade (através da
SDS-PAGE) de 21 amostras comerciais de queijo Minas Frescal
adquiridas na regiéo sul do Brasil. A partir dos resultados obtidos, pode-
se observar ampla variacdo nas amostras avaliadas neste trabalho, sendo
que as mesmas apresentaram tendéncia a coloracdo branca amarelada.
Os teores de umidade e proteina influenciaram as propriedades
reoldgicas e 0s queijos apresentaram-se mais viscosos e firmes. A SDS-
PAGE revelou ampla e inesperada variabilidade nos perfis proteicos e
na razdo das proteinas caseina / B-lactoglobulina, permitindo assim
distinguir queijos auténticos e adulterados. Os perfis proteicos sugerem
a presenca de soro de leite na composicdo desses produtos, contrariando
0 processo enzimatico legalmente requerido para a elaboracédo do queijo
Minas Frescal. A partir disso, um método qualitativo foi desenvolvido
para auxiliar na inspecdo da autenticidade da composi¢cdo do queijo
Minas Frescal quando ha suspeita de substituicdo irregular de leite por
soro de leite. O metodo que utilizou eletroforese em gel de
poliacrilamida na presenca do desnaturante dodecil sulfato de sddio
(SDS-PAGE), seguido pela densitometria da imagem do gel obtido, foi
validado. Os queijos foram liofilizados para serem submetidos a
eletroforese e a proteina B-lactoglobulina (B-LG) foi escolhida como o
marcador de adulteracdo. A confirmacéo da identificacdo do marcador
foi realizada através da digestdo da banda do gel em tripsina, seguido
pela analise dos peptideos obtidos em espectrometria de massa MALDI-
TOF (Matrix Assisted Laser Desorption lonization — Time of Flight). Os
queijos que apresentarem no minimo 14 mg.g® de B-LG foram
considerados adulterados. O método mostrou precisao satisfatdria, com
um limite de deteccdo de 7 mg.g™. Quarenta e duas amostras comerciais
de estabelecimentos inspecionados foram avaliadas e submetidas a
analise de Cluster. Grupos de amostras conformes e ndo conformes



foram obtidos com 24 (57%) amostras auténticas e 18 (43%) amostras
adulteradas, respectivamente. Por fim, este trabalho demonstra que o
monitoramento analitico adequado é necessario para inibir essa pratica
de adulteracdo e reforca a necessidade de controle mais efetivo,
principalmente na selecdo de matéria-prima, com o objetivo de oferecer
produtos auténticos aos consumidores.

Palavras chave: Queijo Minas Frescal, Reologia, Cor, Perfil
eletroforético, Autenticidade, SDS-PAGE, Adulteragdes, Inspecdo de
produtos lacteos, Soro de leite.



ABSTRACT

The Minas Frescal cheese is a dairy products most consumed in Brazil.
The Identity and Quality Regulation of this product defines quality
parameters as well as the moisture and fat content and the sensorial
properties. However, research has shown the lack of standardization in
getting the cheeses resulting in differences in the composition and
quality which would result in large variations between products sold in
Brazil. In this context, this work aimed initially to assess
physicochemical (color, moisture, protein and fat content) and
rheological properties (fracture stress, fracture strain, degree of
solidity and stress decay), as well as to assess the authenticity (using
SDS-PAGE) of Minas Frescal cheese in 21 commercial samples
acquired in Southern Brazil. From the results obtained, in general,
large difference among the samples and tendency to yellowish
white color were observed. Moisture and protein influenced on the
rheological properties and cheeses showed a tendency to being
viscous and firm. SDS-PAGE revealed a wide unexpected variability
in their proteins profiles and a densitometric casein/B-lactoglobulin
ratio allowed to distinguish authentic cheese from adulterated ones.
The profiles suggest the irregular presence of whey in the composition
of these products, contrary to the enzymatic process legally required.
From this, a qualitative method was developed to inspect the
compositional authenticity of white non-ripened cheeses like Minas
Frescal, a typical Brazilian cheese, especially when irregular
replacement of milk by whey is suspected. A sodium-dodecyl sulfate gel
electrophoresis (SDS-PAGE) method, followed by image densitometry,
was validated. Cheeses were freeze-dried to electrophoresis, and p-
lactoglobulin (B-LG) was chosen as the adulteration marker. In-gel
trypsin digestion followed by matrix assisted laser desorption
ionization-time-of-flight (MALDI-TOF) mass spectrometry provided its
identification. Cheeses with a minimum of 14 mg.g™” of A-LG are
considered to be adulterated. The method shows satisfactory precision
with a detection limit of 7 mg.g™*. Forty-two commercial samples from
inspected establishments were then assessed and subjected to cluster
analysis. Compliant and non-compliant groups were settled with 24
(57%) authentic samples and 18 (43%) adulterated samples,
respectively. Finally, this work demonstrates that the appropriate
analytical monitoring is required to inhibit the practice of adulteration
and emphasize the need for a more effective control, mainly in the



selection of raw materials, aiming to offer consumers authentic
products.

Keywords: Minas Frescal cheese, Rheology, Color, Electrophoretic
profile, Authenticity, SDS-PAGE; Adulterations; Dairy inspection;
Whey.
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INTRODUCAO

O queijo Minas Frescal € um dos produtos lacteos mais
consumidos no Brasil (PLANZER JUNIOR et al, 2009). O
processamento deste queijo ocorre através da coagulacdo do leite com
enzimas apropriadas, complementada ou ndo com a acdo de bactérias
lacticas especificas (BRASIL, 1997), resultando na desestabilizacdo das
micelas de caseina. Dessa forma, as caseinas sdo retidas no coagulo e as
proteinas do soro sdo drenadas para a fase aquosa, denominada de soro
de leite (CHROMIK et al., 2010). A Ricota, queijo proveniente do soro
de leite e associacdo do calor com acido, pode ser adicionada de leite, e
no Brasil a adicdo de até 20% de leite sob o volume inicial de soro €
permitida na sua formulacdo (BRASIL, 1952). De acordo com Pizzilo et
al. (2005) a adicdo de leite & recomendada por proporcionar
caracteristicas de maciez e cremosidade ao produto, resultando na
melhoria de suas propriedades sensoriais.

Quanto as propriedades sensoriais, 0 queijo Minas Frescal e a
Ricota podem gerar certa confusdo ao consumidor, pois sdo semelhantes
qguanto a consisténcia macia, a coloracdo branca e as poucas olhaduras
mecanicas existentes na massa. Contudo, 0s consumidores esperam que
0S queijos sejam reprodutiveis e consistentes, ndo sO0 quanto as
propriedades sensoriais, mas também quanto a sua composicdo e
qualidade. A avaliacdo das propriedades fisico-quimicas e de textura dos
queijos é importante para a protecdo da diversidade, contribuindo para
dados de referéncia do controle de qualidade e padronizacdo destes
produtos pelas industrias.

Alguns autores evidenciam que a falta de padronizacdo na
obtencdo do queijo Minas Frescal € responsavel pela diferenca na sua
composicdo e qualidade (CRUZ, GOMES, 2001; ROCHA, BURITI,
SAAD, 2006; CARVALHO, VIOTTO, KUAYE, 2007; RIBEIRO,
SIMOES, JURKIEWICZ, 2009), o que resulta nas grandes variagdes
entre os produtos comercializados no Brasil. Entretanto, vale ressaltar
que o Regulamento de Identidade e Qualidade do queijo Minas Frescal
define parametros de qualidade tanto quanto ao teor de umidade e
gordura quanto as propriedades sensoriais (BRASIL, 1997; BRASIL,
2004; BRASIL, 2006).

O aumento da consciéncia dos consumidores acerca da
composicdo dos alimentos tem resultado na necessidade de reavaliar as
informagdes contidas nas embalagens a fim de orientd-los na escolha
dos alimentos (MAFRA; FERREIRA; OLIVEIRA, 2008). Rodriguez et
al. (2010) afirmam que os queijos devem ser corretamente rotulados e
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segundo De La Fuente e Juarez (2005) uma matéria-prima ou produto
final devem fornecer informagbes na rotulagem, principalmente em
termos de ingredientes e tecnologia de producao.

Rodriguez et al. (2010) e Santos, Pereira-Filho e Rodriguez-
Saona (2013) relatam a necessidade da realizacdo de estudos que
identifiguem a autenticidade de produtos a fim de prevenir adulteracdes,
protegendo tanto as industrias produtoras como o0s consumidores.
Moore, Spink e Lipp (2012) também ressaltam que esta é uma
preocupacdo das autoridades de fiscalizacdo, tendo em vista que 0s
produtos lacteos estdo entre os produtos alimenticios passiveis de serem
adulterados. Estes autores também afirmam que o leite esta entre os sete
alimentos que mais sofrem adulteracdes e nesse contexto, os produtos
lacteos sdo de particular interesse, pois sdo um grupo de alimentos que
desempenham um papel importante na alimentacdo da populacéo e séo
essenciais para certos grupos de consumidores (DE LA FUENTE;
JUAREZ, 2005; AQUINO et al., 2014). Na induastria lactea, as
adulteracOes comerciais geralmente envolvem a substituicdo de leites de
alto valor agregado por matérias-primas de menor custo (OANCEA,
2009). Comumente, as principais investigacbes envolvendo a
autenticidade de queijos dizem respeito a espécie de origem do leite
utilizado na elaboracdo desses produtos (CARTONI et al., 1999;
MOATSOU et al., 2004; COLAK et al., 2006; HURLEY et al., 2006;
CZERWENKA; MULLER; LINDNER, 2010; RODRIGUEZ et al.,
2010; PESIC et al., 2011; GANOPQULOS et al., 2013; GUERREIRO
et al., 2013). Varios estudos tem contribuido para a avaliacdo da
qualidade de queijo Minas Frescal (BURITI; ROCHA; SAAD, 2005;
FRITZEN-FREIRE et al., 2010a; FRITZEN-FREIRE et al., 2010b;
PIAZZON-GOMES; PRUDENCIO; SILVA, 2010), no entanto,
pesquisa envolvendo a avaliacdo da autenticidade do queijo Minas
Frescal é inexistente. Desta forma, este trabalho esta dividido nos
seguintes capitulos:

a) Capitulo 1: Revisdo Bibliografica, que aborda os
principais temas envolvidos no trabalho, como queijo,
propriedades fisicas dos queijos, eletroforese em gel de
poliacrilamida, autenticidade de produtos lacteos e
validacao de metodologias e métodos qualitativos.

b) Capitulo 2: Avaliacdo reoldgica, fisico-quimica e da
autenticidade de queijos Minas Frescal, cujo objetivo
foi avaliar as caracteristicas de identidade e qualidade de
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qgueijos Minas Frescal através da avaliacdo das
propriedades fisico-quimicas e reologicas, bem como da
autenticidade de queijos Minas Frescal comerciais
produzidos por diferentes industrias.

c) Capitulos 3: Método de controle para inspecionar a
autenticidade da composicdo de queijo Minas Frescal
por eletroforese em gel, cujo objetivo foi validar uma
metodologia de andlise qualitativa utilizando a eletroforese
em gel de poliacrilamida para a deteccdo de adulteracdes do
queijo Minas Frescal.

Os artigos publicados em revistas indexadas (Anexos A e B) e
0s comprovantes dos trabalhos parciais publicados em eventos
cientificos da éarea de Ciéncia dos Alimentos (Anexo C) estdo
apresentados em anexo.
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CAPITULO 1

Reviséo bibliografica
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1 Revisdo Bibliografica
1.1 Queijo

Queijo é um produto lacteo que tem desempenhado um
importante papel na alimentagdo humana ha seéculos (HINRICHS,
2001). E um alimento nutritivo e versatil, e uma grande variedade de
tipos esta disponivel para satisfazer os requisitos especificos dos
consumidores e permitir a conveniéncia na utilizagdo (FOX;
McSWEENEY, 2004). Essa grande variedade de queijos baseia-se
principalmente nas diferentes condicOes regionais e na tecnologia de
producdo, as quais tém sido constantemente adaptados e otimizados
(HINRICHS, 2001).

O consumo de queijos no Brasil apresenta-se pouco
significativo frente ao consumo mundial, porém, este mercado vem
crescendo rapidamente nos ultimos anos (LAW; TAMIME, 2010) e na
ultima década esse consumo aumentou de 2,5 para 3,6 kg/ per capita/
ano (FAGUNDES, 2013).

No processo tradicional de fabricacdo de queijo entre 6 a 30 kg
de leite é recuperado na forma de coagulo a partir de 100 kg de leite,
dependendo do tipo de queijo, enquanto o restante é representado por
soro de leite (HINRICHS, 2001). A hidrélise enzimatica que ocorre na
producdo de um queijo resulta no rompimento da ligacdo entre os
aminoacidos 105 (Fenilalanina) e 106 (Metionina) da k-caseina na
superficie das micelas, liberando um peptideo hidrofilico C-terminal
(glico- ou caseino-macropeptideo) para a fase liquida (soro) e outro
peptideo hidrofobico formado pela parte restante da caseina (para-x-
caseina). O rompimento da k-caseina promove a desestabilizacdo das
demais caseinas que se agregam e formam o coagulo (FOX; COOGAN,
2004; ST-GELAIS, HACHE, 2005). As caseinas representam cerca de
80% das proteinas do leite, apresentam-se na forma de micelas e séo
classificadas em quatro subgrupos (a, B, k¥ € y) com massa molecular na
faixa de 19 a 25 kDa (FARRELL JUNIOR et al., 2004). Esse grupo de
proteinas é mais suscetivel a hidrdlise, sendo a k-caseina, localizada na
superficie da micela, a mais hidrofilica, atua como estabilizadora em
virtude de sua estrutura e localizacdo, e dessa forma, ndo permite a
precipitacdo das demais caseinas sensiveis ao célcio localizadas no
interior da micela (FOX et al., 2000; SGARBIERI, 2005).

