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RESUMO GERAL

Objetivou-se, neste trabalho, avaliar a influéndm utilizacdo do
congelamento da massa nas caracteristicas redggftsico-quimicas e
microestrutura do queijo tipo mussarela. Foranizatlos quatros tratamentos:
Cultura termofilica e massa nao congelada (TnHjureutermofilica e massa
congelada (TF); cultura mesofilica e massa ndo eladg (MnF); cultura
mesofilica e massa congelada (MF). Os queijosnfofabricados seguindo
metodologia tradicional. Os valores de extensdomdgéuracdo de todas as
amostras dos tratamentos aumentaram durante alpetéoarmazenamento. O
congelamento da massa ndo afetou os atributos re@ssaroma, cor, sabor,
textura e avaliacdo geral. Caracteristicas fun@oda queijo tipo mussarela
foram afetadas pelo congelamento da massa e pelddicultura starter, porem
nao comprometendo a qualidade final do produtoa Ravaliacdo da influéncia
do congelamento da massa no comportamento reoldgie@ueijos durante o
periodo de estocagem, trés tipos de analise deraeidram utilizadas: perfil de
textura, teste de relaxamento e compressdo uniakimlas as propriedades
reolégicas estudadas apresentaram diferencasicagivds durante o periodo de
armazenamento. Em relacdo ao paradmetro durezgofsivel observar um
amolecimento de todos os queijos durante o perdedestocagem. Em queijos
obtidos pelo processo de congelamento da massaeocoraior dureza em
relacdo aos queijos mussarela convencionais aoolotg periodo de
armazenamento. Eletromicrografias de transmiss@imifimm avaliar que os
tratamentos afetaram as caracteristicas da mioubgst Foi possivel observar
comportamentos diferentes dos gldébulos de gorddeareatriz proteica entre os
tratamentos durante o periodo de armazenamento.clGse, que o
congelamento da massa com a utilizacdo de quattaseculturas utilizadas é
um processo tecnologicamente viavel para a proddigé@pieijo em questao.

Palavras-chave: Qualidade. Culturatarter. Microscopia eletrdnica de
transmissédo. Perfil de textura. Teste de relaxagampressao
uniaxial.



GENERAL ABSTRACT

The study was conducted with the objective of eatihg the influence
of freezing of curd upon microstructure, rheologgpdaphysicochemical
properties and of mozzarella cheese. Four treatimeete utilized: termophilic
starter culture and no frozen curd (TnF); termadplstarter culture and frozen
curd (TF); mesophilic starter culture and no frozard (MnF); mesofilic starter
culture and frozen curd (MnF). Cheeses were peeek$ollowing traditional
methodology. The values of extent of maturationabhfcheeses treatments
increased during storage period. Freezing of cliddnot affect the sensorial
attributes; aroma, color, taste, texture and olasglect. Functional properties
of mozzarella cheeses were affected by freezirauaf and starter cultures, but
did not compromised the final quality of producko evaluate the influence of
frozen curd in rheological proprieties of cheeseirdu storage period were
utilized texture profile analysis, relaxation temhd uniaxial compression.
Rheological proprieties show differences duringade period. Regarding to
hardness was observed softening in cheeses dudrage period. In cheeses
produced with freezing of curd occurred higher hasts compared with
conventional mozzarella cheeses, during the stqaged. Electromicrographs
obtained by transmission electron microscopy altberealuating that treatments
affected the characteristics of microstructure. whis possible to observe
different behaviors of fat globules and protein nixaamong treatments during
storage time. It may conclude that freezing oficwith both of starter cultures
studied, is a technological process feasible to ufeeturing of mozzarella
cheese.

Keywords: Quality. Starter cultures. Transmissit@t&on microscopy. Texture
profile. Relaxation test. Uniaxial compression.
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1 INTRODUCAO

O queijo tipo mussarela € uma variedade de pdsta foriginado na
regido de Battipaglia na Italia. Atualmente é urdpito com ampla aceitacéo
mundial, sendo processado na Europa, Estados UrBlasil, entre outros
paises, utilizando leite de vaca ou bulfala e aptasdo modificacbes ao
processamento original. E caracterizado por sequeijo de coloracdo mais
clara, macio e que possui boa elasticidade, sembdamente utilizado para a
preparacgédo de diversos pratos populares, comospizlesanhas.

O queijo tipo mussarela é obtido por filagem de unassa acidificada
(produto intermediario obtido por coagulacdo dé&eleior meio de coalho e/ou
outras enzimas coagulantes apropriadas), compladeemu ndo pela acdo de
bactérias lacticas especificas. Em funcdo do teamddade e matéria gorda em
extrato seco é classificado em média, alta ou nalitoumidade e extragordo,
gordo a semigordo (BRASIL, 1997). Segundo Heineal.g2009) o queijo tipo
mussarela é considerado um dos mais consumid@snadjrman natura ou
como ingrediente de salgados e pizzas.

De acordo com a Empresa Brasileira de PesquisapAgudria -
EMBRAPA (2012), a producéo de leite no Brasil verascendo desde o ano
2000. Entre 2000 e 2010 o Brasil manteve o quingal em producdo de
toneladas de leite, correspondendo a 5,3% da pliodowndial. Dentre os
estados brasileiros, Minas Gerais é o0 maior proddéoleite com producéo
média de 8.388 toneladas, representando 27,3%alméxional.

O mercado de queijos no Brasil vem crescendo ingnddgo por um
aumento de vendas no varejo e devido ao sucesdasidsods representando
um incremento no consumo de queijos destinadosearaercado. No total sdo
comercializados 50 tipos de queijo, dentre eled,@8rcas de queijo tipo prato,

353 de mussarela, 263 de minas frescal, 164 delom, 147 de minas padréao
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e 45 de queijo ralado (CHALITA et al., 2009). NaaBil, o queijo de maior
producdo em toneladas é o queijo mussarela (144¢069Geguido dos queijos
prato (102,480 ton) e minas frescal (28,875 toBRAPA, 2012).

Comparado com outros paises, o consumo de queifgraml ainda é
pequeno, aproximadamente 3 Kg/hab./ano, enquantd-raaca é de 23
Kg/hab./ano e na Argentina 11 Kg/hab./ano. E, desggase 50% do consumo
sdo dos queijos tipo mussarela e prato para ustadol porém o consumo de
queijos finos vem aumentando significativamenteZREDE, 2004).

A diferenciacéo e singularidade do produto (validdile e qualidade)
sao principalmente definidas no nivel internacigge@dh Europa, a partir da forte
influéncia da tradicéo francesa (CHALITA, 2010).

A estocagem de queijo tipo mussarela em temperdei@ngelamento
€ de interesse comercial significativo como um nugose evitar mudangas
fisico-quimicas no queijo durante a estabilizagéimlongando sua vida de
prateleira e minimizando fatores de logistica nanemwializacdo interna e
potencial exportagdo. No entanto, pesquisas argerio(GRAIVER;
ZARITZKY; CALIFANO, 2004; KUO; GUNASEKARAN, 2009; BBERO et
al., 2007) indicam efeitos adversos sobre as pdpdes reoldgicas,
propriedades funcionais e protedlise em queijogddean congelamento.

Uma alternativa para o congelamento do queijo sedangelamento da
massa pronta para a filagem, o que poderia evitgrrablemas causados pelo
congelamento do queijo.

Face ao exposto e a flutuacdo na comercializacaayubijo tipo
mussarela, o trabalho teve como obijetivo:

Verificar a viabilidade tecnolégica do congelamet® massa pré-

filagem obtida com fermento termofilico e mesofilic
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2 REFERENCIAL TEORICO

2.1 Producéo do queijo tipo mussarela

A producdo de queijo tipo mussarela pode ser digidias seguintes

etapas.

2.1.1 Preparacéo do leite

O leite € a matéria prima na fabricacdo de quéijo mussarela. Os
principais componentes do leite sdo agua, gorqudeina, acucar (lactose) e
enzimas (GUNASEKARAN; AK, 2003). Outros menores stitnintes incluem
vitaminas e cinzas.

A preparacdo do leite normalmente envolve contdge qualidade,
filtracdo, padronizacdo, pasteurizacdo e estoca@snuois principais objetivos
da padronizagcdo sdo: atingir a uniformidade dojguedbm o maximo de
rendimento e boa qualidade e uma utlizacdo eca®nde todos o0s
componentes do leite (SCOTT, 1998). Outras rapdea padronizar o leite
podem ser: producédo de queijo contendo difererdasentracées de gordura,
compensar alteragcdes no leite devido a sazonalidadsgas e ser capaz de
utilizar leite recombinado, quando existir faltaaderta de leite.

Uma qualidade satisfatoria do queijo tipo mussapelde ser alcancada
utilizando leite de vaca ou bufala padronizado @M a 6,0% de gordura,
respectivamente. Porém, o uso de leite com menantglade de gordura
resulta em uma textura com maior dureza e perddader (PATEL; VYAS;
UPADHYAY, 1986). O conteudo de gordura, o rendinoenat derretibilidade e o
6leo livre do queijo aumentam com o incrementordusis de gordura do leite.

Um teor de gordura de 2,5% é considerado, segumdle ¥t al. (2004), como
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um produto ideal para a utilizagdo em pizza. Quéjo mussarela fabricado por
Ali e Abdel-Razing (2011), com leite de vaca padrado com 5,0% de gordura
produziu resultados superiores aqueles obtidosletencontendo 0,3 ou 7,0%
de gordura.

2.1.2 Pasteurizacao

Pasteurizacdo ou tratamento térmico € a etapaaesso que melhora
a qualidade biolégica do leite, destruindo os mgainismos patdgenos, boa
parte dos deteriorantes e algumas enzimas. O ®atantérmico ocorre em
condi¢cbes controladas para prevenir temperaturasaaou abaixo da ideal.
Tradicionalmente, o queijo tipo mussarela é prattuzie leite cru. Porém, a
pasteurizacdo é recomendada para 0s queijos queosBomidos frescos,
porgue o processo de filagem ndo garante a de&drdie patégenos (CASERIO
etal., 1977). O tratamento térmico a 72°C ne lpéra fabricacdo de queijo tipo
mussarela aumentou a recuperacdo das proteinas soliftos totais. Embora
diminua a recuperacdo de gordura, amolece o coopquéijo, incrementa o
flavor e mantém a qualidade e a seguranca do alimentdHPAVYAS;
UPADHYAY, 1986). Segundo Abreu (2000), a pasteag@o do leite € uma
operacéo indispensavel na fabricacdo de queij@npar aquecimento acima de
72°C diminui a acdo da quimosina (enzima coaguladevido a insolubilidade
da parte dos sais de célcio, o que ira prejudicapagulacdo do leite e a
maturacéo do queijo.