As proteinas do soro representam aproximadamente 20 % do
total das proteinas do leite e incluem a B-lactoglobulina (B-LG), a-
lactoalbumina (a-LA), imunoglobulinas (IG), albumina sérica bovina
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(BSA) e lactoferrina (LF), principalmente. A concentracdo das proteinas
do soro depende do tipo de soro (acido ou doce, obtido pela coagulacdo
enzimatica) entre outros fatores (PINTADO; MACEDO; MALCATA,
2001), mas em geral, a concentracdo média das principais proteinas é de
32gL%12gLY08gL" 04gL"e0,2gL™ respectivamente (DE
WIT, 1998) e apresentam massas moleculares em torno de 18 kDa, 14
kDa, maior que 146 kDa, 66 kDa e 86 kDa, respectivamente (MORR;
HA, 1993).

A estrutura essencial da matriz de queijo é formada pelos
nutrientes insollveis, representados pelas caseinas coaguladas, pelos
minerais coloidais, pela gordura e pelas vitaminas lipossoluveis. Os
demais constituintes do leite, sollveis em agua, sdo drenados para 0 Soro
e sdo representados pelas proteinas do soro, pela lactose, vitaminas
solGveis em agua e alguns minerais (FOX; McSWEENEY, 2004). No
entanto, o teor de nutrientes presentes no queijo é influenciado pelo tipo
de leite utilizado, pelo processo de fabricacdo e pelo grau de maturagéo
(EI-NIMR et al., 2010).

A qualidade do queijo é determinada pelos consumidores, entre
outros fatores, pelo seu sabor, pelas suas propriedades de textura, pelo
aspecto visual e caracteristicas nutricionais (FOX; COGAN, 2004,
PIZZILLO et al., 2005), que por sua vez sdo originadas a partir da
combinacdo de caracteristicas microbiologicas, bioquimicas e
tecnoldgicas (PEREIRA; GOMES; MALCATA, 2009). Os
consumidores esperam que 0S (ueijos apresentem  certa
reprodutibilidade entre os produtos do mesmo lote e entre lotes de
diferentes épocas de producdo, principalmente para 0S queijos
produzidos em larga escala (FOX; COGAN, 2004). Dentre os queijos
produzidos e comercializados em larga escala no Brasil tem-se o Minas
Frescal e a Ricota.

O queijo Minas Frescal é considerado um queijo genuinamente
brasileiro e um dos mais populares do pais, consumido em todo o
territério nacional e por todas as camadas da populacdo (NALDINI;
VIOTTO; KUAYE, 2009; PLANZER JUNIOR et al., 2009). Entre os
queijos mais consumidos no Brasil no periodo de 1991 e 2009, o queijo
Minas Frescal foi precedido somente pelos queijos mucarela, prato,
requeijdo culinario e cremoso (BRASIL, 2012). Este queijo tem
importancia econdmica significativa para a induastria, principalmente
pelo processo de elaboragdo ser considerado relativamente simples,
aliado ao uso de equipamentos tradicionais, apresentar elevado
rendimento, possibilitando um retorno répido do investimento aos
produtores e, consequentemente, custos menores para 0s consumidores
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(ROSSI et al., 1998; FURTADO, 1999). A producédo deste queijo esta
localizada principalmente no sul e sudeste do Brasil (SOUZA et al.,
2008).

De coloragdo branca, consisténcia branda e macia, textura
fechada com olhaduras mecéanicas irregulares e de sabor levemente
suave a acido, o queijo Minas Frescal é apresentado ao consumidor em
formato cilindrico, entre 0,3 a 5,0 kg (BRASIL, 1997; BRASIL, 2004).
E caracterizado como fresco, ndo maturado, para consumo imediato,
pois apresenta alta atividade de agua, pH préximo de 5,0, baixo teor de
sal e ndo € utilizado conservante na sua fabricacdo, resultando em um
produto de vida de prateleira reduzida (SOUZA; SAAD, 2009). O
processo de obtencdo do queijo Minas Frescal ocorre através da
coagulacdo enzimatica do leite com coalho e/ou outras enzimas
coagulantes apropriadas, complementada ou ndo com a acdo de bactérias
lacticas especificas (BRASIL, 1997). Nesse tipo de elaboracdo de
queijo, a acdo das enzimas no leite resulta na desestabilizacdo das
micelas de caseina, dessa forma, as caseinas sao retidas no codgulo e as
proteinas do soro séo drenadas para a fase aquosa, 0 soro (CHROMIK et
al., 2010).

Ribeiro, Simdes e Jurkiewicz (2009) explicam que a producao
do queijo Minas Frescal é disseminada por todo o pais e, portanto, tem
consideravel variacdo no padrdo. Ja Carvalho, Viotto e Kuaye (2007)
constataram que a composic¢do e a qualidade do queijo Minas Frescal
estdo associadas diretamente ao processo de elaboracdo. Sabe-se que a
fabricacdo dos queijos esta relacionada as tradigcdes locais, regionais e
nacionais levando a diferencas entre queijos de uma mesma variedade e
de diferentes origens (KAROUI; DE BAERDEMAEKER, 2007). No
entanto, varios autores (CRUZ; GOMES; 2001; ROCHA; BURITI;
SAAD, 2006; SANGALETTI et al., 2009; VISOTTO et al., 2011;
FERREIRA et al., 2011) evidenciaram a falta de padronizacao do queijo
de Minas Frescal, no que se refere aos parametros microbiologicos e
fisico-quimicos e Visotto et al. (2011) sugerem que a qualidade do
queijo Minas Frescal comercializada seja melhorada por meio de
fiscalizacdo e a conscientizacdo dos fabricantes, quanto a selecdo
rigorosa do leite, bem como atraves da reavaliacdo das condi¢Ges de
fabricacdo, distribuicdo, comercializacéo e de prazo de validade.

Apesar da falta de padronizagéo evidenciada por alguns autores,
0 Regulamento de Identidade e Qualidade deste produto define alguns
parametros de qualidade e classifica o queijo Minas Frescal quanto ao
teor de gordura como um ‘queijo semigordo’ e, portanto, deve
apresentar teor de gordura no extrato seco entre 25 a 44,9% (BRASIL,
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1997) e quanto a umidade, como um ‘queijo de muito alta umidade’,
devendo apresentar umidade néo inferior a 55% (BRASIL, 2004).

A elaboracdo da Ricota € uma opcéo para o aproveitamento do
soro de leite resultante da fabricacdo do queijo Minas Frescal (ESPER;
BONETS; KUAYE, 2007; EL-SHEIKH; FARRAG; ZAGHLOUL,
2010; PRUDENCIO et al., 2014). Entretanto, apesar do soro de leite ser
considerado o produto secundario da producdo de queijos, apresenta
importantes constituintes como proteinas e peptideos (a-lactoalbumina,
B-lactoglobulina, albumina sérica bovina, lactoferrina, entre outros),
lactose, vitaminas e minerais, sendo que a sua composi¢ao é dependente
do processo de elaboracdo do queijo (OUTINEN; HEINO; UUSI-
RAUVA, 2010). A utilizacdo de soro de leite atualmente € bastante
diversificada como suplementos alimentares e bebidas principalmente
pelas excelentes propriedades funcionais e nutricionais de suas proteinas
(ALMEIDA; BONASSI; ROCA, 2001; CATTANEO et al., 2013).

A Ricota, ou *“queijo recozido”, € um queijo originalmente
produzido no sul da Italia e posteriormente difundido pelo proprio
territério italiano e para outros paises (KOSIKOWSKI, 1982).
Apresenta alta umidade e vida de prateleira limitada sob-refrigeracéo
(HOUGH et al., 1999; MODLER; EMMONS, 2001; DI PIERRO et al.,
2011), aléem de apresentar baixo rendimento na producdo, em media
cerca de 6 % (KOSIKOWSKI, 1982). Este produto também ¢é conhecido
por queijo de albumina, por se constituir basicamente desta proteina e de
lactoglobulina, que sdo os principais componentes proteicos do soro e
que ndo sdo coaguladveis pelo coalho, além de serem facilmente
desnaturadas e precipitadas pelo calor e pela acidificacdo, o que
constitui o principio basico da fabricacdo da ricota (MODLER, 1988;
FURTADO; LOURENCO NETO, 1994). No entanto, Pizzillo et al.
(2005) afirmam que tradicionalmente, este produto tem sido preparado
pelo aquecimento de soro ou misturas de soro e leite, pois a adigédo de
leite integral torna a Ricota macia e cremosa com textura adequada. No
Brasil, de acordo com o Regulamento da Inspecdo Industrial e Sanitaria
de Produtos de Origem Animal, a adicdo de até 20 % de leite sob o
volume inicial de soro é permitida para a elaboracdo da Ricota
(BRASIL, 1952).

O consumo de Ricota no Brasil tem crescido na Gltima década
principalmente pela tendéncia dos consumidores em incorporar
alimentos saudaveis na sua dieta, ja que este produto apresenta baixo
teor de gordura e proteinas de alta digestibilidade (RIBEIRO et al.,
2005; ESPER; BONETS; KUAYE, 2007; CHR. HANSEN, 2008).
Além disso, para as empresas que produzem queijos, a producdo de
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Ricota € uma alternativa econdmica para a utilizacdo de soro de leite, ja
que a eliminacdo do soro estd relacionada a importante perda de
nutrientes e problemas ambientais, tendo em vista suas altas demandas
bioldgica e quimica de oxigénio (MADUREIRA et al., 2005; EI-
SHEIKH; FARRAG; ZAGHLOUL, 2010).

A Ricota possui algumas caracteristicas sensoriais semelhantes
as do Queijo Minas, pois € um produto de cor branca ou branco-creme;
crosta rugosa, ndo formada ou pouco nitida; textura fechada ou com
algumas olhaduras mecanicas e é apresentada comercialmente em
formato cilindrico, em unidades entre 0,3 kg a 1,0 kg (BRASIL, 2006).
No entanto, o queijo Minas Frescal e a Ricota apresentam, além das
diferencas de matéria-prima e de processo de elaboracéo, diferencas na
composicdo centesimal, como pode ser observada na Tabela 1 (TACO,
2011).

Tabela 1. Composicao fisico-quimica do queijo Minas Frescal e Ricota.

Queijo Minas Frescal Ricota
Calorias (kcal/100 g) 264 140
Umidade (g/1009) 56,1 73,6
Proteina (g/100gq) 17,4 12,6
Carboidratos (g/100g) 3,2 3,8
Lipidios (g/1009) 20,2 8,1
Célcio (mg/100 g) 579 253

Fonte: TACO (2011).
1.2 Propriedades fisicas dos queijos

A aceitacdo pelos consumidores de um produto alimenticio
como o0 queijo depende diretamente da sua aparéncia, sabor e textura, e
que por sua vez sdo originadas de uma combinacdo de fatores
microbioldgicos, bioguimicos e tecnoldgicos (PEREIRA; GOMES;
MALCATA, 2009).

A textura do queijo € uma das mais importantes caracteristicas
para a definicdo da identidade e aceitabilidade do produto, pois é
principalmente através dessa propriedade que 0s consumidores
identificam e julgam cada variedade (LAWRENCE; CREAMER,;
GILLES, 1987; TUNICK, 2000, O'CALLAGHAN; GUINEE, 2004),
antes mesmo de o sabor ser avaliado (KANAWIIA et al., 1995). Além
disso, este € o critério mais comum para a classificacdo dos queijos
(FOX; MCSWEENEY, 2004).
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Meilgaard, Civille e Carr (2007) definem textura como a
manifestacdo sensorial da estrutura ou composic¢éo interna dos produtos
de acordo com sua reacdo a tensdo, que resultam nas propriedades
mecanicas. Foegeding e Drake (2007) citam que a textura do queijo é
geralmente limitada as sensacOes experimentadas durante o processo de
mastigacdo, sugerindo o papel preponderante das propriedades
mecanicas. No entanto, alem da forca e deformacdo, que ocorrem na
mastigacdo, outros processos, tais como a manipulacdo da massa atraves
da mistura com a lingua e também, com a saliva ocorre e resulta em
percepcdes Unicas de textura, que ndo podem ser avaliadas através de
medidas instrumentais (FOEGEDING; DRAKE, 2007).

Segundo Hort e Le Grys (2001), os atributos de textura séo a
manifestacdo das propriedades reoldgicas da estrutura fisica de um
alimento e o estudo dessas propriedades tem-se mostrado Util em
diferentes tipos de queijo (MADSEN; ARDO, 2001; SAN MARTIN-
GONZALEZ et al., 2007; EVERETT; AUTY, 2008; LU; SCHMITT;
CHEN, 2010; TUNICK; VAN HEKKEN, 2010). Konstance e Holsinger
(1992) citam que a caracterizagdo reoldgica € uma importante
ferramenta na determinacdo de textura dos queijos e no estudo das
variagfes desta em decorréncia de modificacbes na composicdo, nas
técnicas de processamento e nas condicdes de armazenagem. Além
disso, Kulmyrzaev et al. (2005) cita que a caracterizacdo dos queijos
pode ainda fornecer informacdes Uteis para determinacédo de parametros
de qualidade desse produto. Everett e Auty (2008) ainda citam que as
propriedades reoldgicas, como um método para quantificar a textura,
depende das quantidades relativas e as extensdes de interacdo entre as
unidades estruturais de queijo.

De acordo com Shoemaker et al. (1992), a avaliacdo das
propriedades reoldgicas dos queijos é tdo importante quanto a avaliacédo
do sabor e aroma. Além disso, as propriedades reoldgicas dos queijos
sdo funcédo de sua composicdo, microestrutura (arranjo estrutural de seus
componentes), do estado fisico-quimico e das interacOes de seus
componentes e de sua macroestrutura (presenca de olhaduras, fissuras,
entre outros). A variacdo nestes parametros pode promover alteracdes
significativas no comportamento reologico do queijo (FOX et al., 2000).

As caracteristicas reologicas dos queijos sdo avaliadas através
de testes que envolvem a aplicagdo de tensdo em condigOes
experimentais definidas, e na préatica, semelhantes tensdes sdo aplicadas
ao queijo durante o processamento e durante o consumo. Dessa forma, o
estudo das propriedades reoldgicas do queijo é de significativa
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importancia para o fabricante e para o consumidor (O'CALLAGHAN;
GUINEE, 2004).

A caracterizacdo reoldgica € essencialmente uma medida das
propriedades mecénicas do queijo quando submetido a diferentes
condi¢cbes de forca e tensdo pelo tempo e testes de compressdo séo
frequentemente utilizados para a avaliacdo desse produto (FOEGEDING
et al., 2003; KULMYRZAEV et al.,, 2005). O teste de compressao
uniaxial € um teste de deformacéo que consiste na submissdo da amostra
a compressao entre duas placas, sob velocidade constante, num
determinado tempo, até a total deformacdo (CHARALAMBIDES et al.,
2001), e este tipo de teste auxilia na determinacdo das propriedades de
fratura do material (MESSENS et al., 2000; FOEGEDING; DRAKE,
2007; PAPPA; KANDARAKIS; MALLATOU, 2007). A Figura 1
apresenta um exemplo de curva tipica do comportamento de queijo
submetido ao teste de compressao uniaxial e pode-se perceber a
ocorréncia do inicio da deformacéo da estrutura interna do produto até a
total ruptura. A partir dessa curva podem ser obtidas informacg6es sobre
a deformacéo de ruptura (¢) que descreve a deformabilidade do queijo
antes da ruptura do produto e altos valores indicam grande
deformabilidade, além de informacGes a respeito da tensdo de ruptura
(o), que retrata a forgca requerida para a ruptura da amostra, sendo que
altos valores numéricos indicam material mais resistente a fratura, ou
seja, queijos mais duros (TUNICK, 2000). De acordo com Fox et al.
(2000), estas propriedades estdo correlacionadas com 0s parametros
sensoriais elasticidade e firmeza dos queijos, respectivamente.
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Figura 1. Exemplo de curva de forca x deformac&o obtida na analise de
compressdo uniaxial de queijo.
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Fonte: Tunick (2000).

Outro teste reologico utilizado para avaliar 0 comportamento
viscoelastico dos alimentos, incluindo queijos, € 0 ensaio de relaxacéo
(DIMITRELI; THOMAREIS, 2007), que fornece informacdes
relacionadas a estrutura molecular desses produtos (SHOEMAKER et
al.,, 1992; FOEGEDING; DRAKE, 2007). Esse teste ¢ baseado na
submissdo do queijo a deformacédo constante por um determinado tempo
dentro da faixa viscoelastica do produto, sem a ocorréncia de ruptura
(KONSTANCE; HOLSINGER, 1992; BERTOLA et al., 2000) e um
exemplo de curva obtida nesse teste pode ser observada na Figura 2.
ApoOs a normalizacdo e andlise dos resultados utilizando modelos
matematicos, informacdes do grau de solidez e da taxa inicial de
decaimento da forca dos queijos podem ser obtidas (PELEG,;
NORMAND, 1983). Alguns modelos tém sido propostos para a
predicdo dos pardmetros de viscoelasticidade a partir das curvas de
relaxacdo experimentais. Tradicionalmente, sdo utilizados modelos
matematicos como de Maxwell e de Peleg (RODRIGUEZ-
SANDOVAL; FERNANDEZ-QUINTERO; CUVELIER, 2009).
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Figura 2. Exemplo de curva de forca x tempo obtida em teste de relaxacédo de
queijo.
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Fonte: Bertola et al. (2000).

Os queijos sdo considerados materiais viscoelasticos, pois
durante (e apods) a etapa de deformacdo, parte da energia mecanica
fornecida é armazenada no material (parte elastica) e parte é dissipada
(parte viscosa) (KONSTANCE; HOLSINGER, 1992; LUCEY;
JOHNSON; HORNE, 2003), contudo, devido as variacdes nas
condi¢Oes de fabricacdo e composicéo, diferentes variedades de queijos
apresentam diferentes comportamentos reoldgicos, que vao desde o
comportamento viscoso para 0 gqueijo macio e comportamento elastico
para queijos duros (O'CALLAGHAN; GUINEE, 2004). A
viscoelasticidade dos queijos resulta da contribuicdo individual e da
interacdo entre seus constituintes, como a proteina, gordura, minerais e a
agua (FOX et al., 2000).

Outro importante atributo usado para a avaliacdo da qualidade
dos alimentos e considerado pelos consumidores na escolha e
identificacdo dos produtos é a cor (ROHM; JAROS, 1996; RUDAN et
al., 1998; DELWICHE, 2004; PINHO et al., 2004). Esse atributo esta
relacionado com a estrutura fisica e natureza quimica do alimento, e
para 0s queijos, € especifica para cada variedade (KAYA, 2002).

A percepcéo de cor difere entre os individuos e depende, entre
outros fatores, de mudancas na iluminacdo, tornando assim uma
determinacédo subjetiva e bastante variavel. Por essa razdo, o uso de
sistemas instrumentais de medidas da cor é recomendado (LEON et al.,
2006). Para a avaliagdo instrumental da cor de queijos normalmente
utiliza-se colorimetro triestimulo (X, Y e Z) que localiza a cor como um
ponto no espaco tridimensional e dessa forma fornece informacdes
objetivas e bem definidas (EI-NIMR et al., 2010). Esta técnica ndo so6
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fornece informacdes basicas sobre a coloragdo, mas também permite um
controle preciso da qualidade dos alimentos (KNEIFEL; ULBERTH,;
SCHAFFER, 1992).

Em 1976, a Commission Internationale d’Eclairage (CIE)
recomendou o uso da escala de cor CIE L*a*b*, ou CIELAB para a
medida de cor de diferentes produtos (Figura 3). Nesta escala, o eixo L*
varia do minimo, representado pelo preto (0) ao maximo, representado
pelo branco (100). Os eixos a* e b* ndo apresentam limites numericos
especificos, porém o eixo a* indica coloracdo do vermelho (+a*) ao
verde (-a*), enquanto o eixo b* indica coloracdo do amarelo (+b*) ao
azul (-b*) (HUNTERLAB, 2012).

Atualmente, a avaliacdo instrumental de cor de queijos tem sido
escolhida por varios autores (BUFFA et al. 2001; PINHO et al., 2004;
CUNHA; DIAS; VIOTTO, 2010; EI-NIMR et al. 2010; FRITZE-
FREIRE et al., 2010; DELGADO et al., 2011; VOIGT et al., 2012)
principalmente para a avaliacdo de produtos elaborados em laboratério a
fim de investigar as variacdes durante o periodo de maturacdo ou pelos
tratamentos tecnologicos aplicados. No entanto, Wadhwani e Mcmahon
(2012) afirmam que a analise da cor dos queijos pode tambeém ser usada
para amostras comerciais a fim de monitorar a uniformidade dos
produtos, pois os consumidores geralmente associam a coloracdo a
outras caracteristicas do queijo, como o sabor e assim, influenciando na
decisdo de compra.
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Figura 3. Coordenadas para medida instrumental da cor pelo sistema CIELAB.

Fonte: Hunterlab (2012).
1.3 Eletroforese em gel de poliacrilamida

A eletroforese ¢ um método relacionado a migracdo de
particulas carregadas em um determinado meio, sob a influéncia de uma
diferenca de potencial, sendo a mobilidade eletroforética da molécula ou
particula carregada influenciada, entre outros fatores, pela carga, pela
massa molecular e pela concentracdo da mesma (WESTERMEIER,
2005).

A eletroforese em gel de poliacrilamida (PAGE) é um método
de separacdo classico, que com a ajuda de técnicas de digitalizacdo e
analise de imagens, permite a quantificacdo das bandas dos géis, e
assim, fornece boa separacédo, alta resolucdo e precisa quantificacao,
levando a resultados precisos e reprodutiveis (LIN et al., 2010). Além
disso, apresenta vantagens de ser uma técnica de separacdo de féacil
execucao, rapida e de baixo custo (AMIGO et al., 1990).

A PAGE na presenca do desnaturante dodecil sulfato de sodio
(SDS) é uma técnica bastante utilizada no estudo de proteinas para a
determinacédo da massa molecular ou tamanho das proteinas e € capaz de
separar essas moléculas de tamanhos moleculares entre 5-150 kDa em
um unico gel (CONSIDINE et al., 2007). A incubacdo das amostras
proteicas com SDS e um agente redutor, como o B-mercaptoetanol, que
promove o rompimento das ligacbes dissulfeto das proteinas facilitando
0 acesso do SDS, conduz a uma normalizacdo da carga e da forma das
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proteinas, de modo que o elemento de distincdo entre essas moléculas
passa a ser a massa molecular (SILVA JUNIOR, 2001). A maioria das
proteinas apresenta mobilidade em tampao contendo SDS e 0 uso desta
técnica permite a determinacdo das massas moleculares de proteinas
através da relacdo linear existente entre o logaritmo de massas
moleculares conhecidas (padrdo) e a mobilidade eletroforética das
mesmas (WESTERMEIER, 2005).

A SDS-PAGE é ainda uma importante técnica utilizada para a
separacdo, identificacdo e quantificacdo de proteinas do leite
(GALINDO-AMAYA;  VALBUENA-COLMENARES; ROJAS-
VILLARROEL, 2006; JOVANOVIC et al., 2007; HOLLAND et al.,
2010). Meisel e Carstens (1989) afirmam que SDS-PAGE é um método
apropriado para a determinacdo dos teores de caseinas e proteinas do
soro em produtos lacteos e de acordo com Strange et al. (1992), essa
técnica, associada a padrdes de massa molecular e analise de
densitometria, pode ser um método de escolha para atividades de
monitoramento, especialmente quando ha suspeita de adulteragdes.

A identificacdo das proteinas separadas por SDS-PAGE pode
ser realizada pela comparagao da sua mobilidade no gel e da massa
molar de proteinas padrdo, como pode ser observado na Figura 4, assim
como pela comparacdo de -eletroferogramas de estudos prévios
(JOVANOVIC et al., 2007; HERNANDEZ; HARTE 2009;
HOLLAND et al., 2010). As proteinas tém sido amplamente utilizadas
como espécies marcadoras de autenticidade em produtos lacteos através
de diferentes técnicas de andlise como a eletroforese (MAFRA,
FERREIRA; OLIVEIRA, 2008).
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Figura 4. Perfil eletroforético de leite e soro de leite e a identificacdo das
principais proteinas constituintes desses produtos.
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1.4 Autenticidade de produtos lacteos

A autenticidade dos alimentos atualmente estd sendo um
assunto de interesse para pesquisadores, consumidores, legisladores e
em todos os niveis do processo de producdo (DE LA FUENTE;
JUAREZ, 2005; AQUINO et al., 2014), seja por razbes econdmicas,
legais, praticas religiosas ou de saude publica (VELOSO et al., 2002;
PRIMROSE; WOOLFE; ROLLINSON, 2010).

O leite estd entre os sete alimentos que mais sofrem
adulteracbes (MOORE; SPINK; LIPP, 2012) e nesse contexto, 0S
produtos lacteos sdo de particular interesse, pois sao um grupo de
alimentos que desempenham um papel importante na alimentagédo da
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populacdo e sdo essenciais para certos grupos de consumidores
(mulheres, criancas e idosos) (DE LA FUENTE; JUAREZ, 2005). Na
industria lactea, as adulteracbes comerciais geralmente envolvem a
substituicdo de leites de alto valor agregado por matérias-primas de
custo menor e/ou de baixa qualidade (WOOLFE; PRIMROSE, 2004;
OANCEA, 2009).