2.1.3 Adicao de calcio

O caélcio tanto na forma ionizada (GQacomo micelar (coloidal ou

insolivel) tem um papel importante no processo deagulacdo. O calcio
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ionizado ajuda na formacdo da rede de massa pabedster pontes entre as
micelas coaguladas pelo coalho (renina e/ou pepsihaélcio micelar, sob a

forma de fosfocaseinato de calcio inorganico “setjado”, mantido em estado

coloidal intimamente ligado a caseina ajuda nanaéfo da firmeza do coagulo.

Quando se adiciona cloreto de célcio ao leite, zexduo tempo de coagulacao e
aumenta-se a firmeza da massa (KNIPSCHILDT, 1976).

O contelido de calcio afeta a extenséo e o graugoena agregacgao das
proteinas ocorre, determinando a estrutura basi@ textura dos queijos
(LUCEY; JOHNSON; HORNE, 2003; PASTORINO; HANSEN; N2HON,
2003). Tanto a concentragdo de célcio quanto onfldenciam a habilidade da
massa se tornar plastica durante o processo dgerila(LEE; JOHNSON;
LUCEY, 2005; MCMAHON; PAULSON; OBERG, 2005).

2.1.4 Coagulacao

Coagulacgédo é a etapa do processamento de queijergue objetivo de
aglutinar a proteina do leite, formando uma redead®inas unidas por pontes
de calcio, retendo agua, gordura e demais comggtiido leite, formando uma
estrutura em forma de gel. A massa é entdo opttiadessora do coagulo e
seguida de moldagem de acordo com as especificai®esercado. Esse
processo esté relacionado a perda de estabilidadaseina pela acao de agentes
guimicos e fisicos. A acidificacdo promovendo diesfizcacdo e a acdo das
enzimas proteoliticas desempenha um papel muitortamte na correta etapa
de filagem da massa (OLIVEIRA, 1986).

O coalho é o principal elemento da coagulacao e, leonstituido por
um complexo de enzimas com predomindncia da quiraosi pepsina. A
quimosina pura tem um poder coagulante de 1:5.000.& destruida por

cloroférmio, calor, formol e agentes oxidantes. Aa scaracteristica mais
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importante é ndo ser destruida pelos halogéniaso(ckltor, iodo) e pelo
perdxido de hidrogénio. A faixa de pH de atuacaagianosina é de 2 a 5,3,
sendo que o 6timo é pH 3,8 (ABREU, 2000).

Existem trés tipos de coalhos:

a) Coalho Bovino. O agente coagulante convenciondizatio na
producdo de queijos é o coalho de bezerro, qué&dx do quarto
estbmago de bezerros em lactacdo (YOUSIF; McMAHON;
SHAMMET, 1996). Este coalho é composto pelas emzima
quimosina e pepsina, em proporcdo de cerca de Bb-88
guimosina para 5-15% de pepsina. A demanda de agtisnde
bezerro para a extracdo de coalho € muito elevadag se torna
um fator que dificulta a producéo, devido ndo s@léw custo, mas
também & escassez da matéria-prima. Em bovinokosida
proporcdo € de 20% de quimosina para 80% de pepsina
(USTUNOL; HICKS, 1990).

b) Coagulante Fungico. Microrganismos coRbizomucor miehei, R.
pusillus, Endothia parasitica, Aspergillus oryza&pmex lacticssao
extensivamente usados para a producdo de proteipasa USO
como agentes coagulantes de leite. Os coagulamntesbianos sao
atualmente utilizados em cerca de 1/3 de toda @ugém mundial
de queijo e possuem capacidade proteolitica mai@qué o coalho
bovino(NEELAKANTAN; MOHANTY; KAUSSIHIK, 1999).

c) Genético. Outra alternativa para o coalho de bezesrmercado é
o chamado “coalho genético”, que é constituidoulengsina pura.

A sua obtencdo foi possivel gragas a tecnologia DA
recombinante, que permitiu a clonagem do gene gdifica para a

guimosina de bezerro em células dEscherichia coli,
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Saccharomyces cerevisae, Aspergillus oryzae, Kiagwees
lactics, A. nidulans, A. niger e Trichoderma reesei
(NEELAKANTAN; MOHANTY; KAUSSIHIK, 1999).

Importante fator a ser considerado com relacdooaguante utilizado
diz respeito ao seu efeito sobre o rendimento eesEdcaracteristicas sensoriais
do queijo, como sabor e textura, sendo a ativigdieolitica das enzimas que
exerce grande influéncia nesses fatores. Alémgadgdio Phe105-Met106 ma
caseina, cuja hidrélise determina a coagulacdomeétizia do leite, outras
ligacBes peptidicas séo hidrolisadas a taxas quenvale acordo com a enzima
utilizada (atividade proteolitica ndo especifi®®.enzimas coagulantes variam
amplamente com respeito a atividade proteoliticigemas sdo tdo ativas a
ponto de nao ser possivel o seu aproveitamento gpaducdo de queijos
duros. Geralmente, os coalhos microbianos aprewsemtaiores atividades
proteoliticas que os coalhos de bezerro e genétitdA; MAGALHAES.
ABREU, 1996).

Para o rendimento em base Umida, 0 mesmo comparanaeima
descrito foi obtido no que diz respeito as difeeengntre os coalhos e os valores
de pH. Diversos trabalhos publicados (LIMA; MAGALIES. ABREU, 1996;
LOPEZ-FANDINMO et al., 1997; USTUNOL; HICKS, 199€@gscrevem que a
maior atividade proteolitica de coagulantes mi@obs pode proporcionar
menor rendimento em massa de coagulo.

O leite possui diversas enzimas nativas, mas a sigisficante é a
plasmina, associada quase que exclusivamente danteecaseina em pH
normal do leite, mas dissociada das micelas quanatd é reduzido (NIELSEN,
2002; VISSER; VAN DEN BERG, 2002).

Boa parte da plasmina é desnaturada no queijortigsarela, gracas ao

processo de filagem da massa em altas temperdtieas8° a 60°C), porém a
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plasmina contribui para a protedlise deste quétieENEY; FOX; GUINEE,
2001).

2.1.5 Acidificacéo

A acidificacdo é o processo base para a producdonalaria das
variedades de queijo. Um tempo e taxa de acidéicaadequados é um passo
vital para a producdo de um queijo de qualidadgaatio uma série de aspectos,
como o controle e prevencado do crescimento de my@nismos patogénicos e
deteriorantes; o efeito na atividade do coagulaiignte o processamento e
maturacao; a solubilizacdo do fosfato de calcioidal que afeta a textura dos
gueijos; a promocéao da sinerese e com isso a cagapado queijo; a influéncia
sobre a atividade da enzima que afeta a qualidadiaeor (BARBANO, 1999;
FOX et al., 2000; MCSWEENEY, 2007).

A acidificacdo do leite pode ser conduzida normalmeatravés da
producdo de acido lactico por culturasarters apesar da utilizacdo de
acidificacdo direta sem a utilizacdo de cultustarters para a producdo de
algumas variedades de queijo, como tipo mussaceltage ou feta estad em
crescente uso (FOX; MCSWEENEY, 2004).

Os microrganismos sao classificados de acordo cemaaemperatura
otima de crescimento. Bactérias mesofilicas, cbawiococcuse Leuconostoc
possuem temperatura Otima de crescimento entre 25°80°C, enquanto
bactérias termofilicas tais como LactobacillBgeptococcusspthermophiluse
Lactobacillus delbrueckissp.bulgaricus possuindo temperatura 6tima de 40°C

a 45°C (DURLUOZAKYA et al., 2001; MARTH; STEELE, 2001).
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Para a producdo do tipo mussarela pode-se utiteeptococcus
thermophilus e Lactobacilus delbrueckiissp. Bulgaricus microrganismos
starters termofilicos homofermentativos. Ambos transportlotose para a
célula via sistema de permease, onde é hidroliaagidactose e glicose pdla
galactosidade. A glicose é entdo metabolizada welaglicolitica, enquanto
algumas cepas ndo conseguem metabolizar a galasErsdo esta excretada
para fora da célula. Outro microrganismo termadafilihomofermentativo
utilizado para a producéo de mussarelaLatobacillus helveticysjue possui a
habilidade de metabolizar a galactose via glucefesfato usando a rota de
Leloir (WALSTRA et al.,1999). S. thermophilue L. helveticusproduzem
acido latico L(+) enquanta. delbrueckiissp.Bulgaricus produz acido latico

D(-).

2.1.6 Culturasstarters

Podemos definir as culturas como:

a) Mesofilico

Cultura associada dominada paactococcus lactissubsp. lactis,
Lactococcus lactis subsp. cremoris e Lactococcetsslaubsp. diacetylactis.

As culturas lacticas mesofilicas sdo utilizadagdarente na fabricacao
de queijos frescos, de massa crua e de massa g&aic0s queijos podem ter
olhaduras ou massa compacta, sem aberturas. Paltes® efeito desejado no
queijo, o fermento podera ter poder acidificantepnmtizante ou uma
combinacao dos dois. No Brasil, culturas tipo “@’hase déactococcus lactis

ssplactis e Lactococcus lactisspcremoristém sido comumente empregadas na
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fabricacdo de queijos Prato, Minas, Mussarela et$aulin (FURTADO,
1990).

Algumas cepas deé. Lactis metabolizam citrato, presente no leite, a
diacetil, componente de sabor importante e libedadrido de carbono (C£
em algumas reacdes. Elas s&do consideradas cit@dibivas (Cit +) ou
biovariantesdiacetylactisde L. lactis O L. lactis € homofermentativo e
metaboliza lactose produzindo (L+) lactato pela gimolitica (STANLEY,
1998).

O uso de mesofilicos é comum na fabricacdo de apipira consumo
direto, j& que na elaboragdo a massa ndo é aqudeidaaneira geral a
temperaturas superiores a 40°C. Mantém-se, assiteor de umidade mais
alto na massa. Assim, a massa ap0s a dessorageenficma camara fria (8 -
10°C) ou em imersdo em agua gelada; no dia seguieitea-se a temperatura
ambiente até que se atinja a acidez ideal patagef (FOX; MCSWEENEY,
2004).

b) Termofilico

Cultura associada dominada po6treptococcus thermophilus,
Lactobacillus delbrueckii subsp. bulgaricus, Lactoitlus helveticus.