O aumento da consciéncia dos consumidores acerca da
composicdo dos alimentos tem resultado na necessidade de reavaliar as
informacdes contidas nas embalagens de forma que oriente na escolha
dos alimentos (MAFRA; FERREIRA; OLIVEIRA, 2008) e segundo De
La Fuente e Juarez (2005) uma matéria-prima ou produto final
auténticos devem fornecer informagdes na rotulagem, principalmente
em termos de ingredientes, tecnologia de producdo e identidade
genética. Rodriguez et al. (2010) afirmam que os queijos devem ser
corretamente rotulados, e a substituicdo ou a omissdo de componentes
nos produtos lacteos por ingredientes de menor custo, a adicdo de
ingredientes com o intuito de fazer os produtos parecerem melhores, e
falsa ou auséncia de informacdes na rotulagem é considerada fraude.

As principais investigacbes envolvendo a autenticidade de
queijos dizem respeito a espécie de origem do leite utilizado na
elaboracdo desses produtos (CARTONI et al., 1999; MOATSOU et al.,
2004; COLAK et al., 2006; HURLEY et al., 2006; CZERWENKA,;
MULLER; LINDNER, 2010; RODRIGUEZ et al., 2010; PESIC et al.,
2011; GANOPOULOS et al., 2013; GUERREIRO et al., 2013).

Rodriguez et al. (2010) citam que para a prevencdo de
adulteracbes e a protecdo das industrias e consumidores torna-se
necessario controlar se os tipos de leite usados na elaboracdo dos
produtos correspondem com o que aparece na declaracéo da rotulagem e
a partir disso, em concordancia com Santos, Pereira-Filho e Rodriguez-
Saona (2013) torna-se indispensavel dispor de métodos adequados,
eficientes, rapidos e de baixo custo para analise e identificacdo dessas
adulteracoes.

O principal objetivo da investigagdo da autenticidade dos
alimentos é a identificacdo de marcadores ou grupos de marcadores para
a caracterizacdo da autenticidade ou de seus potenciais adulterantes/
contaminantes e utilizad-los para a identificacdo de problemas de
autenticidade (GUERREIRO et al.,, 2013). As proteinas tém sido
amplamente utilizadas como espécies marcadoras de autenticidade em
produtos lacteos através de diferentes técnicas de analise como a
eletroforese, cromatografia, espectrometria e ensaios imunoldgicos
(MAFRA; FERREIRA; OLIVEIRA, 2008).
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1.5 Validagdo de metodologias e métodos qualitativos

E internacionalmente reconhecido que a validagio dos métodos
é necessaria em laboratdrios analiticos. O uso de métodos validados é
importante para o laboratério analitico demonstrar sua qualificacéo e
competéncia (TAVEINIERS; DE LOOSE; BOCKSTAELE, 2004).

A validagdo é indispensavel para uma nova metodologia de
analise e esta relacionada a um sistema analitico particular, ou seja, 0
método deve ser habil na resolucdo de um problema analitico particular
(THOMPSON, ELLISON, WOOD, 2002). E uma ferramenta usada para
demonstrar que um método analitico especifico mede o que pretende
medir e responde adequadamente ao proposito pelo qual foi
desenvolvido (TAVEINIERS; DE LOOSE; BOCKSTAELE, 2004;
CHANDRAN; SINGH, 2007). Dessa forma, a revalidacdo é necessaria
quando qualquer componente do sistema analitico é modificado ou se
houver indicacbes de que o0 método ndo esta respondendo
adequadamente ao objetivo proposto (EURACHEM, 1998).

Varios guias e regulamentos acerca dos procedimentos de
validacdo de métodos sdo descritos por agéncias de regulacdo, comités e
grupos de trabalho (TAVEINIERS; DE LOOSE; BOCKSTAELE,
2004). No entanto, de acordo com Chandran e Singh (2007) ainda ha
discordancias entre esses documentos em diferentes pontos do processo
de validacéo.

Os parametros de desempenho dependem do tipo do método e
de suas caracteristicas. A classificacdo convencional diferencia entre
métodos qualitativos e quantitativos (TRULLOLS SOLER, 2006). A
validacdo de métodos qualitativos ainda ndo estd tdo bem desenvolvida
como a validacdo para métodos quantitativos, apesar da utilizacdo de
métodos qualitativos ndo ser atual (CARDENAS; VALCARCEL, 2005;
ELLISON; FEARN, 2005; TRULLOLS et al.,, 2005). A European
Community (2002) define os métodos qualitativos como “a avaliacdo da
presenca ou auséncia de um ou mais analitos em uma amostra pela
avaliacdo das suas propriedades fisicas e quimicas”, enquanto a
Association of Official Analitycal Chemists (AOAC International)
(FELDSINE; ABEYTA; ANDREWS, 2002) define os métodos
qualitativos como “um método de anélise cuja resposta esta relacionada
a presenca ou auséncia de um analito, detectado diretamente ou
indiretamente em certa quantidade de amostra”. Trullols, Ruisanchez e
Rius (2004) e Ellison e Fearn (2005) citam que a partir das definicdes
acerca dos meétodos analiticos qualitativos, estes sdo utilizados para
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investigar se uma amostra contém um ou mais analitos e o resultado
dessa analise pode ser binario: presenca/auséncia ou sim/nao.

Trullols, Ruisanchez e Rius (2004) reforcam que a presenca ou
auséncia de um analito ndo é considerada uma medida absoluta
relacionada a uma concentracdo no nivel zero, mas um nivel de
concentracdo especifico, pois abaixo desse nivel limitante a
concentracdo de um analito é considerada insignificante. Estes autores
ainda citam que a deteccdo do analito pode requerer uma resposta
instrumental, mas a partir da resposta obtida, o resultado é convertido
em sim/ndo ou presencga/auséncia.

Quando uma resposta instrumental é usada para decidir se um
analito estd acima ou abaixo de uma concentracdo analitica, a resposta
da amostra-teste € comparada com a resposta advinda de uma amostra-
referéncia, esta obtida de um material de referéncia, que é medida e sera
utilizada para comparar com a resposta da amostra-teste. Se a amostra-
teste apresentar resultado maior que a amostra-referéncia, pode-se
concluir que a amostra-teste contém o analito em concentra¢do maior do
que a amostra referéncia. No entanto, se a amostra-teste for menor que a
amostra-referéncia, conclui-se que a amostra-teste contém menos analito
que a amostra-referéncia. Dessa forma, a resposta instrumental é
convertida em uma resposta binaria do tipo sim/ndo (TRULLOLS;
RUISANCHEZ; RIUS, 2004).
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Avaliacao reoldgica, fisico-quimica e da autenticidade de queijo
Minas Frescal

Resumo

Este estudo foi realizado para avaliar as caracteristicas fisico-quimicas
(cor, umidade, proteina e gordura), as propriedades reoldgicas (tensédo de
ruptura, deformacéo de ruptura, grau de solidez e taxa de decaimento da
forca), bem como a autenticidade (através da SDS-PAGE) de 21
amostras comerciais de queijo Minas Frescal adquiridas da regido sul do
Brasil. Foi observada ampla varia¢ao entre as amostras, e uma tendéncia
a coloracdo branca amarelada. Os teores de umidade e proteina
influenciaram nas propriedades reoldgicas e 0s queijos mostraram uma
tendéncia a serem viscosos e firmes. A SDS-PAGE revelou ampla e
inesperada variabilidade nos perfis proteicos e na razdo das proteinas
caseina / B-lactoglobulina permitindo distinguir queijos auténticos dos
adulterados. Os perfis proteicos sugerem a presenca irregular de soro de
leite na composicdo desses produtos, contrariando 0 processo
enzimatico legalmente requerido para a elaboracdo do queijo Minas
Frescal. Esses resultados reforcam a necessidade de controle mais
efetivo, principalmente na selecdo de matéria-prima, com o objetivo de
oferecer produtos auténticos aos consumidores.

Palavras-chave: Queijo Minas Frescal, Reologia, Cor, Perfil
eletroforético, Autenticidade.
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Rheological, physicochemical and authenticity assessment of
Minas Frescal cheese

Abstract

This study was carried out to assess physicochemical (color, moisture,
protein and fat content) and rheological properties (fracture stress,
fracture strain, degree of solidity and stress decay), as well as to
assess the authenticity (using SDS-PAGE) of Minas Frescal cheese in
21 commercial samples acquired in Southern Brazil. Large
differences among the samples, which tended to present a yellowish
white color were observed. Moisture and protein influenced on the
rheological properties and cheeses showed a tendency to being
viscous and firm. SDS-PAGE revealed a wide unexpected variability
in their proteins profiles and a densitometric casein/p-lactoglobulin
ratio allowed to distinguish authentic cheese from adulterated ones.
The profiles suggest the irregular presence of whey in the composition
of these products, contrary to the enzymatic process legally required.
These results emphasize the need for a more effective control, mainly
in the selection of raw material, aiming to offer consumers authentic
products.

Keywords: Minas Frescal cheese, Rheology, Color, Electrophoretic
profile, Authenticity.
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1 Introduction

The Minas Frescal is a genuine Brazilian cheese and it is
the country’s most widely consumed cheese type (PLANZER
JUNIOR et al., 2009). It is produced mainly by small and medium-
sized factories in the South and Southeast regions of Brazil. It is a
fresh white cheese that has high moisture content, does not undergo
maturation, is of short durability and has no preservatives (SOUZA et
al, 2008). This cheese is produced with pasteurized milk through
enzymatic coagulation by addition of rennet and/or other appropriate
clotting enzymes, whether they are complemented or not by the action
of a lactic acid starter culture (BRASIL, 1997). According to Brazilian
regulation, Minas Frescal cheese can be presented in a cylindrical
shape, weighing from 0.3 kg to 5.0 kg (BRASIL, 2006). It is officially
classified a semi-fat and very high moisture cheese (BRASIL, 1997,
BRASIL, 2004). In this conventional cheese-making process, the
action of the clotting enzymes in milk results in the destabilization of
the casein micelles. Therefore, the caseins are retained in the curd
and whey proteins are expelled to the aqueous phase (whey)
(CHROMIK et al., 2010).

The production process of Minas Frescal cheese is
considered relatively simple and the use of traditional equipment
and no need for maturation allow producers to have a quick
investment return (FURTADO, 1999). However, consumers expect
cheeses to be reproducible and consistent, with appropriate
composition and quality, especially among those belonging to the
same category (FOX; COGAN, 2004). Characterization of cheeses is
also important for the protection of traditional diversity and for
contributing to baseline data for quality control. Physicochemical
and rheological methods, as well as the electrophoretic profile,
are used to evaluate the quality of cheese (BRIGHENTI et al., 2008;
FOEGEDING; DRAKE 2007; HOLLAND et al., 2010; PINHO et al.,
2004).

Consumers and inspection authorities have been increasingly
concerned about the authenticity of milk and dairy products. Brazilian
regulation establishes a standard of identity and quality for Minas
Frescal cheese; however, that regulation is limited to determine
physicochemical characteristics, providing only regulatory limits for
moisture (> 55¢/100g) and fat in dry matter (between 25.0 and
44.99/100g) (BRASIL, 1997). Several studies have contributed to
assess the identity profile of the Minas Frescal cheese; however, they
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were performed on cheeses made at pilot plants (BURITI; ROCHA;
SAAD, 2005; FRITZEN-FREIRE et al., 2010a; FRITZEN-FREIRE et
al., 2010b; PIAZZON-GOMES; PRUDENCIO; SILVA, 2010),
having insufficient or no studies whatsoever on different brands of
commercial Minas Frescal cheese. Therefore, the aim of this study
was to investigate the physicochemical and rheological properties, as
well as the authenticity of commercial Minas Frescal cheese
produced by different factories, aiming to assess the identity and
quality parameters of this product.

2 Material and methods
2.1 Minas Frescal cheese samples

A total of 21 samples of commercial Minas Frescal cheese
were purchased from different producers of Southern Brazil.
According to the label, all samples were made with pasteurized
milk, were properly packaged, identified and inspected by sanitary
authority and kept under refrigeration in the display cases at
supermarkets. The collected samples were transported to the
laboratory in an isothermal container and kept under refrigeration until
analysis.

2.2 Physicochemical analysis

Samples were analyzed for moisture (g/100g) by drying to
constant weight at 105°C (AOAC, 2005), fat (g/100g) by Soxhlet
extraction (IAL, 2005) and protein content (g/100g) by the Kjeldahl
method (N x 6.38) (AOAC, 2005). Fat in dry matter (g/100g) was
calculated by Eq. (1) as following:

Fat in dry matter (g/100g) = Fat x 100 / (100 - Moisture) Equation 1

All analyses were carried out in triplicate and the chemicals
used were of analytical grade.

2.3 Color analysis
The colorimeter Minolta Chroma Meter CR-400 (Konica

Minolta, Osaka, Japan) adjusted to operate with D65 illuminant and
observation angle of 10° was used to evaluate the color of samples of
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Minas Frescal cheeses. The parameters L* (lightness, ranges O to
100), a* (from green (-a*) to red (+a*)), and b* (from blue (-b*) to
yellow (+b*)) were measured using he CIElab color scale. The
colorimeter was calibrated with a white standard plate and the
measurements were performed in triplicate using the inner section of
the cheeses immediately after unpacking.

2.4 Rheological properties

The rheological analyses (uniaxial compression and stress
relaxation) were carried out using the TA.XT plus Texture
Analyzer (Stable Micro Systems Ltd., texture exponent for
Windows software, Surrey, UK) fitted with a 50 kg load cell and a 25
mm diameter aluminum probe. The samples were prepared by
removing cylindrical pieces from the cheese (19 mm diameter; 20 mm
height) which were then kept in refrigeration (5£1°C) until testing,
without addition of any lubricants. All determinations were repeated
five times.