Esta cultura, a base d8treptococcus thermophilus Lactobacillus
bulgaricus, possui fortes produtores de acid®. (thermophilus inicia
rapidamente a producdo de &cido durante a elalmrpoé ser menos sensivel
do quelL. bulgaricusa temperatura de cozimento); € geralmente empreyada
processo de elaboracdo da mussarela para pizzaiequer um queijo com
menor teor de umidade e de corpo mais firme. Enamegrse a cultura
termofilica, a massa pode ser filada no mesmo elifaldricacdo — geralmente
em torno de quatro a seis horas ap0s a adicaamerieco (FURTADO, 1990).
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De acordo com Stanley (1998), a galactose acumuiadmeio pode
causar problemas em certos produtos lacteos, pon@r, ela pode agir como
uma fonte de energia para bactérias do acido ¢aati&o iniciantes em
variedades de queijos suicos aumentando o desénmeoko de sabor
indesejavel e, em mussarela para pizza a galapmde causar “browning”
(reacdo de Maillard) durante a tosta da pizza. @irmmportante diferenca
taxondmica e econdmica das bactérias do 4cidetértirmofilicas se relaciona
as habilidades para metabolizar a galactose: semelnt helveticus (e
possivelmente poucas cepas #e bulgaricug pode realizar essa agéo

metabdlico, enquanto 0s outros excretam galact@segmeio.

2.1.7 Sinerese

O coagulo obtido por acidificacdo ou acdo de erzimaleite, quando
cortado ou quebrado, provoca a contracdo da mdgizparacaseina e a
consequente expulsdo da fase aquosa presente. nBggel processo de sinerese
permite o controle da umidade do queijo, da attkéddos microrganismos e
acdo das enzimas, da bioquimica da maturacdo €tatslielade do queijo (FOX
et al., 2000).

A massa deve ser cortada cuidadosamente em cubpslio O
processo de sinerese resultante da contracdo mauestproteica do leite é
favorecido com o aumento da temperatura, menorntamdos gréos, reducao
do pH e intensidade e duracdo da mexedura. A umifitaal depende da taxa de
contracéo da estrutura proteica (JERONIMO, 2005).

O corte da coalhada para a producdo de mussargl sk feita
objetivando-se a obtencdo de grdos de tamanho tz@mela uma ervilha
visando eliminar o soro, originando uma massa cotap@ara que 0sS graos

percam a quantidade adequada de soro é necessdjitagio ou mexedura da
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mistura soro e grdos, mantendo esses grdos dispérssa agitacdo deve ser
continua com movimentos lentos no inicio, devidagilidade dos grdos. A
medida que os gréos se tornam mais firmes devilisgora, a agitacdo pode ser
mais intensa (OLIVEIRA,1986).

a) 12 Mexedura

Deve ser realizada lentamente por 10 minutos ad@émfavorecer a
liberacdo do soro e consequente a perda de umigedando o grédo mais firme
e menos quebradico. Deve ser realizada de forma feata, evitando-se
quebrar excessivamente os grédos, preparando-os gpa@gunda mexedura
(WALSTRA, 2006).

b) 22 Mexedura

E realizada com movimentos mais intensos quandopam@do aos
realizados na primeira mexedura e tem a finalidégleetirar o0 soro dos gréos
(sinérese) até alcancar o ponto (FOX; MCSWEENEWYA20

2.1.8 Fermentacéo

A acidificacdo da massa é uma etapa imprescindévaleve ser
cuidadosamente controlada, pois a conversdao dalcioeparacaseina em
dicélcio-paracaseina, realizada pelo acido lactiuante a exposicdo a alta
temperatura da agua é que daréa a elasticidade adieqo queijo (TEIXEIRA,
BASTIA NETTO; OLIVEIRA, 2005).

Para que ocorra a acidificacdo, a massa deverd &gposta a
temperatura ambiente (quando se tratar de culteisofitica) até atingir o pH

ideal, que varia de 4,8 a 5,4.
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Quando se trabalha com cultivos mesofilicos se seapre uma
combinacao déactococcus lactissplactis (denominacao antigstreptococcus
lactis) e lactococcus lactisssp cremoris (denominacdo antig&treptococcus
cremori§ (FURTADO, 1997). Estes tipos de cultivo sdo migstos para
produzir acidez e geralmente s6 permitem a filagarmassa no dia seguinte a
fabricacdo (FURTADO, 1997).

Tem-se observado na pratica, que a inclusdolLdéelveticus é
interessante, pois, de acordo com Oberg et al.1j1B8uve um aumento na
elasticidade e um decréscimo no escurecimentajgang. helveticuslegrada a

galactose reduzindo o efeito de “browning” em mredaa.

2.1.9 Filagem

Pelo termo “filata”, entende-se 0s queijos cuja gaafermentada é
submetida a um tratamento térmico que Ihe confer@ plasticidade singular. O
gueijo passa entdo a apresentar uma estruturadilmaracteristica, com fibras
orientadas na mesma direcdo em resultado do poodeslagem. Essas fibras
podem ser alongadas consideravelmente sem se roEgser elasticidade esta
relacionada a dois fatores fundamentais: a prespreggominante de caseina
intacta e & concentracdo tipica de calcio na m&&#RTADO, 1997).

A caracteristica que permite a mussarela ser datioa filada é dada
pela remocgédo de calcio da massa durante a ferndienta@ssa capacidade da
massa de sofrer esticamento é um fendmeno quiRicando o coalho (renina)
€ adicionado ao leite no pH=6,2 é formado o paswcat dicélcio que é
insoluvel e sofre precipitacdo, originando uma remensional, a massa do
gueijo. Com a subsequente atuacao do &cido lgroalzido pela fermentacao

bacteriana ou adicionado ao leite), o paracaseidatélcio € convertido a
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paracaseinato monocélcio, que apresenta as céstcex de esticamento
(CORTEZ, 1998).

2.1.10 Adicao de sal

A adicdo de sal, além da caracteristica sensar@lcqnfere ao produto,
possui algumas interferéncias tecnolégicas de dsser para a inddstria.
Concentragbes moderadas de NaCl aumentam a volledestas micelas de
caseina nativas (FAMELART; LE GRAET; RAULOT, 1998)as coaguladas
por enzimas (CREAMER, 1985). Observacdes em miomac eletrdnica
indicam que o volume da matriz de caseina aumentavelume da fase
intersticial diluida diminui em mussarela salga@AYLSON; MCMAHON;
OBERG, 1998).

A hidrdlise daosi-caseina por enzimas coagulantes no leite é fortieme
influenciada pela concentracao de NaCl. A atividadeeolitica da quimosina,
pepsina e coalho obtidos pBhizomucor miehe¢ Cryphonectriaparasitica e
diluido em fracdes de caseina sdo estimuladasapetento da concentracao de
NaCl, até uma concentracdo O6tima de 6% w/w (GOUDARB7). Em
concentracdes superiores de NaCl, ocorre uma &thifa atividade, mas uma
protedlise limitada pode ocorrer sobrecg,-caseina ao nivel de 20% w/w de
NaCl (GOUDA, 1987).

Em todo o caso, a degradacdo da-caseina € retardada por
concentragcbes muito baixas de NaCl em mussareB6%dil, w/w) (GUO;
GILMORE; KINDSTEDT, 1997).

Apds a moldagem e resfriamento, os queijos sd@dasgem salmoura

mantida em temperatura de 10 a 12°C, por 18 harasgada quilo de queijo em
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forma de bloco. Por 20 minutos para queijos em &onde bolinhas (40 gramas
cada) e 10 minutos para queijos em formato deogafR0 a 30 gramas cada).
Apo6s a salga, os queijos podem ser embalados GuiTitos.

Para a preparacdo da salmoura calcula-se a quimtiia3 litros para
cada quilo de queijo. Para cada 10 litros de ague-de utilizar 2,2 a 2,4 quilos
de sal (FOX; MCSWEENEY, 2004).

2.1.11 Estabilizagéo

Durante o periodo de estabilizacdo do queijo ooormansformacfes
necessarias para 0 desenvolvimento de suas céstcter desejaveis,
ocasionadas pela atividade proteolitica do tipouleira e do agente coagulante
residuais no queijo. Nesse periodo a matriz pategomposta de caseina
insollvel, dilata-se a nivel microestrutural, formda gel hidratado.
Paralelamente, ocorre a solubilizacdo progressiv&abeina intacta devido a
acdo do NaCl proveniente da salga do queijo. Nessedo ocorrem duas fases
distintas no desenvolvimento da textura, decorrdatpapel desempenhado pela
as; € B-caseinas. Na primeira fasesg-caseina intacta, que impde rigidez a
matriz do queijo, experimenta uma hidrélise pelerag coagulante, surgindo o
as-l peptideo, resultando no enfraquecimento da weleaseina do queijo,
responsavel pelo desenvolvimento das propriedagiesionais ou reoldgicas
durante os primeiros 14 dias, tornado a texturaabbenta da massa do queijo
jovem em um produto mais liso e homogéneo. Duramtgeriodo de
armazenagem e em altas temperaturass;@aseina restantes sdo desdobradas.
A segunda fase envolve uma mudanc¢a gradual naraedtuqueijo, onde B-
caseina intacta torna-se um fator significativonmenutencéo da estrutura do

queijo em temperatura mais elevada (WALSTRA, 2006).
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A atividade proteica tem sua acdo auxiliada pelr e umidade
acumulada na matriz proteica, derivada da fasédgadura, que contribui para
0 desenvolvimento das caracteristicas dos qué¥osgueijo tipo mussarela a
distribuicdo de agua é diferente dos outros queijgsultando na sua
microestrutura incomum causada pela filagem (FOXSWEENEY, 2004).

Queijos que passaram pelo processo de coagulagdméatica sdo
maturados por um periodo de duas semanas, por Exeanmussarela, até dois
anos ou mais, como o parmesdo. A maturagdo € ooegs0 muito complexo
no queijo e se encarrega de mudancas bioquimiog@srebiol6gicas na massa
gue resultam em desenvolvimento das caracteristiedtavor e textura de
diferentes variedades (FOX et al., 2000).

A temperatura recomendada para o armazenamentigerafio de
produtos lacteos situa-se entre 4°C a 8°C, sen®ld AGemperatura maxima
admissivel para a estocagem de todos os alimerdoscipeis (HOBBS;
ROBERS, 1993). A adicdo de bactérias produtoraécdio lactico destinado a
fabricacdo de queijo, além de fermentar a lact@sebém é de extrema
importancia para prover enzimas proteoliticas caeorecam a degradacéo
proteica durante o processo de maturagédo (VISSE88)10 uso de cultura de
L. helveticusaumenta a protedlise do queijo. Assim, a protediesa sido
confirmada como o evento mais importante, pois sdmente intervém no
desenvolvimento do sabor como também contribui paranudancas texturais
do queijo (SOUZA; ARDO; MCWEENEY, 2001). A producde peptideos de
baixo peso molecular e aminoacidos livres é restdtadas proteinases e
peptidases das bactérias lacteas sobre os peptiieadto e baixo peso
molecular produzidos a partir da hidréliseadl-caseina pela quimosina (FOX
et al., 1996). Na mussarela, devido ao curto tedgenaturagdo, o principal
agente de cura é o coalho responsavel pela pisgeg@limaria do queijo
(CREAMER, 1976).
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A protedlise ocorre em funcéo de alguns agenteside dependendo da
variedade do queijo: coagulante residual; enzinaaisrais do leite, por exemplo
a plasmina; fermento latico e suas enzimas; femmneetundario, como as
bactérias propibnicas, leveduras, mofos e suas meszi e bactérias
contaminantes (FOX et al.,1988).

2.2 Congelamento

Ha um interesse comercial nos efeitos do congelaiméos queijos
visando prolongar a sua vida util ou adaptar o peacesso produtivo a
variacdes de mercado. Isso se torna especialmmpiertante para produtores
gue enfrentam flutuagbes de mercado e sazonalidddegproducdo. O
congelamento, a estocagem em temperaturas de aoregeb e o derretimento
podem afetar as propriedades fisicas do queijo. mdhores condi¢des
reportadas para alguns tipos de queijo foram asodgelamento logo apos a
salga, procedendo com a maturacdo apés o descomegita (FONTECHA et
al., 1996).

Existem relativamente poucos estudos sobre o efleitoongelamento,
sobre as caracteristicas fisico-quimicas e sobraiawestruturas do queijo
(FONTECHA et al.,1996; PEREZ-MUNUERA; LLUNCH, 1999E£JADA et
al., 2002). Esses estudos mostraram que as nadifs das propriedades
fisico-quimicas do queijo tipo mussarela devidopemcesso de congelamento
variam muito, dependendo da metodologia e das coeslide operacdo do
congelamento, estocagem e descongelamento.

Chaves, Viotto e Grosso (1999) observaram que mterdiente apés o
descongelamento, amostras de queijo tipo mussaptasentaram maior
capacidade de derretimento, mas apdés uma semasiadagem a 4°C nao foi

encontrada diferenca entre as amostras resfriadaquelas descongeladas.
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Califano e Bevilacqua (1999) reportam que a congdoste 4cidos organicos
em amostras de mussarela que foram congeladas’@ afles da maturagdo
completa ndo diferiram significativamente das anasstefrigeradas a 4°C com
0 mesmo tempo de estocagem. Kuo e GunasekaraB)(@®®parou o periodo

de estocagem a 7°C e -20°C em relacdo ao derrébmelasticidade e a

microestrutura de mussarela pasta filata e nomfidesia. Eles concluiram que a
mussarela pasta filata deve ser estocada por umanasea 7°C antes de ser
congelada e pode ser mantida por quatro semar285@ para se obter um bom
derretimento e elasticidade, desde que o produddb $eja resfriado por sete dias
antes do consumo.

O processo de congelamento é hoje pratica corpemtparte de alguns
produtores de queijo, mas na generalidade aplicarapiricamente sem
conhecimento dos respectivos efeitos, negativopositivos. Os danos podem
depender do tipo de queijo (composicao e tecnolbgiproducéo), condigcbes de

congelamento/descongelamento e mesmo dos paramsawss para avalia-los.

2.3 Propriedades funcionais

A funcionalidade do queijo é definida pela suaagia, fisico-quimica e
microestrutura, que afeta 0 comportamento do quegijalimento durante a sua
preparacdo, processamento, estocagem, cozimentmraumo (FOX et al.,
2000). As propriedades funcionais sdo essencéiss gieterminar a qualidade e
aceitacdo do queijo tipo mussarela (KINDSTEDT; CARMILANOVIC,
2004). Podemos nomear as propriedades funcioonai® cendo: elasticidade,
derretibilidade, escurecimento e formacdo de O6leoe lem queijo tipo
mussarela, sendo estas altamente dependentes gesigsio e estrutura do
gueijo. Umidade, pH, gordura, minerais e a prosedlinterferem nas
funcionalidades do queijo (GUINEE et al., 2002; KISITEDT; GUO, 1997;
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METZGER et al., 2001). As caracteristicas de textwlos queijos sao
determinadas pelas propriedades estruturais coddsrda matriz proteica e dos
glébulos de gordura presentes no meio (LOBATO-CARIIS et al., 2007).

a) Derretibilidade

A habilidade das particulas do queijo fluirem emaumassa fundida
continua e uniforme é definida como derretibiliddgdNDSTEDT, 1993). O
contetdo de gordura e as interacdes entre asmastedm a dgua sdo os dois
principais fatores determinantes para a derraddnlé da mussarela
(MCMAHON; FIFE; OBERG, 1999). O tipo de matriz peaa desempenha um
papel chave na determinacdo da derretibilidadeuggagtipo mussarela (GUO;
GILMORE; KINDSTEDT, 1997; MCMAHON; OBERG, 1998; MCNHON,;
FIFE; OBERG, 1999). E sugerido que durante a maturagio, a®ipast
absorvem soro das imediacGes, aumentando a diidlatle pela transferéncia
de agua dos canais da interacdo gordura soro pgaedra proteica, resultando
em uma diminuicdo das interacBes hidrofébicas natriznaproteica
(MCMAHON; FIFE; OBERG, 1999). A homogeneizacdo redutamanho do
glébulo de gordura proporcionando um tamponante foa matriz de caseina,
resultando em um decréscimo da derretibilidade (K 1994). A
derretibilidade dos queijos também depende dodgooagulante. Trés tipos de
coagulantes sdo utilizados na producdo de mussapetdease Endothia
parasitica quimosina e proteadducor miehei Durante 50 dias de estocagem a
4°C observa-se que queijos produzidos candothia parasiticaobtiveram
maior derretibilidade, menor viscosidade aparentemr liberacédo de 6leo do
gue o0s outros queijos, sendo que o0s outros dotantemtos possuiram
caracteristicas funcionais similares (YUN; BARBANKINDSTEDT, 1993).

b) Elasticidade
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Elasticidade é a tendéncia de algo formar um fimofio estendido
(KINDSTEDT, 1993). Essa propriedade Unica do qufjo mussarela torna o
seu uso adequado como ingrediente de pizza (GUINEEALLAGHAN,
1997). Pelas ac0es, pelo calor e movimentos ¢édya massa é transformada
em uma estrutura fibrosa, processo conhecido cdegef. Essa plastificacdo
necessita de um rearranjo da matriz de paracaseimaaprisionamento de
gordura e 4gua em grandes bolsas paralelas as fibrproteina (FOX et .al
2000). O tratamento térmico aplicado & mussaretante a filagem também
afeta a microbiota e as propriedades proteolitdasante os periodos de
estabilizacdo e estocagem. Entretanto, quando petamra de filagem for
abaixo de 60°C, as bactériasarters termofilicas e coagulantes residuais
permanecem ativas no queijo durante a estabiliz@GINDSTED et al, 2004).
Durante a estabilizacdo, a protedlise resulta meeato de porosidade da matriz
de caseina e, por isso, a resisténcia da elastecilaliminuida (BERTOLA et
al., 1996; TUNICK et al 1997). Durante a estabilizacéo as interacOdeipa
proteina e proteina-calcio submetem a reversdaapaem a dissociacdo do
célcio e a interacdo da agua com fibras de parmeastsso, por sua vez,
desencadeia mudangas na microestrutura e no dégerestto de mais fluidez,

elasticidade e menos consisténcia adesiva.

c) Oleo livre

A formacao de 6leo livre é geralmente conhecidaccom vazamento
de 6leo ou desprendimento de gordura liquida desande queijo derretido,
formando bolsées na superficie do produto. Ol limitado ou excessivo é
considerado defeito de qualidade do queijo tiposawgda. A liberagédo de 6leo

ocorre por uma falha na matriz proteica, consegmesmte permitindo a
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combinacdo dos glébulos de gordura e a movimentped® a superficie de
bolsas de dleo (ROWNEY et.al1999). Existe uma correlacdo entre a
magnitude da aglomeracdo e o tamanho do glébulogatdlura para a
consisténcia do glébulo e a interacdo da interfdee e agua (CANO-RUIZ;
RICHTER, 1997; OBERG; MCMANUS; MCMAHON, 1993). Afe¢do mais,
na producéo de queijo o perfil de derretimento al@gra do leite também foi
correlacionado com o contetdo de 6leo livre na amets (ROWNEY et a|
1999).

2.4 Reologia

Qualquer material sob uma forga externa apresendaresposta entre as
duas extremidades do comportamento ideal, um sélidstico e um liquido
viscoso (GUILLET, 2010; GUNASEKARAN; AK, 2003). A aior parte dos
alimentos se comporta como um material viscoeldstRor esse motivo,
dependendo da tensdo aplicada e da escala de tempogrpo sélido pode
apresentar propriedades da fase liquida e um milatiejiido pode apresentar
propriedades de um corpo sélido. O comportamesizoeiastico de alimentos é
estudado em redmetros que cisalham a amostracpeaeterizacdo da textura
de produtos alimenticios, utilizando parametroslégicos em tracdo e
compresséo (ISHIHARA et al., 2011; KARAMAN et a&011; KUMAGAI et
al., 2009). Propriedades reoldgicas e de texturaguiijo sdo afetadas por
inimeros fatores, muitos deles também influencianilagor, aparéncia e
propriedades funcionais, importantes para o corgamiTextura pode ser
descrita em dois termos fundamentais: avaliacaiextara através da estrutura
fisica do material e a observacéo visual e de elagerceptiveis do material
(SZCZESNIAK; KLEYN, 1963).
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A microestrutura do queijo tipo mussarela exibendes globulos de
gordura uniformemente distribuidos por uma matomgacta de proteina com
pouca agregacao (TARANTO; YANG, 1981).