2.4.1 Uniaxial compression

The cylindrical cheese samples were compressed to 50% of
their height at a cross-head speed of 1 mm/s. The stress (o) was
calculated by Eqg. (2), as proposed by Calzada and Peleg (1978).

Ty = FrpnlA Equation 2

where o ) is the stress at time (t); F) is the force at time (t); A is the
area.

The strain (¢) was also calculated in accordance with Calzada
and Peleg (1978), as shown in Eq. (3).

e=InH,/ /Hy Ay Equation 3

where HO is the original height; and AH is the change in height.

The fracture stress (c) and fracture strain (g) were derived in
relation to the fracture point, defined as the local maximum of the stress-
strain curve according to Wium and Qvist (1997).
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2.4.2 Stress relaxation

The cheese samples were subjected to 10% compression for 10
min from the initial height of the sample for 60 s at a cross-head speed
of 1 mm/s. The experimental results for the stress relaxation were
normalized and analyzed through the empirical model proposed by
Mdiller, Laurindo and Yamashita (2009) and Peleg (1980), where F(t) is
the force at time (t) and FO is the initial force, as shown in Eq. (4):

Frey/Fo =1 —{g1.8)/(c2 + 1) Equation 4

The parameters c¢; and c, were estimated by non-linear
regression using the STATISTICA 7.0 (StatSoft Inc., Tulsa, OK, USA).
In this model, 1 — c¢; and ci/c, provided information about the
viscoelastic characteristics of the material. The value of 1 — c¢; can be
seen as a “degree of solidity”, while the ratio c,/c, represents the initial
rate of the stress decay. The “degree of solidity” is associated with the
global behavior of the material, thus all the experimental data were
considered. In order to obtain a precise estimation of the initial decay
rate, the data were adjusted using the first one hundred experimental
points from the relaxation curve, without dimension through the ratio
Fw/Fo versus time, as suggested by Miuller, Laurindo and Yamashita
(2009).

2.5 Authenticity assessment

Dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE), as originally proposed by Laemmli (1970), was used to assess
the authenticity of Minas Frescal cheese samples. Cheese samples were
freeze-dried (Liotop L101 Lyophilizator, Liobras, Sdo Paulo, Brazil),
diluted with sample buffer and heated to 95°C for 5 minutes. A 15%
separating gel with 4% stacking gel was used, and aliquots of 10 pL of
cheese solution (4 mg/mL) were injected in each well of a vertical gel
electrophoresis unit (Bio Rad Mini Protean Tetra Cell, Richmond, CA,
USA). Electrophoresis separations were performed at constant voltage
(200 V). The gels were stained with Coomassie Brilliant Blue R-250
(0.3% wi/v) in 40% (v/v) methanol and 10% (v/v) acetic acid followed
by destaining using 40% (v/v) methanol and 10% (v/v) acetic acid. A
commercial milk powder (Molico®, Nestlé, Brazil) and molecular
weight standards (SDS-PAGE Standards/broad range, Bio-Rad
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Laboratories, Richmond, CA, USA) containing proteins from 6.5 kDa
(aprotinin) to 202 kDa (myosin) were loaded on separate wells. The
molecular weights were estimated by comparing the relative mobility of
the protein bands to standard proteins. The gels were scanned (Scan jet
Hewlett Packard 5590, CA, USA), and then the standards and the
proteins bands densities were processed using the ImageJ image analysis
software v1.46r (NIH, Bethesda, MD, USA,
<http://rsb.info.nih.gov/ij/>). Quantitative determination of casein and
B-lactoglubulin  (B-LG) was made by peak area integration of
densitometer traces and the ratio of these areas (caseins/B-LG) was
calculated. These analyses were done in triplicate.

2.6 Statistical analysis

The significance of the differences between the means of
the samples was determined by one-way analysis of variance
(ANOVA) followed by Tukey’s test. Linear correlation from
regression analysis was performed to verify the relationship between
the analyses. Differences were considered statistically significant
when P < 0.05. All statistical analyses were performed using
STATISTICA 7.0 (STATSOFT, Tulsa, OK, USA).

3 Results and discussion
3.1 Physicochemical analysis
A wide variation in the results for moisture, fat, fat in dry

matter and protein contents among the different brands of
commercial Minas Frescal cheese is shown in Table 1.
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Table 1. Physicochemical composition and color parameters (L*, a*, b*) of the commercial minas frescal cheeses.

Samples Moisture (g/100 g)  Fat (g/100 g)  Fat in dry matter (/100 g) Protein (g/100 g) L* a* b#
1 58.53£0.27° 15.65+0.37" 37.73 £ 0.66" 10.86 +0.03°™ 8650+0.227  205+0.19%F 15.03+0.28°%"
2 60.25 £ 0.01" 0.19 £0.16™" 23.12+£0.38" 2495+0.38° 87.94+0.14%  2905+003*"  16.80 = 0.09%!
3 68.12+0.04% 1411 +£021% 4424 + 0,594 1346 £0.33Y  8002+0.19% 228013 1978 £0.05°
4 71.58 £0.03" 10.70 £ 0.39" 37.63 £1.33Y 13.81 £0.04Y 0077 £0.17° 0.80£0.04*  20.38 20,10
5 50.48 +0.01° 15.71 £0.05™ 38T6+0.11™ 2061 £0.07% 8052+036° -268+008% 1066+0.33°
6 74.49 = 0.02° 8.08 +0.33" 3167 +1.25'™ 12.71 + 035 02.06+007* -1.09+005™ 1357028’
7 63.33 £0.15° 15.24 +0.48 4 41.44 £ 0.99"sb 1537+0.12%  9238+0.17% -259+0.03% 1549+0.15%"
8 68.43 £0.01° 12.91 £0.39" 40.88 £1.22%" 1407+£0.11™  91.01£024" 241 £007%%" 17.31 £0.08%
9 5778 £0.23% 1695 £0.10%" 40.15 +0.02™ 2134+061°  87.84+000%® 322+008™  1805+0.15¢
10 5784 +0.11*F 0.80 +0.13"™ 23.23 +0.25" 2591 £0.69° 8713 +£0.53%% 3504+ 035" 15.21 + 0.38"
11 53.05+004™ 2464 £0.40%" 5247 +0.81° 18.67+0.11° 86.33 + 0231 350+0415 1731 £0.05%
12 5246 +£001™ 21.66 +0.331 4556 + 0.68%° 10.60 £ 0.03%% 8743 +023%"  355+0.12%  20.80+040"
13 70.26 £ 0.07° 10.38 £0.01'™ 34.91 £ 0.04%* 1281 £0.04Y  87.68+0.18"  -192+0.06" 12.51 +0.26
14 5113 +£028" 2557 +0.49* 52320712 19.09£0.12%  87.79+0.17** 2.8 +£0.11"" 17.36+020%
15 54 88 +0.24' 20.36 +0.32° 45.13 £ 0.494%¢ 10.24+0.23% 8843+0.34% -280+0.16%" 1550+032%"
16 61.25 +0.24% 13.05 014" 33.68 £0.15% 2060+ 080>  8880+0.18% 234+0.16% 1335+002°
17 57.82 +0.02* 18.23 + 0.36" 4320+ 0.83%" 20.05+0.01%"  8885+029%  292+012%*" 16.13£0.19"
18 62.18 £ 0.05" 17.64 + 0.40"= 46.64 £ 0.98 " 1521 +0.085"  8038+0.17° -3.18+004™ 16,74 £ 023"
19 55.05+0.04" 2227036 49,53 £ 035" 1679 +036" 87.77+£007%  378+0.04' 2197+041°
20 5007 £0.16°  23.44 + 036" 46.93 +0.57 ¢ 2136+0.13%  86.73+£0.12"™  320+000™  2066+0.13"
21 63.03 + 0.30° 10.92 +0,20" 2053 +0.30™ 21.81+£0.09"  8898+0.29%  200x0.06%" 11.59x047F

Results expressed as mean £ standard deviation (n= 3).

*"Within a column, different superscript lowercase letters denote significant differences (P < (1.05) among the samples.
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Cichoscki et al. (2002) reported that, besides the processing
technologies used, the composition of raw milk is among the major
factors that determine the quality of the cheese. Guo et al. (2004)
and Martin-Gonzalez et al. (2007) also confirm that the milk
treatment prior to the cheese-making directly affects the composition
of cheeses. It was possible to note that most of the cheese samples
showed moisture contents higher than 55 g/100g, as established by
official regulation in Brazil (BRASIL, 2004). Regarding fat content,
Cruz and Gomes (2001) also noted similar variation in commercial
Minas Frescal cheese from different brands. However, the fat
content determined in the present study for some samples was
lower than that verified by Fritzen-Freire et al. (2010b) and Piazzon-
Gomes et al. (2010), who obtained values for Minas Frescal cheese
equal to 18.1 ¢/100g and between 15.8 and 16.2 ¢g/100g,
respectively. In this study, some samples showed contents of fat in
dry matter higher or lower than those established by Brazilian
official regulation, i.e., between 25.0 and 44.9 g/100g. These
inconsistencies could be correlated (P < 0.05) with the moisture
content (R = - 0.457) and strongly correlated (P < 0.05) with the fat
content (R = 0.886). In relation to protein content, it was noted that
their values were similar or higher than those determined by Buriti et
al. (2005) (11.22 to 11.86 g/100q), Fritzen-Freire et al. (2010b) (13.44
g/100g) and Piazzon-Gomes et al. (2010) (14.98 ¢/100g). A
correlation (P < 0.05) was also noted between the contents of moisture
and protein (R = - 0.649). Guinee, O’Kennedy and Kelly (2006) noted
that the level of cheese moisture decreased significantly upon
increasing protein level. Since those authors used one definite
manufacturing process and only varied the protein level, it’s difficult to
compare these conditions with the wide differences in manufacture and
composition of the commercial samples assessed in this work. Due to
the low correlation coefficients found in this study, along with the wide
variation in physicochemical results, it can be concluded that processing
parameters shall be quite different for the evaluated products.

3.2 Color analysis

Color parameters are extremely important in food science,
because they are directly responsible for product appeal and
consumer acceptability. However, data referring to Minas Frescal
commercial samples L*a*b* color assessment is inexistent. In the
present work, it was possible to note relevant differences in the L*, a*
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and b* parameters among the samples (Table 1). L* parameter
indicates lightness and the capacity of an object to either reflect or
transmit light. The present results for lightness were lower than those
obtained by Fritzen-Freire et al. (2010a) in Minas Frescal cheeses
made with probiotics and direct acidification.

All the samples showed a low a* value, indicating a tendency
to the green color. These results occurred probably because of the
presence of riboflavin, as cited by Mestdagh et al. (2011). In relation
to the b* parameter, all the cheese samples showed positive values,
indicating a tendency towards yellow. Finally, it was possible to
verify in this work that the cheeses showed a yellowish white color,
which mostly contributed to the color characteristics of the
cheeses, due to the predominance of yellow rather than green.
Unfortunately, correlation coefficients between L*, a* and b* and
cheeses’ chemical compositional were very low. Since Brazilian
regulation does not make any mention about instrumental color
parameters, a lack of standardization in Minas Frescal processing
seems to be evident, and additional research focusing on instrumental
color assessment shall be encouraged to obtain clear data.

3.3 Rheological properties

The rheological properties of cheese are important as a
means of determining its body and texture for quality and identity,
as well as a means of studying its structure according to its
composition and the processing techniques used (KONSTANCE;
HOLSINGER, 1992). In the uniaxial compression tests, a constant rate
of compression is applied to the material at large deformations to
determine  fracture  properties  (PAPPA; KANDARAKIS;
MALLATOQOU, 2007). In stress relaxation tests, a constant strain is
applied and the stress required to maintain the deformation is
measured as a function of time (DEL NOBILE et al., 2007). The
rheological data of uniaxial compression (fracture stress (o) and
fracture strain (g), as well as the stress relaxation data (degree of
solidity (1 - c;) and the stress decay (ci/c;), are shown in Table 2.
For each parameter evaluated, it was possible to note a large
variation between the samples.
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Table 2. Results of rheological parameters of uniaxial compression and relaxation of commercial minas Frescal cheeses samples.