2.5 Analise de perfil de textura

A analise de perfil de textura (APT) é um método al@liar as
propriedades sensoriais dos alimentos, comprimisdatniaxialmente duas
vezes em um movimento reciproco, simulando a agdmandibula. Desta
forma a andlise realiza uma primeira compressaoidgggor um relaxamento e
uma segunda compressao, obtendo-se um graficagladm relacdo ao tempo,
baseado no qual se calcula os parametros de texB@WJRNE, 2002;
HERRERO et al.,, 2007; LAU; TANG; PAULSON, 2000).des parametros
podem ser definidos como: Dureza (Hardness, F2)fdrca necessaria para
atingir dada deformacéo; Fraturabilidade (Fracilitad-3) € a forca necessaria
para fraturar o material; Coesividade (Cohesivern&gs/A1.5) € a extensdo até
a qual o material pode ser distendido antes de epnmpeversivelmente;
Elasticidade (Springness;stt;») € a velocidade com que o material deformado
volta a sua condicdo original apés ser retiradargafdeformante; Adesividade
(Ashesiviness, &) é a quantidade de for¢ca para simular o trabadfoessario
para sobrepor as forcas de atracdo entre a stupatfialimento e a superficie
em contato com este; Gomosidade (Gumminess, dureaasividade); energia
requerida para desintegrar um alimento semissalié® ponto de ser engolido;
Mastigabilidade (Chewiness, elasticidade x gomalgjl& a energia requerida
para mastigar um alimento sélido até o ponto deesgpolido; Resiliéncia
(Resilience, Az A1, € a medida de quanto a amostra se recupera de sua
deformacdo, tanto em termos de velocidade quantoetagdo & velocidade e

suas forcas derivadas.
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A andlise de perfil de textura e testes similaesampresséo uniaxial a
temperaturas entre 10 e 20°C sao utilizados paractesizar a dureza e a
firmeza do queijo. Durante essas analises o qigijpo mussarela apresentou
uma significativa tendéncia ao amolecimento duranteempo e o nivel de
protedlise (KINDSTEDT et gl 1995; YUN; BARBANO; KINDSTEDT, 1993).
O mesmo foi observado com o aumento do conteldmidkira e agua (TUNIK
et al., 2000) e com o decréscimo de calcio (GUINEEI, 2002). Os efeitos do
tipo de leite, padronizacdo, relacdo proteina/garduratamento térmico,
homogeneizacdo, pH de coagulacao, tipo de coagukrdomposi¢cdo foram
observados como sendo influentes na reologia dijodigo mussarela (JANA,
UPADHYAY, 1992; MASI; ADDEO, 1984; PATEL; VYAS; UPBRHYAY, 1986;
TUNICK et al., 1991). Queijos produzidos com lejp®ssuindo relacao
proteina/gordura baixa (0,05) demonstraram menorezdy coesividade,
mastigabilidade e gomosidade do que queijos prddezcom maior relacéo
(0,09) (RAVI SUNDAR; UPADHYAY, 1991).

O queijo tipo mussarela se comporta como um mateemissolido
viscoelastoplastico a temperatura ambiente enquarg@xibe viscoelasticidade
em temperatura de 60°C. Sua tensdo de cedénciauiigradualmente com o
aumento da temperatura na medicdo de textura pOmeteo capilar
(MULIAWAN et al.,, 2007). O queijo tipo mussarela rapenta baixo
derretimento, liberacdo de gordura, sabor acidoidame superficial, pobre
coesividade e descoloracdo apdés o descongelamgi®Em as suas
caracteristicas normais retornam de 1 a 3 semaas @ degelo (GHOSH,;
SINGH; KANAWJIA, 1990). A reducéo do contetdo dedyoa (3,5 para 2,0%)
do leite para a fabricacdo do queijo tipo mussaedsva a coesividade, a
gomosidade e a mastigabilidade e reduz a eladiei#ALLE et al., 2004).

Grande parte da percepcado do alimento esta retataoao mecanismo

de fratura. A textura é baseada pela combinac¢@prdasiedades mecéanicas e de
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fratura e as suas modificacfes e expressfes sEagturante a mastigagdo. A
dificuldade da andlise neste caso possui iniUmerdsres. A grande

complexidade mecéanica dos alimentos, o process@miuec e a mastigacao
combinam muitos aspectos que a ciéncia necesgitaasepara quantificar e

analisar o alimento presente na boca, pois permac@ttinuamente mudando
suas propriedades, temperatura, conteido de umédpdHe Por este motivo sédo
utilizados dois tipos de abordagens sobre a texoraalimento: aplicacdo de
deformacdo mecénica para analisar a resposta merdd e a correlagdo dos

resultados com os de um painel sensorial (KILCA9B9).

2.6 Viscoelasticidade e modelos reoldgicos

A maioria dos alimentos apresenta caracteristaas de solido elastico
como de liquido viscoso, podendo assim ser expligad teorias de elasticidade
e viscoelasticidade (CUNHA, 2002). As propriedadesdgicas de um material
viscoelastico (mddulo de elasticidade, médulo d&lez, etc.) sdo funcdo do
tempo de aplicacdo da tenséo ou da deformacadagaes entre 0s elementos
estruturais do alimento irdo ocasionalmente se rquediu reorganizar, o que
explica a dependéncia do tempo no comportamenttbgieo do produto
(LUCEY; JOHNSON; HORNE, 2003). Um material viscaiéo pode
responder linear ou ndo linearmente (RAO, 1992)uA$ materiais apresentam
comportamento viscoelastico linear apenas até tiente de deformacédo (em
geral muito pequeno). Isso ocorre porque quandef@macao é pequena ou é
aplicada de forma suficientemente lenta, os arsanjoleculares estdo muito
préximos ao equilibrio. Neste caso, a resposta nieé@ apenas uma reflexdo
dos processos dinamicos ao nivel molecular que mummstantemente e que

ocorrem mesmo quando o sistema esta em equilUdIHA, 2002).
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A segunda classe de materiais viscoelasticos, odiméares, exibem
propriedades mecénicas que variam ndo apenas tempo, mas também com
a magnitude da tensdo aplicada. Esse tipo de milapote ndo apresentar
nenhuma zona elastica e, em gera,l é representadelpcdes nao lineares entre
a tensédo e a deformacéo (RAO, 1992).

2.6.1 Teste de relaxacéo de tenséo

O comportamento reolégico de materiais idealmeldstieos muitas
vezes nédo é suficiente para explicar o comportamdatalimentos soélidos e
semissolidos. A grande maioria dos alimentos aptasearacteristicas de
sélidos elasticos e liquidos viscosos, sendo diemdos como viscoelasticos.
Teorias de elasticidade podem explicar o compomémngesses materiais e, por
este motivo, 0 conhecimento dos conceitos basmawo forca, deformacéo,
deformacao relativa e tensdo, sdo importantesgemeever seu comportamento
reolégico (RAO, 1992).

Embora a principio o ensaio de relaxacdo posséederem qualquer
configuracdo (tracdo, compressao, cisalhamentgadorflexdo, etc.) o mais
comum em estudos de queijo é a compressdo. Quamdo deformacao
instantanea constante é aplicada a um materiabel&stico em condicédo
isotérmica, a tensdo necessaria para manter eksandedo ndo é constante,
mas diminui com o tempo (GUNASEKARAN; AK, 2003). Aaurvas de
relaxacdo podem ser utilizadas para calcular o fodthielasticidade em fungéo
do tempo. No caso de alimentos, é importante gdefa@macao aplicada seja
suficientemente pequena para minimizar a ocorrédeialteracdes estruturais
no material (CUNHA, 2002).

2.6.2 Modelo de Maxwell
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O modelo de Maxwell possui dois elementos simples gpmbinados
de formas distintas representam diferentes comperitns. Esses dois
elementos sdo o elemento elastico ideal, que padespresentado como uma
mola e cujo comportamento é definido pela constatitsticaE, e o elemento
viscoso ideal que é representado por meio de umrtecedlor e cujo
comportamento é definido pela sua viscosidadeAMPUS et al., 2010). Este
modelo é a mais simples analogia mecénica parasepiar a viscoelasticidade,
obtida pela associacdo de uma mola de mdd@m série com um amortecedor
gue contém um fluido de viscosidagde

O modelo de Maxwell é comumente utlizado para igé do
comportamento de relaxacdo da tensédo, pelo fatsstzciacdo em série resultar
em tensBes iguais nos dois elementos (mola e amedds, enquanto a
deformacdo, ou alongamento total, € a soma dasrnd@fées nos dois
elementos.

No modelo de Maxwell com uma deformacédo constaf)e & tenséo
(o(t)) ap6s um tempo t (NOBILE et al., 2007) é dada p

a(t) = g [E. exp (—3 + EE)] (01)

ondeE é o mdédulo de elasticidade do matersa® o médulo de elasticidade de

equilibrio el € o tempo de relaxacdo, dado pta.

Alguns alimentos viscoelasticos ndo seguem o moasleiplificado de
Maxwell, necessitando de modelos mais complexosa pdescrever seu
comportamento. Um exemplo desse caso é o modditadeell generalizado,
que consiste em um numero infinito de modelos dewWédd mais uma mola em

paralelo.
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As curvas de relaxagdo (tens&rsustempo) podem ser ajustadas por
meio da equac¢do 02, que fornece parametros visticelh do modelo

generalizado de Maxwell.

a(t) = g [Elexp(—i) + Elexp(—i) +... +EE} (02)

ondeE], E2... sdo os médulos de elasticidade do corpo etaistaal €\, e X, ...
sdo os tempos de relaxacdo. A viscosidade do eternggode ser calculada

conforme a equacéo 03:
n; = E; 4 (03)

As propriedades de elasticidadee(E1, E2...) quantificam a rigidez do
material (RODRIGUEZ-SANDOVAL, 2009).

Em relacdo ao tempo de relaxac@p Bhattacharya (2010), Campus et
al. (2010) e Nobile et al. (2007) afirmam que mesovalores dessa propriedade
indicam materiais mais elasticos e consequentenmesite firmes. Quanto maior
os valores da viscosidade)) (maior o comportamento sélido do material
(RODRIGUEZ-SANDOVAL, 2009).

Rensis, Petenate e Viotto (2009) utilizaram oetelt relaxacdo para
caracterizar reologicamente queijos tipo prato deor reduzido de gordura
ap6s 30 e 60 dias de armazenamento refrigerado.o@elm de Maxwell
generalizado utilizado neste estudo foi capaz derdeer satisfatoriamente o
comportamento viscoelastico dos queijos, ja queuags experimentais obtidas
apresentaram boa correlacdo. Em um estudo soboenpoctamento reolégico
de sementes de trigo e canola, Bargale, Irudagakégrquis (1995) concluiram
gue o médulo de elasticidade e a maxima tensamui@to foram fortemente

influenciados pela umidade das sementes, sendcesges valores variaram



37

inversamente com o teor de umidade. O modelo deMglbxom trés termos de
decaimento exponencial foi o que melhor descrevprooesso de relaxacéo de

tensao.

2.6.3 Modelo de Peleg

Com o objetivo de simplificar a analise dos paréoseteologicos de
alimentos, Peleg (1979) propds a linearizacdo dzactio modelo de Maxwell
generalizado. No modelo de Peleg, os dados daagdaxde tensdo podem ser

interpretados por dados da tensdo normalizadas/e&gmpo

ot

&g - o)

ondeos(t) é a tensdo no tempo t durante o test@, a tensao inicial, e le k sdo
constantes. O inverso defepresenta a taxa de decaimento inicial enquargo q
k, é o valor hipotético da forca assintética nornaale que permanece sem
relaxar (RODRIGUEZ-SANDOVAL, 2009).

De acordo com Bhattacharya, Narasimha e Bhattagh&2006),
Rodriguez-Sandoval et al., (2009) e Sozer, Daldfaya (2007), a utilizacao do
modelo de Peleg para descrever os dados de reta¥agén meio simples de
descrever e comparar a relaxagdo de tensdo cons dtdditeratura sobre
reologia, uma vez que utiliza somente dois par&sett taxa de decaimento
inicial (1/k;) e a tensdo normalizadaykO parédmetro ké uma medida da
facilidade com que o material se deforma, ou sejgres mais altos que k

sugerem um material mais duro, o qual dissipa menesgia, exigindo, assim,
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mais forca para ser comprimido (GUO; CASTEREREZ; MOREIRA, 1999;

RODRIGUEZ-SANDOVAL et al., 2009). Ja o parametsaédpresenta o grau de
relaxamento do material (BELLIDO; HATCHER, 2009; QU

CASTELL-PEREZ; MOREIRA, 1999; RODRIGUEZ-SANDOVAL et al., 29)

e segundo Peleg (1980) 1fiepresenta as condi¢bes de equilibrio do material,
ou seja, a por¢cdo do material que permaneceu skmareno estado de
equilibrio. Bellido e Hatcher (2009) utilizaram oodelo de Peleg para
apresentar os dados de relaxacdo de tensdo derdioaaaiatico e observaram
que o procedimento foi eficaz com o entendiments gmopriedades

viscoelasticas do material.

2.7 Teste de compressao uniaxial

Em ensaios de compressdo uniaxial utiliza uma roefgdo
suficientemente elevada para levar a ruptura denmagtcom isso é possivel a
caracterizacao do produto a baixas ou altas defdresa independentemente do
tipo de forca aplicada (ISHIHARA et al.,, 2011; KARKN et al., 2011;
KUMAGAI et al, 2009). No ponto de ruptura pode-seterminar as
propriedades que fornecem informacdes sobre astedsdicas do material e
correlaciona-las com a textura do produto. A tend&oruptura &, € a



39

deformagdo de ruptura (deformagdo de Hencky eq;) definidas,
respectivamente, pelas equacdes 05 e 06, deventilseadas em ensaios de
ruptura com altos valores de deformacéo, porqusideram as modificacdes
que o material passa durante o experimento (BAYA&RIl., 2007; COSTELL,;
PEYROLON; DURAN, 2000; SATO; SANJINEZ-ARGANDONA; QUHA,
2004):

o=r () @)
= im(i) o

onde F é a forca aplicada, a altura inicial A, a area inicial da amostrasé a
variacéo na altura da amostra durante a compre&sénsao de rupturag,,) é
definida como a tensdo necessaria para romper riz rafimenticia (CUNHA,
2002) e, de acordo com Marudova e Jilov (2003)0meaitensdes de ruptura
pressupfem um comportamento mais rigido. Ja a rdef@o de ruptura
(deformacéo de Henckyef,) indica o quéo quebradica € a textura do alimento,
isto é, até que ponto o produto pode ser defornsado se romper (CUNHA,
2002). Materiais com alta tensao e deformacédo pura sdo rigidos e fortes,
enquanto materiais com elevada tensdo de ruptuma, aom baixo valor de
deformacao de ruptura sao rigidos e quebradicoso@ulo de elasticidad&) e

o trabalho na ruptura (Wrup) séo calculados poobrdes graficos (tenséo) €
(deformacdo) (Figura 16) sendo que Wrup é dado feda sob a curva até o
ponto de ruptura e o mddulo de elasticidade peddiciente angular da parte
linear inicial da curva (THYBO; NIELSEN; MARTENS999).

Géis com elevados valores de mddulo de elastieidg)l sdo mais

rigidos (FRAEYE et al., 2010). O trabalho na ruptéra propriedade que indica
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a energia necessaria para induzir a ruptura dR§eDPA; BHATTACHARYA,
2009). Bayarri, Duran e Costell (2003) utilizararteste de compressao uniaxial
para avaliar a relagédo das propriedades fisicatoidetipos de hidrocoloides e
dois tipos de edulcorantes em sistemas modelo.rBaga al. (2007), para
avaliar a influéncia da textura na percepcao dardoge géis também utilizaram
o0 teste de compressao uniaxial. Por meio dessedeses autores conseguiram

correlacionar as propriedades de textura com a&pefio de dogura.

2.8 Coloracao

De acordo com Perry (2004), a cor dos queijos iaithamente ligada a
gordura do leite e, por isso, sujeita a variac@esrsis. A cor € um importante
fator de qualidade que o consumidor associa no mmmea compra,
constituindo o critério basico para sua seleca@dcaser que outros fatores como
odor sejam marcadamente deficientes. A percepcdooda um fendmeno
fisiolégico e que varia de acordo com a visdo dgeolador e com a qualidade e
intensidade da luz, bem como com as propriedaddsadi e quimicas do
alimento. Além disso, a medicdo da cor requer quéveis como a area do
objeto, a luminosidade suficiente com espectroveisé a visdo do homem
sejam controladas.

N&do existe uma recomendacdo geral quanto ao proeath de
mensuracao da cor, pois 0s equipamentos usualmtizados (colorimetros e
espectrofotdbmetros) podem apresentar caractesstiiatintas quanto ao
didmetro de abertura, tipo de iluminante e ang@ooldservacéo, produzindo
resultados semelhantes mas ndo iguais. Um sistemmeedsuracdo de cor muito
utilizado em diversas areas é o sistema L* a* bmliém conhecido como
CIELAB. Neste sistema, L* indica luminosidade eeab* sdo coordenadas de

cromaticidade, onde o eixo a* vai de verde a venmet b* vai de azul a
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amarelo. Em cada uma dessas dire¢cfes (eixos guabjlo se caminha para as
extremidades tem-se maior saturacéo da cor (MACDAIUG1994).

Atualmente a medi¢&o instrumental de cor faz pdeerotina para o
controle de qualidade dos alimentos. As diferetéesicas de fabricacdo do
queijo afetam a textura, flavor e a coloracdo dos mesmos (DRAKE et al.,
20009).

A coloracdo do queijo é influenciada por fatordsisecos e extrinsecos.
Os fatores intrinsecos estéo relacionados conteudlizado para a fabricagéo
e os fatores extrinsecos podem ser exemplificadm® aitilizacdo de corantes,

embalagem e estocagem do produto.

2.8.1 Fatores intrinsecos

a) Dispersédo daluz

O leite é um fluido complexo, constituido de ti@sek. Grande parte da
massa do leite se comporta como uma solucdo verdad&OX;
MCSWEENEY, 1998). Neste caso inclui-se a lactos&emis, vitaminas e
outras pequenas moléculas em agua. Esses commomerdeinfluenciam na
coloracao do leite. Na fase aquosa estdo disppretainas a nivel molecular e
micelas de caseina na forma de grandes agregadpsrdeulas em estado
coloidal variando entre 50 a 600nm. Lipidios espdiesentes no estado de
emulsdo em glébulos variando entre 0,1 au@0 Micelas de caseina e glébulos
de gordura sdo os principais contribuintes parpagidade do leite e suas cores
sdo responsaveis pelo maior indice de refracaeittodm relacdo a agua.

A dispersdo da luz no leite é causada pelas pksiade tamanho
relativamente grande que possuem indice de refdif@éi@nte da agua. Neste
caso a dispersao da luz pelas micelas de casefiidlsudos de gordura contribui

fortemente para a coloracéo do leite (WALSTRA, )998s proteinas do soro
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sdo menores em tamanho e de baixa concentracdfprmda a contribuir

substancialmente para a dispersdo da luz no Bittamanho da micela de
caseina resulta em uma dispersao da luz, prefahamite para a luz azul do
que para a luz vermelha, conferindo um tom azudsdteite desnatado. O soro
do leite contém riboflavina que contribui para sntamarelo-esverdeado do

mesmo.

b) Composicéo do produto

A maior variagdo da coloracdo do leite e seus ddds é causada pelo
contetdo de gordura e proteina. Gorduras e pretetnano visto anteriormente,
sdo os principais agentes na dispersdo da lunsntieem a cor branca para o
leite. Nota-se que transparéncia, brilho e brans@iceparticularmente vitais para
discernir o teor de gordura no leite, variando @406 (PHILLIPS et al., 1995).