Fracture stress (o)

Fracture strain (g)

Degree of solidity

Stress decay rate

Samples {cifc
’ (kPa) ©) (1-c) ) e

1 86.99 + 2.48 ¢ 0.69 + 0.00" 0416 +0.017° 0.663 +0.033 %
2 140.01 £2.56" 0.69 £0.00* 0.415+0.010° 0.697 + 0.047 %¢
3 66.94 + 437" 0.53 +0.01 ¢ 0.503 + 0.013*° 0.888 + 0.024 "
4 65.47 +2.55 "¢ 0.57 £0.05" 0.509 + 0.007* 0.693 + 0.037 %¢
5 89.55 + 7.59 ¢ 0.67 £0.02% 0.493 + 0.009 %P 0.871 +0.040*P<
6 69.82 +3.76"¢ 0.57 £0.04"¢ 0.507 £0.016" 0.723 £ 0.055 %
7 06.62 + 5.50° 0.51 +0.05° 0.517 + 0.008* 0.760 + 0.026 "¢4¢
8 48.06 + 3.20' 0.57 +0.04"¢ 0.495 + 0.016*° 0.701 £ 0.085 ¢
9 86.21 + 2.65%%¢ 0.69 +0.00* 0.392 + 0.022°¢ 0.728 + 0.040 %
10 135.26 +6.91* 0.60 +0.00* 0.384 + 0,008 “4¢ 0.682 + 0,053 4¢
11 11938 +6.25° 0.69 +0.00* 0.470 + 0.014° 0.937 £ 0.017*
12 86.99 + 576" 0.69 £ 0.00" 0.332+0.010" 0.878 +0.082*"¢
13 82.00 +2.57 % 0.54 +0.02 4 0.507 £ 0.011° 0.715 + 0.044 ¢
14 61.04 +3.328" 0.69 +0.00* 0.336 + 0.008 ' 0.863 + 0.046 "¢
15 51.77 £ 1.92M 0.69 £0.00% 0.334 £ 0.008" 0.771 +0.086 ¢4
16 42.94+0.12° 0.69 +0.00* 0.297 + 0.006° 0.875 +0.0222b<
17 75.26 + 1.99°! 0.69 £ 0.00* 0.364 +0.014 %! 0.718 £+ 0.047 %¢
18 67.60 +2.18"¢ 0.59 +0.03" 0.494 + 0.015*° 0.755 +0.056 ¢
19 66.93 + 4.46 "¢ 0.69 +0.00* 0.376 + 0.015%¢ 0.534 +0.032"
20 12374 +6.84° 0.60 +0.00* 0.355 +0.018 % 0.761 + 0.053 Pede
21 4252 +1.78" 0.69 +0.00* 0.376 + 0.015 %¢ 0.640 + 0.032°

Results expressed as mean + standard deviation (n = 3).

*'Within a column, different superscript lowercase letters denote significant differences (P < 0.05) among the samples.
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Fracture stress (o) is a point of maximum stress, where the
material shows macroscopic failure (WATKINSON et al., 1997) and a
high numerical value indicates toughness (JUAN et al., 2007). Based
on the data presented in this work, it can be concluded that the higher
numerical values indicate a harder and less breakable material,
requiring more strength to fracture it. O’Callaghan and Guinee
(2004) confirm that this parameter is related with the strength of
cheese matrix; while Fox et al. (2000) state that this behavior is
directly related with cheeses that have greater hardness.

The fracture strain (¢) is the point which describes the
deformability of cheese (JUAN et al., 2007). The ¢ values indicated
correlations with protein (R = 0.831) and moisture (R = - 0.791)
contents. The cheese samples with lower moisture and higher protein
contents showed resistance to fracture and these results are in
agreement with those noted in the o parameter. Creamer and Olson
(1982) reported that the fracture strain in cheese is related to the
loss of elastic structural elements when the water content available
for the solvation of protein is reduced. According to Juan et al.
(2007) and O’Callaghan and Guinee (2004), higher numerical
values to ¢ indicate greater deformability, since the ¢ parameter
measures the deformation that occurs before the cheese ruptures.
The higher numerical values obtained in this study, when
compared with those obtained by Fritzen-Freire et al. (2010b),
indicate less deformable cheeses. The deformability may be related to
the chemical structures of cheese components and also by small
variations in the processing technology (FERRANDINI et al., 2011).
Such variations may occur especially when cheese is produced by
different manufacturers, as observed in this work.

Lucey, Johnson, and Horne (2003) reported that cheese is a
viscoelastic material because, during (and after) deformation, part of
the mechanical energy supplied is stored in the material (elastic part)
and part is dissipated (viscous part). According to the model proposed
by Peleg (1980), when t — o, Fy/Fo — 1 — ¢4. Thus, if the stress of
the specimen fully relaxes, then, c; =1 and 1 — ¢, = 0. When (1 — ¢,)
reaches 1, the material behaves as an elastic solid; and when (1 —
c,) reaches 0, the material behavior is controlled by the viscous
component (MULLER; LAURINDO; YAMASHITA, 2009).
Therefore, from the data obtained for the ‘degree of solidity’, it was
possible to verify that all the analysed samples were characterized by
a tendency to be more viscous than elastic. Moreover, a moderate
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degree of correlation (P < 0.05) with the moisture (R = 0.710) and
protein (R = - 0.661) contents could also be verified. According to
Fox et al. (2000), the whey present among the casein micelles acts
as lubricant, and thus the cheese samples with higher moisture and
lower protein contents result in a net with more viscous characteristics.

An accurate estimation of ¢, is important to determine the rate
of stress decay (ci/c;). The values of ci/c, for the investigated
samples were higher (P < 0.05) than those obtained by Fritzen-Freire
et al. (2010b) in Minas Frescal cheese. In the present study, all
samples showed low mechanical resistance and, therefore, had less
elasticity.

3.4 Authenticity assessment

Figure 1 shows the electrophoretic profiles of the studied
samples. The identification of proteins may be performed by
comparing the electrophoretic mobility of the milk proteins and the
molecular weight standard used, as well as by comparing
electropherograms from previous studies (JOVANOVIC et al., 2007,
HERNANDEZ; HARTE 2009; HOLLAND et al., 2010). In the
present study, a good resolution was obtained, with a clear separation
of proteins by SDS-PAGE. Although samples were all labelled as
being the same product, electropherograms revealed a wide
unexpected variability in their proteins profile, with both caseins (CN)
and B-lactoglobulin (B-LG) being present in some samples. Thus, as a
way to assess which proteins prevail, a CN/B-LG ratio was established
from the densitometric analysis of the respective bands. These
calculations allowed to divide samples into two significantly different
groups (P < 0.05): the first (n = 12), wherein the CN/B-LG ratio is
always greater than 17.9, and the second (n = 9), wherein this ratio is
close to zero (Figure 2). In the first group, bands corresponding to
caseins appear intensively stained, as expected in authentic cheeses.
On the other hand, it can be seen, in the second group, that B-LG is
predominant in their electropherograms, while caseins appear in low
concentration. Moreover, bands corresponding to lactoferrin (Lf),
bovine serum albumin (BSA) and immunoglobulin G (IgG) appear
quite stained in this group, while in the other samples they are
practically inexistent. These facts suggest the presence of whey in the
composition of these products, contrary to the enzymatic process
required for manufacturing of Minas cheese.
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The CN/B-LG ratios showed a strong correlation (P < 0.05)
with the degree of solidity (1 — ¢;) (R = -0.942), confirming the
tendency to being more viscous shown in the cheese samples with
higher casein content. A viscous behavior was also noted by
Dahbi et al. (2010) for concentrated industrial suspension with high
casein content.
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Figura 1. SDS-PAGE patterns of proteins from molecular weight standards
(MWS), commercial Minas Frescal cheeses (1 up to 21) and milk. Lf:
lactoferrin, BSA: Bovine Serum Albumin and IgG: Immunoglobulin G.
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Figura 2. Results of the average + standard deviation of the casein/p-lactoglobulin ratio from densitometry analysis (n = 3). a-d
Different superscript lowercase letters denote significant differences (P < 0.05) among the samples.
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A correlation (P < 0.05) was also verified between the
CN/B-LG ratio and fracture strain values (R = 0.767). Therefore,
higher casein content could be responsible for greater cheese
deformability. As suggested by Fox et al. (2000), the concentration of
casein in the cheese matrix increases, the intra- and inter-strand
linkages become more numerous, and the matrix shows a decrease in
the viscous component, resulting in an easily deformable structure.

Several reports demonstrate great variation in sanitary and
sensorial quality in commercial samples of Minas Frescal cheese
(NOGUEIRA; LUBACHEVSKY; RANKIN, 2005; ROCHA; BURITI;
SAAD, 2006; SOUZA et al., 2008; VISOTTO et al., 2011). According
to Brighenti et al. (2008), variations can be expected due to differences
in the chemical composition of the raw material or in some
manufacturing parameters adopted by the plants. Although these
variations have been reported, this is the first study that focuses on
authenticity and rheological aspects of commercial samples of Minas
Frescal cheese. Furthermore, the correlations between the parameters
evaluated in this study indicate that there is a lack of standardization
among manufacturers, probably due to the use of unallowed raw
material, which may severely compromise the identity of this
traditional product.

4 Conclusions

The results from the physicochemical, color, rheological and
electrophoretic profile showed that the commercial Minas Frescal
cheeses were different, indicating heterogeneity among the different
brands available on the market. A greater tendency toward a
yellowish white color was noted in the cheese samples. Among the
evaluated parameters, the moisture and protein contents affected the
rheological properties of the cheeses, which showed a tendency to a
matrix with more viscous and firmer characteristics. The SDS-PAGE
analysis showed a wide unexpected variation in the type of proteins,
with casein bands prevailing in some samples, while B-LG prevailed
in others. This wide variation was confirmed in the results of the
CN/B-LG ratio and it was noted that authentic Minas Frescal
samples presented higher CN/B-LG ratios and showed a decrease
in the degree of lightness, a viscous behavior, and a greater
deformability. These results emphasize the need for a more effective
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control, mainly in the selection of raw material, aiming to offer
consumers authentic products.
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Metodo de controle para inspecionar a autenticidade da composicéo
de queijo Minas Frescal por eletroforese em gel

Resumo

Este estudo apresenta um método qualitativo desenvolvido para auxiliar
na inspecdo da autenticidade da composicdo de queijos brancos frescos
como o Minas Frescal, um queijo tipico brasileiro, especialmente
quando héa suspeita de substituicdo irregular de leite por soro de leite. O
método, utilizando eletroforese em gel de poliacrilamida na presenca do
desnaturante dodecil sulfato de sdédio (SDS-PAGE), seguido pela
densitometria da imagem do gel obtido, foi validado. Os queijos foram
liofilizados para serem submetidos a eletroforese e a proteina f-
lactoglobulina (B-LG) foi escolhida como o marcador de adulteracdo. A
confirmacdo da identificacdo do marcador foi realizada através da
digestdo da banda do gel em tripsina seguido pela analise dos peptideos
obtidos em espectrometria de massa MALDI-TOF (Matrix Assisted
Laser Desorption lonization — Time of Flight). Os queijos que
apresentarem no minimo de 14 mg.g-1 de B-LG sdo considerados
adulterados. O método mostrou precisao satisfatoria, com um limite de
deteccdo de 7 mg.g-1. Quarenta e duas amostras comerciais de
estabelecimentos inspecionados foram avaliadas e submetidas a analise
de Cluster. Grupos de amostras conformes e ndo conformes foram
obtidos com 24 (57%) amostras auténticas e 18 (43%) amostras
adulteradas, respectivamente, mostrando que o monitoramento analitico
adequado é necessario para inibir essa pratica.

Palavras chave: SDS-PAGE; Queijo Minas frescal; Adulteracoes;
Inspecdo de produtos lacteos; Soro de leite.
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A control method to inspect the compositional authenticity of Minas
Frescal cheese by gel electrophoresis

Abstract

This study introduces a qualitative method to inspect the compositional
authenticity of white non-ripened cheeses like Minas Frescal, a typical
Brazilian cheese, especially when irregular replacement of milk by whey
Is suspected. A sodium-dodecyl sulfate gel electrophoresis (SDS-PAGE)
method, followed by image densitometry, was validated. Cheeses were
freeze-dried to electrophoresis, and g-lactoglobulin (4-LG) was chosen
as the adulteration marker. In-gel trypsin digestion followed by matrix
assisted laser desorption ionization-time-of-flight (MALDI-TOF) mass
spectrometry provided its identification. Cheeses with a minimum of 14
mg.g™ of A-LG are considered to be adulterated. The method shows
satisfactory precision with a detection limit of 7 mg.g™. Forty-two
commercial samples from inspected establishments were then assessed
and subjected to cluster analysis. Compliant and non-compliant groups
were settled with 24 (57%) authentic samples and 18 (43%) adulterated
samples, respectively, showing that proper analytical monitoring is
required to inhibit this practice.

Keywords: SDS-PAGE; white cheeses; adulterations; dairy inspection;
whey.
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1 Introduction

Minas Frescal is a widely consumed cheese in Brazil. It is a
white fresh, ready to consume cheese, that usually presents a whitish
internal color, a soft consistence, and a close texture with scarce
irregular holes. It is a high moisture cheese, whose flavor ranges from
mild to slightly acid (PLANZER JUNIOR et al., 2009; NALDINI;
VIOTTO, KUAYE, 2009, SOUZA; SAAD, 2009). A national regulation
has been established by inspection authority for this product, which shall
be obtained from whole or semi-skimmed pasteurized milk by
enzymatic clotting with rennet and/or other appropriate clotting
enzymes, complemented or not by the action of specific lactic bacteria
(BRASIL, 2004).

In dairy products, modification of composition and adulteration
with other dairy or non-dairy ingredients may take place for economic
reasons (DE LA FUENTE; JUAREZ, 2005; HRIZIKOVA et al., 2012).
In a previous study, unexpected variations were observed in rheological
and physicochemical properties of Minas Frescal cheese commercial
samples acquired in Brazil. Moreover, based in the electrophoretic
profile of those samples, it was suggested that whey was irregularly
present in the composition of these products (MAGENIS et al., 2014).
Considering the large excess and the low price of whey (RECIO et al.,
2000), its fraudulent addition to Minas Frescal cheese production is
easily accomplished of financial gains.