c) Carotenoide§-Caroteno

Em geral Carotendides sdqoGsopropendides e tetraterpenos que se
localizam nos plastideos dos tecidos vegetais dwiteticos e néo-
fotossintéticos (YOUNG, 1991). Entre os ruminantsemente os bovinos
apresentam alta concentrac@o de carotenodides, i@spatte osp-carotenos,
devido a baixa sintese de vitamina A nos enter®¢fdNCU et al., 2010). Este
fato confere ao leite uma cor ligeiramente amaaelae comparar com o leite de
bdfala. Os carotenos nos glébulos de gordura digpera luz amarela e sdo
responsaveis por essa coloragéo no leite. A didedsi de cor dos carotenoides,
gue varia do amarelo claro ao vermelho escuro, digtéamente relacionada a
sua estrutura. Carotendides amarelos e laranjasos@ecidos como carotenos e
os vermelhos sdo denominados licopenos. Quandoasdigacfes carbono-

carbono sdo conjugadas, os elétrons da moléculanpag mover livremente
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através dessas areas. Este fato confere ao dadetenpropriedade de absorver
radiacdo na luz visivel, formando, assim, a basa pasua identificacdo e
guantificacdo, causando a absorcdo de varios comptbs de onda. Com o
aumento das duplas ligactes, os elétrons asso@agkses sistemas conjugados
tornam-se mais moéveis e requerem menos energialparar o seu estado. Isso
causa uma diminuicdo na faixa de energia da lupraids pela molécula.
Quanto mais comprimentos de onda de luz sdo abssrdo espectro visivel,
maior a aparéncia avermelhada dos compostos. Qmr#emente, carotendides
sdo potenciais biomarcadores na caracterizagdacional e sensorial de
produtos lacteos, no rastreamento do leite e nerrdetacdo do animal de
origem (NOZIERE et al., 2006). Carotendides sansiseis a luz, calor,
oxigénio, acidos e bases alcalinas e atuam comoxat@ntes, sendo alguns
precursores da vitamina A (STAN, 2007).

d) Biliveerdina/Bilirubina

Biliverdina € um pigmento encontrado em leite déalaifresco que
possui coloracdo azul esverdeado. Esse pigmentiereono leite de bufala
aparéncia completamente diferente do leite de (&&BAI, 1996).

e) Espécie

O leite desempenha o papel de alimento para féhd&e mamiferos,
nutrindo-os completamente nos primeiros meses efeitodo protecao
imunoldgica (WEBB; JOHNSON; ALFORD, 1974). A congigfio do leite dos
mamiferos ja foi amplamente estudada e document&gistem cerca de 4.000
mamiferos, dos quais 120 tipos de leite foram estosl e somente 16 espécies

sao utilizadas para o consumo humano (BYLUND, 19B&erentes espécies
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de animal possuem diferentes necessidades nutiisierhabilidades digestivas
(NELSON et al., 1951). Por isso existem muitasrdiigas na composi¢do do
leite para as diversas espécies. Como resultagmduto final preparado com
leites de diferentes espécies possui ampla garflavide e aparéncia geral.

fy  Alimentacéo Animal

Como mencionado, o contetdo de gordura do leitleené€ia fortemente
a cor do mesmo e de seus derivados. O leite dea@gue se alimentam em
pasto possui aparéncia diferente dos que se ahmertm racéo. Este fato esta
associado com a alteracdo no perfil de acidos graxados carotendides,
particularmente o contetdo fecaroteno (CHILLIARD et al., 2000; NOZIERE
et al., 2006) e pode também resultar em diferesdbores dlavor. Dietas a
base de pasto levam a um leite com concentracGesamae-caroteno do que
dietas a base de concentrados e silagem de milAGEMOSE et al., 2004;
MARTIN et al., 2004).

2.8.2 Fatores extrinsecos

Assim como a variacao intrinseca na aparéncia dgog@a cor também
pode ser afetada por caracteristicas extrinseasemqes nos processos de
fabricacdo. Entre os fatores extrinsecos, a adigdcor desempenha o papel

mais importante.

a) Adicdo de corantes na massa. As cores do queijc@®omente
categorizadas em palido, amarelo, dourado, amaselaro, laranja,
branco e branco calcério para variedades como ddehee a

mussarela. A cor natural do queijo € branca coms te amarelo. A
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coloragéo laranja se deve a adicdo de extratorderge de urucum
(MARTINEZ et al., 2007).

2.9 Microscopia eletrénica de transmissao

Na microscopia eletrénica de transmisséo, a formatg@i imagem se
deve ao espalhamento de elétrons que ocorre quamdeixe destes atravessa a
amostra. A microscopia eletrbnica de transmisséade per dividida em trés
componentes (WILLIAMS; BANKS, 1997): o sistema digminacgédo, as lentes
objetivas e o sistema de imagem.

O sistema de iluminagdo compreende a fonte a)popduz os elétrons
e as lentes b) equipadas com um diafragma c), b djteciona o feixe de
elétrons para a amostra d). A lente usa um camgimelagnético para focalizar
o feixe de elétrons. Os elétrons sdo espalhadaspgs$arem pela amostra. Eles
sdo entdo transferidos para as lentes objetivasindeira imagem da amostra é
formada pelas lentes objetivas e). A abertura dgetigh f) controla o
espalhamento do feixe de elétrons e da o contdestenagem. O sistema de
imagem utiliza diferentes lentes (lentes intermeaag) e lentes projetoras h)
para ampliar a imagem e foca-la na tela de visagldia onde o operador pode
observar a imagem ampliada da amostra (KORNMANNNDBERG;
BERGLUND, 2001).

O protocolo de preparo das amostras se baseixagdi quimica, que
transforma o material biolégico pela incorporac@osdbstancia quimica, que
previne a degradacao dos componentes celularemstra fixada é desidratada,
permitindo a realizacdo de cortes ultrafinos edairpromove resisténcia em
relacdo ao ambiente do Microscépio Eletrbnico den3missédo. Por fim, os
cortes sdo embebidos em metais pesados para aumeiigperséo dos elétrons,
que aumenta o contraste (ELTSQV et al., 2006).
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Alimentos geralmente apresentam dificuldades paracooscopista por
causa de sua composi¢cdo heterogénea e forma fld@aentanto, métodos
simples foram desenvolvidos para lidar com amogirablematicas. Amostras
particularmente trabalhosas séo as gorduras erdtimgue contém gorduras, ja
gue sua microestrutura é dependente de temperatura.

A microestrutura € um dos principais fatores qu#rdaui para a textura
e propriedades funcionais dos queijos. A maiorea @ropriedades estdo

associadas com a reologia dos queijos soélidosretitirs.
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ABSTRACT

The study was conducted with the objective of eatihg the influence
of freezing of curd upon the functional, physicaclieal and sensory properties
of mozzarella cheese. Four treatments were utilitedmophilic starter culture
and non-frozen curd (TnF); thermophilic startertud and frozen curd (TF);
mesophilic starter culture and non-frozen curd (Mmiesophilic starter culture
and frozen curd (MnF). Cheeses manufactured wihefn curd did not differ
from the cheeses manufactured with non-frozen aumglation to the sensory
properties of: aroma, taste, color, texture andeg@nacceptance. Browning
(non-enzymatic reaction) was not affected by tkeeZing of curd. Cheeses made
with frozen curd presented higher values of oilioff compared to the
conventional ones, but within values accepted awledequate for this type of
cheese. Values of extent of maturation of alltiremts increased during the
period of storage. Treatments TnF and MnF (froagmal)chad higher values of
parameter L*compared to other treatments. The dtiestional characteristics
of mozzarella cheese were not affected by the frazed and starter cultures.
Freezing of curd did not alter the technical yieldmay be concluded that
freezing curd is a feasible procedure in mozzadiEese manufacturing.

Keywords: Starter cultures. Physicochemical charéstics. Proteolysis. Yield
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1 INTRODUCTION

Mozzarella cheese is a very complex material asdpibperties are
affected by many factors, among which thermo-meiclahtreatment during the
pasta filata process is just one of several factiseese composition,
proteolysis, fat content are other factors).

Frozen storage of mozzarella cheese after its mahure has significant
commercial interest to avoid physicochemical charigecheese during ripening
and to extend its shelf life. However some adveffects on mozzarella cheese
texture, rheology, functional properties, and pobtseis may occur due to
freezing (DIEFES; RIZVI; BARTSCH, 1993; KUO; GUNASBRRAN; AK,
2003; OBERG et al., 1992).

Mozzarella is used mainly as a pizza topping bexaof its two
functional properties: meltability and stretchakiliwhen baked on pizza, the
browning behavior of the cheese is critical, andessive browning is a defect
(WANG et al., 2003).

Meltability and strechability of mozzarella cheesten heated are
desirable physical properties. These properties ral@ed to microbiology,
chemistry and composition of cheese, and these fheeameters are influenced
by processing conditions (GUINEE, 2011).

Property characteristics of mozzarella, includingsceelasticity,
flowability, meltability, stretchability and freeilorelease, are dependent on
production processes due to the impact of prodaatio the microstructure and
composition (MA, 2011).

Galactose content in mozzarella cheese is relatethe browning of
cheese upon baking (JOHNSON; JOHNSON, 1985). Thening appearance
of cheese has been evaluated by sensory method ARU& al., 1998),
colorimeter (AYDEMIR; DERVISOGLU, 2010) and machiumision (MA et al.,
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2013). Free oil is involved in browning of mozZA&eheese by modulating the
dehydration of cheese (RICHOUX et al., 2008).

The ability to retain free-oil upon heating is andtional property that
makes mozzarella cheese suitable for use as a fwpping ingredient. This
property is dictated by the proteolysis, fat cottemineral distribution and
protein-protein or protein-water interactions (YUBARBANO; KINDSTEDT,
1993). The amount of fat in mozzarella cheesel&ed to free oil upon heating
(RUDAN et al., 1998).

Sensorial properties of cheeses are perceived byhthman senses
during the consumption, smelling, observing. Almadt human sensory
modalities such as vision, touch, olfaction, mdietl interact with each other to
determine sensory characteristics and stimuli arduded by chemical,
rheological and structural components of cheesdsSLAHUNTY; DRAKE,
2004).

Having all this in mind the objects of this studgm to evaluate the
effect of different starter cultures and freezinfytbe curd upon chemical

composition, functional and sensory properties otzarella cheeses.
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2 MATERIAL AND METHODS

2.1 Localization of the experiment

Raw milk was produced in the Dairy Farm and modlmcheese was
manufacture in the Dairy Plant of Federal Institofethe South of Minas —
Machado. The research work was conducted in thel Bmence Department,
Federal University of Lavras. The research wasedout to evaluate the effect
of different starter cultures (mesophilic and thepimilic) and the freezing of

curd on different characteristics of mozzarellass®e

2.2 Treatments

There were four treatments:

Treatment 1 TnF (thermophilic starter culture and-frozen curd);
Treatment 2 TF (thermophilic starter culture arotén curd);
Treatment 3 MnF (mesophilic starter culture and-fitomen curd);
Treatment 4 MF (mesophilic starter culture andédrozurd).