Although a reference method is available to detect cow milk in
cheeses made from goat, buffalo and ewe milk in European Union
(EUROPEAN COMMISSION, 2008), it seems that white cheeses
adulteration with whey has not been properly assessed, since no
analytical method has been validated or is even available with this
purpose. Recently, adulterated goat and ewe cheeses were detected in
Croatia by isoelectric focusing (SPOLJARIC et al., 2013). Particularly,
the addition of whey to several dairy products has been researched for a
long time, and depending on the matrix susceptible to adulteration, a
different protein marker has to be selected. Proteomic methods have
been described with this purpose, such as the classic detection of
caseinomacropeptide (CMP) in milk (MOTTA et al., 2014). In Italy, a
proteomic approach was performed to assess the adulteration of
mozzarella ‘Fiordilatte’ with stored curd and a fragment of the main
proteolytic product obtained by rennet digestion of as;-1 casein has been
patented as a marker protein (FACCIA et al., 2014).
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In Brazil, products of animal origin can be inspected by federal,
state or municipal governments. Since 2006, in attempt to reduce trading
restriction in inspected establishments and also to provide technical and
sanitary equivalence among those three inspection levels, the Brazilian
System of Inspection (SISBI) was created (BRASIL, 2006). In that
system, an authorized establishment, inspected by a state or municipal
inspection service officially recognized as equivalent to the federal
inspection service, is allowed to trade its products throughout the whole
country. In this growing scenario, where the number of medium and
small factories is crescent, the importance of having available analytical
methods capable of detecting fraudulent trade practices is evident.

Analytical methodologies that allow the characterization of
dairy products can be very useful to support regulative authorities as
well as food manufacturers (MIRALLES et al., 2000). The
polyacrylamide gel electrophoresis (PAGE) is a classic separation
method which assisted by advanced scanner and image analysis can
result in good separations and high resolutions, leading to accurate and
reproducible results (PESIC et al., 2011). Dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) has been widely used
to identify proteins and it fits well to dairy products, separating caseins
and whey with good resolution (ALOMIRAH; ALLI, 2004; PATEL et
al., 2006; PATEL et al., 2007; JOVANOVIC et al., 2007; OUTINEN;
HEINO; UUSI-RAUVA, 2010; PUGLISI, PETRONE; LO PIERO,
2014). This work aimed to validate an electrophoretic qualitative
method to detect Minas Frescal cheese’s adulteration by replacement of
milk by whey, as a control tool to inspect its authenticity.

2 Materials and methods
2.1 Materials

Whole pasteurized milk (from five different brands), food-grade
lactic acid (Purac Sinteses, Campos dos Goytacazes, RJ, Brazil),
calcium chloride (Vetec, Duque de Caxias, RJ, Brazil), and commercial
rennet (Chr. Hansen A/S, Valinhos, SP, Brazil) were used to prepare
cheese reference samples. Commercial Minas Frescal cheeses (n = 42),
processed by different state or federally inspected factories (from 7
different states) were purchased at various shops and market stalls in
Brazil, within 2-3 weeks after manufacture. Defatted milk powder
(Nestlé Brasil Ltda., Araraquara, SP, Brazil) and whole pasteurized milk
were purchased at local market. Demineralized whey powder (12.5% net
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protein content) was obtained from Cooperativa Central Aurora
Alimentos (Pinhalzinho, SC, Brazil). Trypsin from porcine pancreas and
p-lactoglobulin (purity > 90%) from bovine milk were purchased from
Sigma-Aldrich (St. Louis, MO). All reagents employed to prepare
buffers and solutions were electrophoresis grade and obtained from Bio-
Rad Laboratories Inc. (Hercules, CA). All solvents and acids were of
analytical grade for HPLC and were purchased from Merck KGaA
(Darmstadt, Germany). Standard solution was prepared by diluting f-
lactoglobulin to 1 mg.mL™ with sample buffer before analysis.

2.2 Reference samples

Five cheeses were manufactured with commercial pasteurized
milk as reference Minas Frescal samples at the laboratory. For the
processing of each cheese, milk (4 L) was heated at 37 + 1°C, lactic acid
(0.25 mL.L™ of a 85% lactic acid solution), calcium chloride (0.4mL.L™
of a 40% calcium chloride solution) and commercial rennet (0.9mL.L™)
were added, followed by incubation at 37 = 1°C for 40 min. Gel was
gently cut into cubes, drained, placed in perforated circular containers
(approx. 500 g capacity) and kept overnight under refrigeration for
draining. Reference samples were then freeze-dried at a lyophilizer
(Liobras Comércio e Servico de Liofilizadores, Sdo Carlos, SP, Brazil)
and kept at -18°C,

2.3 SDS-PAGE analysis

Freeze-dried cheeses were weighed into polypropylene
centrifuge tubes and diluted to 4 mg.mL™ in sample buffer [0.1 M Tris—
HCI, pH 6.8; 20% (v/v) glycerol, 2% (v/v) SDS, 5% (viv) p-
mercaptoethanol and 0.01% bromophenol blue]. Tubes were moderately
shaken on a “wrist action” shaker for 30 min and then heated in water
(95°C) for 5 min. SDS-PAGE was carried out as originally proposed by
Laemmli (1970) on a 15% (w/v) separating gel and sample aliquots of 5
uL were loaded per well at a Mini Protean® Tetra Cell cube (Bio-Rad
Laboratories Inc., Hercules, CA). Gels were run at constant voltage (200
V) for 45 min. Molecular weight standards (MWS), consisting of a
cocktail of proteins of known molecular weights (aprotinin, 6.5 kDa;
lysozyme, 14.4 kDa; trypsin inhibitor, 21.5 kDa; carbonic anhydrase, 31
kDa; ovalbumin, 45 kDa; serum albumin, 66.2 kDa; phosphorylase b,
97.4 kDa; p-galactosidase, 116.25 kDa; myosin, 200 kDa) (Bio-Rad
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Laboratories Inc., Hercules, CA) was run together with cheese samples.
MWS solution was prepared by diluting the standards 1:20 in sample
buffer, followed by heating for 5 min at 95°C. The solution was cooled
and an aliquot of 5 pL were loaded at the well. After electrophoresis,
gels were stained for 16 h in Coomassie blue dye solution [0.3% (w/v)
Coomassie Blue R-250, 10% (v/v) acetic acid and 40% (v/v) methanol],
and then destained using 10% (v/v) acetic acid and 40% (v/v) methanol
solution until the background color was completely removed. Gels were
digitalized using a densitometer (Bio-Rad GS800) and the Quantity
One® 1-D Analysis software (Bio-Rad Laboratories Inc., Hercules, CA).
Densitometry analyses were performed using lane-based background
subtraction, followed by measurement of the spots by the area under the
peaks. The values in optical density (OD) were then used for statistical
analysis. Each sample was analyzed on duplicate gels. Proteins were
identified by comparison of their relative mobilities with those of
molecular weight standards and by comparison of electropherograms
from previous reports (BASCH et al., 1985; ALOMIRAH; ALLI, 2004;
PATEL et al., 2006; OUTINEN; HEINO; UUSI-RAUVA, 2010).

2.4 Selection of a marker protein

In order to identify a marker protein to evaluate the authenticity
of Minas Frescal cheeses, the SDS-PAGE profiles of reference samples
(processed as described above) were assessed. Milk powder and whey
powder samples were also used as references. Milk powder and whey
powder were weighed (10 mg), diluted in sample buffer (2.5 mL) and
subjected to electrophoresis.

2.5 Establishment of an action level

Aiming to establish the level of the marker protein which can be
accepted in authentic Minas Frescal cheeses, we assessed 42 commercial
samples and five reference samples with SDS-PAGE. Optical densities
(OD) values were subjected to clustering using the K-means technique
(k = 2) and the R software (R CORE TEAM, 2013). The two groups
formed were classified as compliant or non-compliant. From the
compliant group’s OD, an action level was then set as follows:

Action level = X + 10.5 Equation 1
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where X is the f-LG OD mean from compliant samples at cluster
analysis and from reference samples and s, standard deviation. Mean
was obtained from duplicate determinations.

Aiming to obtain the concentration of the marker protein at the
established action level, a reference sample was fortified with g-LG (six
levels) and an analytical curve was built from concentrations (mg.g™
cheese) versus OD. Fortification was done by preparing a solution of
freeze-dried cheese in sample buffer, to which the standard solution was
added (at 0, 3.125, 6.25, 12.5, 25 and 50 mg.g™).The action level was
then calculated in mg.g" of cheese by linear regression from the
theoretical concentrations of the fortified blank sample versus the
respective OD.

2.6 Performance characteristics of method

Confirmation of identity of the marker protein,
selectivity/specificity, limit of detection (LoD) and precision were
assessed to evaluate method’s performance, as recommended by
Eurachem (1998) for qualitative methods.

2.6.1 Confirmation of identity of the marker protein and
selectivity/specificity

Protein spots corresponding to the selected marker were
manually excised from stained gels obtained from whey and the
reference sample. Spots were submitted to destaining in 400 pL of a 25
mM ammonium bicarbonate/acetonitrile solution (1:1, v/v). The solution
was replaced by 200 pL of pure acetonitrile for 5 min and dried under
vacuum for 15 min. The samples were incubated for 18 h at 37°C in the
presence of 10 pL of 0.01 pg.puL™ trypsin. The peptides were extracted
by washing the gel pieces for 3 times with 50% (v/v) acetonitrile and
5% (v/v) trifluoroacetic acid (TFA) solution and then the supernatant
containing digested peptides was transferred into clean tubes. The
extract was dried under vacuum and solubilized in 0.1% TFA. Then 0.5
uL of sample was thoroughly mixed with 0.5 pL of a saturated matrix
solution (10 mg a-cyano-4-hydroxycinnamic acid in 50% v/v
acetonitrile, 1% v/v TFA, 49% water). This peptide matrix solution was
spotted onto a target plate. The samples were then subjected to matrix
assisted laser desorption ionization-time-of-flight (MALDI-TOF) on a
Autoflex 11l Smartbean mass spectrometer (Bruker Daltonics, Bremen,
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Germany) fitted with a 200 Hz Smartbeam pulsed nitrogen laser
emitting at 337 nm and operated in reflectron mode. The extraction
voltage was 19 kV. Spectral data were collected in the range of 700-
3500 Da using positive ionization. Protein identification was performed
by searching in the protein sequence database (Swiss-Prot) using the
Mascot search engine (http://www.matrixscience.com). The following
parameters were used for database search: taxonomy: mammalian;
enzyme: trypsin; variable modifications: oxidized methionine; fragment
mass tolerance: 0.5 Da; peptide charge: 1 H'; precursor mass tolerance:
100 ppm. The search was initially performed on peptide mass
fingerprinting method and then the MS/MS lon Search was used.

2.6.2 Limit of detection (LoD)

Limit of detection was established as follows:

LoD=X +3.5 Equation 2

where X is the p-LG optical densities mean from compliant commercial
samples at cluster analysis and from reference samples and s means
standard deviation. LoD was then calculated in mg.g™ of cheese by
linear regression from the theoretical concentrations of fortified the
blank sample versus the respective OD.

2.6.3 Precision

Different blank samples were used to perform the precision
assay. Three blank samples were fortified with the marker protein to
each concentration: below (0,5 x), at and above (2 x) the action level;
and together with three blank sample without fortification was randomly
injected in electrophoresis gels. Analysis was carried out by two
analysts on different days. Each analyst conducted the analysis and
made the reading the results without knowledge of the samples and then
precision was assessed by calculating the false positives/false negatives
rates as follows:

" : itives .100 :
% False positives = fales positives Equation 3

total known negatives
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. alse negatives .100 .
% False negatives = ! g Equation 4

total known positives

3 Results and discussion
3.1 SDS-PAGE analysis

The major proteins of the milk were individually resolved by
SDS-PAGE and then visualized by Coomassie blue staining (Figure
1A). Our results show both typical milk and whey electrophoretic
profiles, which major proteins could be identified, as caseins (molecular
weight ranging from about 19 kDa to 25 kDa) and whey proteins such as
S-LG (molecular weight of about 18.3 kDa) and «-lactalbumin
(molecular weight about 14 kDa), in accordance to those cited in the
literature (FARRELL JUNIOR et al., 2004; SMOLENSKI et al., 2007).
Moreover, some of milk’s minor proteins, such as serum albumin,
immunoglobulin G (IgG) and lactoferrin were also resolved. As
expected, the para-x-casein peptide was present in all reference samples,
and in all authentic Minas Frescal cheese samples.

3.2 Selection of a marker protein

The broad objective in assessing food authentication is to
identify markers to characterize the authenticity of food or their
potential adulterants/contaminants and use them to resolve authenticity
issues. The selected marker has to be specific and its natural variation
must be limited and well characterized (PRIMROSE; WOOLFE;
ROLLINSON, 2010). Proteins have been widely used as adulteration
markers in dairy products, allowing to assess their animal species or
even the irregular replacement of milk by whey (MAFRA; FERREIRA,;
OLIVEIRA, 2008; MOTTA et al., 2014; FACCIA et al., 2014). In
Minas Frescal, f-LG appeared with low optical density (Figure 1B).
This behavior is expected, since milk clotting enzyme acts directly on
casein, retaining it in the clot, while whey proteins are expelled with
aqueous phase (HINRICHS, 2001; DE LA FUENTE; SINGH; HEMAR,
2002). Being the major protein in the composition of whey and in very
low concentration in cheese, f-LG was chosen as the marker to assess
the compositional authenticity of Minas Frescal with SDS-PAGE.
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Figure 1. SDS-PAGE electrophoretic proteins profile of a Minas Frescal cheese reference sample, demineralized whey powder
and defatted milk powder (A) and respective densitograms (B). a-LA: alfa-lactalbumin; p-LG: beta-lactoglobulin; MWS:

molecular weight standards (6.5 to 200 kDa).
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3.3 Establishment of an action level

A strong difference among the protein composition of the
samples was seen (Figure 2A). In 43% of samples (n = 18), caseins
appeared as moderately or slightly stained spots. This variable
concentration is expected among non-compliant samples, suggesting
that, when compositional adulteration occurs, milk is used in different
combinations with whey. On the other hand, intense spots of f-LG can
be seen. On the contrary, negligible amounts of S-LG can be seen in
reference samples (Figure 2B). Since these commercial samples were
declared by the producers as manufactured with milk, it can be assumed
that in white cheeses like Minas Frescal, a high concentration of f-LG
suggests the use of whey as a raw material in its composition, which is
inconsistent with the official regulation (BRASIL, 2004).
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Figure 2. SDS-PAGE electrophoretic profiles (A) and mean values (n = 2) of p-LG optical densities (B) from commercial samples
(lanes 1-42) and from reference samples (lanes 43-47) of Minas Frescal cheese. MWS: molecular weight standards (6.5 to 200

kDa); 5-LG: p-lactoglobulin; CN: caseins; p-k-CN: para-kappa-casein.
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Estimating a “basal value” is important when selecting an
authenticity marker, since it can avoid natural errors in milk proteolysis,
physiological responses related to feed, climate and several other factors
(MOTTA et al.,, 2014). The presence/absence of an analyte is not
considered to be an absolute measure related to a concentration level of
zero but to a specific concentration level (TRULLOLS; RUISANCHEZ;
RIUS, 2004). Below this limiting level, analyte concentration is
considered insignificant and intrinsic of sample’s composition. In this
study, the proposal of an action level aimed to settle the maximum OD
for the marker protein ($-LG) in a sample of cheese to be considered
compliant (i.e., produced from coagulated milk enzyme). Previously, we
tried to establish a casein/f-LG ratio from the densitometry analysis of
cheeses, as a way to distinguish compliant from non-compliant Minas
Frescal samples (MAGENIS et al., 2014). Although samples could be
divided by cluster analysis in two significantly different groups, the
wide variation led to settle a single adulteration marker instead of
calculating a cut-off value for this ratio.

Optical densities for the p-LG spots from both commercial and
reference samples are shown in Figure 2B. Although a wide variation
can be observed, cluster analysis revealed two distinct groups:
compliant (Group A) and non-compliant (Group B). As expected, Group
A consisted of the reference samples and of most commercial cheeses
(samples 1, 2, 9, 10, 12, 14-17, 19-29, 32, 33, 37, 42). This cluster
showed low OD for the p-LG spot, ranging from 0.01 to 0.04. On the
other hand, Group B consisted of the reference samples and most of the
commercial samples (samples 3-8, 11, 13, 18, 30, 31, 34-36, 38-41)
which showed higher densities for that protein, ranging from 0.39 to
0.85. OD values ranging from 0.04 to 0.39 have not been observed for
any sample. Since compliant Minas Frescal cheeses tended to present
low OD for S-LG, an action level, based on the mean value (OD = 0.02)
presented by this cluster plus the standard deviation multiplied by 10,
could be set. Thus, compliant/non-compliant cheeses can be easily
distinguished. Linear regression from the theoretical concentrations of
fortified blank samples versus the respective OD resulted in the
calculation of the concentration of A-LG at the action level (14 mg.g™).
The results shown in Figure 3 indicated that the intensity of the f-LG
spot was almost linearly related to the concentration of the analyte (R* =
0.992). A qualitative method must either respond to the presence or
absence of the analyte detected either directly or indirectly in a certain
amount of sample (FELDSINE; ABEYTA; ANDREWS, 2002). The
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final decision is made by comparing the response of a test sample to the
response of a reference sample containing the analyte at the action level.
Since the cut-off concentration (action level) has been settled, a blank
sample fortified with f-LG must be assessed at the same gel in which
unknown samples are being analyzed. If an unknown sample has a
higher OD than the fortified sample, it is considered to be positive (non-
compliant), and whey must have been used in replacement of milk. On
the other hand, if f-LG OD is lower than fortification, sample is
considered to be negative (compliant), and milk is presumed to have
been properly processed.
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Figure 3. Electrophoretic profile (A) and linear regression (B) from a blank
sample of Minas Frescal cheese fortified with pg-lactoglobulin in different
concentrations versus the respective optical density. MWS: molecular weight
standards (6.5 to 200 kDa).
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3.4 Performance characteristics of method

Table 1 shows the results obtained during performance
assessment for this qualitative method.

Table 1. Validation data for the qualitative control method to inspect
compositional authenticity of Minas Frescal cheese by gel electrophoresis.

Validation parameter Methodology Eesults

Analysis of blank
(n=73)and fortified
blank differert samples

(n=3/concentration) at . o
FF=0; FN=0(AlF

Precision concentrations bealow . -
FP=0; FN=0(A2)F

(7.0 mgg?), at
(14 0mggyandabove
(28 .0mg.g!)the action

level by two analysts.

Confirmed identity for Bos

faurus
Iilass spectrometric .
Selectivity/Specificity A-Lactoglobulin (Mascot score =
charactenzation. _
146, sequence coverage = 0%,
with 17 matching peptides)
Limit of detection (LoD} LoD=X+3; 5=0.006, LoD =7 mg.g’
_ 5=0.006,
Actionlevel Action level =X = 1057 . ;
Action level =14 mg g
FP =falsz positives; FIN = false nagatives; Al = Analvst 1; A2 = Analwst 2.

“X=§-L{r optical dansitizs mean from compliant cormmercial samplas at cluster analvsis and from rafarancs

samplas; 5 = standard deviation.

By the position of the S-LG spots in terms of molecular weight
and the peptide mass fingerprints obtained by MALDI-TOF mass
spectrometry, identification was provided (Figure 4).
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Figure 4. Matrix assisted laser desorption ionization-time-of-flight (MALDI-
TOF) mass spectrum of Bos taurus g-lactoglobulin after in-gel digestion with
trypsin.
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The use of confirmatory techniques can be useful as a means of
verifying the analyte’s identity and so to assess the selectivity/specificity
of a proposed method (EURACHEM, 1998). By matching the peptide
masses generated following the trypsin digestion with those available in
the database, the selected spots were successfully identified as homolog
to Bos taurus B-LG, one of bovine milk’s major proteins. Significant (p
< 0.05) protein scores were obtained (Mascot score = 146). To confirm
the identification of 5-LG, the MS/MS spectra of three greater intensity
peptides (m/z 837; 1635; 2313) were performed. A total of 17 peptides
matched with 80% of the S-LG sequence (Table 2). A number of
unidentified peaks may represent contaminants from the gel, Coomassie
staining, trypsin or the matrix used. Mass spectrometry provides
unequivocal molecular mass identification of peptides. The main
advantages of MALDI are rapidity, simplicity and sensitivity, especially
if compared to electrophoretic and chromatographic techniques
(CALVANO et al., 2012). Recently, the combination of two-
dimensional electrophoresis and MALDI-TOF mass spectrometry was
also applied to identify an adulteration marker in mozzarella (FACCIA
etal., 2014).
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Table 2. Theoretical (expected) and experimental (detected) p-lactoglobulin
peptides (m/z) obtained by tryptic digestions in solution.

Expected tryptic peptides® Detected tryptic peptides

Sequence Mr (calc.) Mr (det.)
3-24 2274.25 2275.28
25-30 672.38 673.43
31-56 2706.36 2707.27
57-76 2312.25 2313.18
86 - 91 700.44 701.47
87-93 801.49 802.96
92 -99 902.55 903.52
94 -99 673.41 674.47

94 - 107 1570.87 1571.96

100 - 107 915.46 916.56

108 - 116 1064.57 1066.04

108 - 117 1192.67 1193.59

141 - 151 1244.57 1245.44

141 - 154 1634.76 1635.68

155 - 164 1148.68 1149.73

158 - 164 836.46 837.45

165-178 1657.77 1657.67

*Theoretical digestion performed at Protein Prospector
(http://prospector.ucsf.edu/prospector/mshome.htm).

The LoD was set to 7 mg.g™*, which corresponds to the lowest
concentration of the analyte that can be confidently detected by this
method. The method presented good precision, since neither false
positives nor false negatives have been detected by any analyst below (7
mg.g™), at (14 mg.g™*) and above (28 mg.g™) the action level. During the
precision assessment, the chosen concentrations for f-LG fortification
were considerably lower than the detected concentrations at the
adulterated commercial samples, probably because whey is being
deliberately used as a non-compliant raw material (Figure 2). Thus, it
must be concluded that, when adulteration with whey is practiced during
the manufacturing of Minas Frescal cheese, the concentration for f-LG
Is consistently higher than the action level settled by the present method.
Moreover, adulteration with whey may be a common, underestimated
feature in the processing of white non-ripened cheeses. This situation
may offer economic profit, since whey is cheaper than milk. As
previously reported, when adulterated with whey, Minas Frescal cheeses
assume some Ricotta-like properties, presenting a yellowish white color,
lower moisture content, less deformability and tending to be more
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viscous than elastic (MAGENIS et al., 2014). In fact, due to the
impossibility of clotting the whey, it can be inferred that heating is
employed during the fraud, in a very similar way of Ricotta processing.
Adulterated products are then mislabeled, and milk is falsely declared as
being used as raw material. Considering the difficulty of identifying this
non-compliant practice during factory inspection, laboratory support and
availability of a method to detect adulteration of Minas Frescal cheese
compositional authenticity is quite convenient.

The proposed method in the present work has been successfully
applied in our laboratory and constitutes a simple control tool to inspect
Minas Frescal cheese compositional authenticity, being helpful to
official dairy inspection. The main advantages of this method rely on the
low cost and reasonable simplicity of SDS-PAGE, and the possibility of
simultaneous analyzing of several samples. Non-compliant products
(43%) were detected, enlightening the need for proper analytical
monitoring in order to inhibit this practice.
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CONSIDERACOES FINAIS

Os resultados das avaliagbes fisico-quimicas, de cor, das
propriedades reoldgicas e do perfil eletroforético das amostras
comerciais de queijo Minas Frescal analisadas apresentaram ampla
variacdo, indicando heterogeneidade nas amostras avaliadas durante a
realizacdo deste trabalho.

Uma tendéncia a coloracdo branco amarelada foi observada
entre 0s queijos e entre os parametros reoldgicos foi verificado queijos
com caracteristicas viscosas e firmes, sendo esses parametros afetados
pelos teores de umidade e proteina. A analise SDS-PAGE mostrou
inesperada variacdo no tipo de proteinas presentes nos queijos, com
predominio de bandas de caseinas em algumas amostras, enquanto
bandas de B-LG predominavam em outras. Essa ampla variagao foi
confirmada pelos resultados da razdo dos valores da densitometria
das proteinas CN/B-LG que foram maiores nas amostras auténticas
de queijo Minas Frescal. Esses queijos também mostraram reducao
dos valores de luminosidade, comportamento viscoso e maior
deformabilidade. Verificou-se a presenca de soro de leite na
composicdo de amostras de queijo Minas Frescal, contrariando o
processo enzimatico legalmente exigido para a elaboracdo desse
produto.

O método qualitativo desenvolvido e validado para a
inspecdo da autenticidade da composicdo de queijos Minas Frescal
suspeitos de serem elaborados com substituicdo de leite por soro de leite
apresentou resultados satisfatorios quanto aos parametros de validacéo e
a presenca em altas concentragbes de S-LG nos queijos Minas
Frescal elaborados com soro de leite permitiu utilizar essa proteina
como marcador para tal adulteragio.

Esse metodo vem sendo utilizado na avalia¢do da autenticidade
de queijos Minas Frescal no servico de Fiscalizagdo do Ministério da
Agricultura, Pecuaria e Abastecimento e auxiliando de maneira mais
efetiva no controle da comercializacdo de produtos adulterados, e dessa
forma contribuindo para a aquisicdo de produtos auténticos pelos
consumidores.
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Anexo A - Artigo intitulado “Rheological, physicochemical and
authenticity assessment of Minas Frescal cheese” publicado no
periddico Food Control (ISSN: 0956-7135).

Acesso do artigo em:
http://www.sciencedirect.com/science/article/pii/S0956713514001959
DOI:10.1016/j.foodcont.2014.04.012
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Anexo B - Artigo intitulado: “A control method to inspect the
compositional authenticity of Minas Frescal cheese by gel
electrophoresis” publicado no periddico Journal of Agricultural and
Food Chemistry (ISSN 0021-8561)

Acesso do artigo em: http://pubs.acs.org/doi/abs/10.1021/jf502864e
DOI: 10.1021/jf502864e
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Anexo C - Trabalhos parciais apresentados em eventos
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