2.3 Cheese manufacturing process

Pasteurized milk with 3.5% fat and temperature stdjih to 34°C was
divided into four portions and worked in separaésyTwo vats were inoculated
with a starter culture containingactobacillus bulgaricusand Streptococcus
thermophilus (TnF and TF) and the other two vats (MnF and MR)hw
Lactococcus lactissubsp. cremoris and Lactococcus lactissubsp. Lactis
(Christian Hansen’s Laboratory). After a ripenipgriod of 30 minutes, rennet

(Ha-La® from Christian Hansen’s Laboratory) wasled and the milk was set
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for approximately 40 min. After this period, thedwvas cut and allowed to heal
in the whey for 10 minutes. Then with periodic dengitation, curd was

gradually heated from 34°C to 42°C over a 30 miswgeriod of. After draining,

curds were cheddared until pH reached 5,2. Atftat,tcurds obtained were
divided in different flows of processing, one p@f and MF) was frozen for 7
days at -18°C and the other (TnF and MnF) was hegmfocessed. The

stretching of curd was done by hand in water a&naperature of 75°C until the
uniform and elastic strands were achieved. Aftalding, the pieces were
immersed into brine (8°C -10°C, 20% salt), vacuweked and stored at 4°C
for 7 days for stabilization.

The manufacturing process of cheeses is described-igure 1
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¥
Pasteurization |72°C for 15s)
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¥
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¥

l Diraining |
¥

| Cheddaring ]

[ Frozen storaze for 7 days | | Nz staraze |
_-_._._._._‘—I_-_h‘_._l—.-._'_.-._._

l Stretching |water at 75°C)
4
[ Malding
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I Brining {10°C, 20% salt) ]
¥
l Vacuum Packing and storase |

Figure 1 Flow chart of mozzarella cheese manufagjur
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2.4 Measurements and analysis

Measurement and analysis are conducted at daysrdd ¢ay after
stabilization), 14, 28 and 42, in triplicate.

2.4.1 Yield of mozzarella cheese

Cheese vyield, expressed in liters of milk per kitmg of cheese
(L/kg) was obtained by dividing the total volumeroilk (L) by the total weight
of the cheese (kg) after 24 hours from brine. Tleddywas adjusted to the
moisture content of the cheese, using the formatxiibed by Furtado (2005).
Equation 1 was used to calculate yield in gram®tal solids per liter of cheese

milk.
Yield (g) =P . TS . 100/V Q)
P - weight of cheese
TS - total solids of cheese
V - volume of milk used

2.4.2 pH

The pH of both cheese and milk samples were meadswith a digital
pHmeter (Hanna Instruments, model 8341).
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2.4.3 Acidity

Acidity of milk (10 mL) and cheese samples (5g) vaetermined by
titration by using Dornic solution and 2-3 dropsioflicator phenolphthalein
(BRASIL, 2006).

2.4.4 Total solid content

Total solids were determined by using oven dryingthud. The
difference in weight before and after drying foh@durs at 105°C gives the result
of solid content.

2.4.5 Protein

The total Nitrogen content of cheese was determibgdusing the
Kjeldahl method. Samples were digested by usiggsdion tablets (model TE
008/50) and distillated by utilizing distiller (medTE-036). A factor of 6.38

was used to estimate total protein content.

2.4.6 Soluble Nitrogen in pH 4.6

Soluble Nitrogen (SN) was determined after isoelegrecipitation of
casein with hydrochloric acid solution 1.41 madl.at pH 4.6, in a sample of
cheese previously solubilized in 0.5 mdl.kodium citrate. This mixture was
filtered through Whatman filter paper number 42lleming a clear solution
containing the hydrolyzed protein fraction of theeese soluble at pH 4.6. The
guantification of these soluble substances washbykKjeldahl method, starting

from 5 mL.
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2.4.7 TCA soluble Nitrogen

Non-protein Nitrogen was analyzed with the Kjeldahéthod after
precipitation with 12% Trichloroacetic acid solutiand multiplying by a factor
of 6.38.
2.4.8 Extent of maturation

The extent of maturation was calculated indired¢liyough the ratio
between the percentage of soluble Nitrogen at p&l ahd total Nitrogen,
multiplying the result by 100 (WOLFSCHOON-POMBO,8B). This index is

important to assess the behavior of rennet in ehapgsning.

2.4.9 Depth of maturation

The depth of maturation was quantified indiredtlythe ratio between
the percentage of soluble Nitrogen in 12% TCA adltNitrogen, multiplying
the result by 100 (WOLFSCHOON-POMBO, 1983).

2.4.10 Fat

The butyrometric method of Gerber was utilized étetimine fat content
in milk and cheese (BRASIL, 2006).

2.5 Color

The color of the cheese samples was measured épligates of each

sample at 20°C and making use of a Minolta CR-30@rioneter (Minolta
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Corp., Osaka, Japan). The CIELAB (CIE, 1976) steshataeasurement system,
which measures color utilizing 3 coordinates, L*, and b* was utilized. The
instrument was calibrated with a blank titre (stddtristimulus values: Y =
92.4; x = 0.3161; y = 0.3325) supplied by Minolpaior to measurement and at

regular intervals.

2.6 Browning

Shredded mozzarella (100g) was spread evenly omna diameter
Teflon plate and was baked in a convection ovet04fC for 1 hour. The color
of the baked cheese samples was measured in Bategliof each sample at
20°C in a Minolta CR-300 colorimeter (Minolta Cqr@saka, Japan).

2.7 Meltability

A test, modified from the Schreiber test, describgKindstedt, Duthie
e Rippe (1988) was employed. A cheese cylindeBGrhm of diameter and
7mm in thickness was placed at the very centerRéta dish marked with four
lines disposed at 45° to one another, all passigigeacountering one another at
the center of the dish, where the cheese is. Thle dbntaining the cheese
section was heated in an oven at 107°C for 7 ménuféhe four diameters were
measured and the mean was calculated.

The percentage of melting cheese slices was cédufeom the average

diameters, according to the equation:

% Melting = (Af — Ai) / Ai . 100

where:
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Af: area after the melting of the slice (calculatiedm the average
diameter).
Ai. area of the slice before the melting (calculiafeom the average

diameter).

2.8 Free oil release

Free oil content of mozzarella cheese samples et@srdined according
to the method of Kindstedt e Rippe (1990). Threang of ground cheese
sample were weighed into a babcock bottle and itnemersed in boiling water
for 4 minutes to melt the cheese. Acidified wate®mL, pH 2,2 at 60°C) and
distilled water and methanol in a 1:1 ratio (10m8re immediately added and
the bottle was centrifuged (4minutes, 1,200 rpft)e content was transferred to
a Gerber bottle, heated in boiling water for 1 néneentrifuged and the free oil

content was measured.

2.9 Stretchability

The analyzes were performed according to the methafd
Apostolopoulos (1994), which consists of an emaplridnstrument test
conditions that resembles the behavior of the @heasthe pizza. The method
consists of using a circular steel plate (165 mndiameter), provided with a
central mobile plate (9 mm in diameter). Twentyrmgsaof grated cheese were
spread on the steel plate, covering the two pldites replications), placed both
plates in an oven at a temperature of 240°C forrmimmutes. After removing the
sample from the oven, the smaller plate (covereth wmelted cheese) was
attached to the machine-controlled engine, withcengtral plate being lifted out

vertically, stretching the melted cheese at a @msspeed of 1,500mm per
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minute, being the stretchability of cheese considess the distance that the

central circumference reaches when all the stririgheese break completely.

2.10 Sensory analysis

One hundred non trained panelists were used forlysiea
Approximately 25g cheese samples, with 25 daystarfige, were placed into
plastic cups labeled with randomly selected 3 digiimbers, covered
individually with a lid and initially stored at néflerated temperature. The
samples were allowed to equilibrate at room tempegegorior to serving to the
panelists. The order of presentation was randamasoss the subjects to
ensure the order of the runs did not interferehim iesults. The panelists were
asked to score the cheese samples by using a © hemionic scale where 1
represents extremely disliked and 9 representemely liked, for odor, color,

taste, texture and global acceptance.

2.11 Experimental design and Statistical analysis

The experimental design utilized was a factoriad 2 x 4, completely
randomized, that is, 2 technological proceduresyentional and frozen curd),
2 starter cultures (thermophilic and mesophiliciing the storage period (0, 14,
28, 42 days), with 4 repetitions.

One way ANOVA was performed to investigate the Higant
difference among cheese samples, using SISVARFERREIRA et al., 2000).

The Tukey test was employed to compare the means@ireatments.
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3 RESULTS AND DISCUSSION

3.1 Milk composition

The results of physicochemical composition of thiék msed in the
mozzarella cheese manufacturing are shown in Thblén general, the results
meet the standards of identity and quality of floidk for industrial use. Values
of somatic cell count (SCC) exceeded the maximupulsted by the Brazilian
legislation. Elevated SCC indicates mastitis, whiecim lead to a reduction of
synthesized components, especially casein, the rmaimpound in cheese
manufacturing. However, the values of the referrethponent are similar to
those found in other studies (QUINTANA; CARNEIRQ)®; FACCIA et al.,
2012; VALLE et al., 2004) using milk with low SC®@rotein and fat are the
primary factors influencing the cheese compositiand characteristics
(GUINEE; AUTY; FENELON 2000). Lactose is also known as having its
concentration decreased in high SCC, which occuimethis study, since a
normal concentration of lactose is around 4.85. Pphgchrotrophic count in
milk used in this study was not higher than 3.1§ ©®FU.g". Under these
conditions, production of proteolytic and lipolytenzymes does not occur
(PARK et al., 2001).

Table 1 Results of analysis of milk to process moelta cheese

ltem Raw milk
Fat (%) 3.5
Protein (%) 3.2
Lactose (%) 4.4
pH 6.5
Titrable Acidity (%) 0,17
Total solids (%) 12.1
SCC (108 cells.mif) 852
TBC (10° CFU.ml™) 2.21

Psychrotrophic (103CFU.mi") 1.23
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Milk composition is an important factor in cheesily, and the
percentage of dry matter of milk concentrates myaiptoteins and fats.
Variations in breed, stage of lactation and hest#tius of the animal influence
the milk composition, reflecting the composition tfe cheese, which is
extremely dependent on and influenced by the pbghiemical characteristics

of the cheese, endangering both the protein and/fath are essential for yield.

3.2 Cheese composition

The results for yield, composition, pH and acidifythe cheeses are

shown in Table 2.

Table 2 Commercial and technical yields, compasjtipH and acidity of
mozzarella cheeses made with frozen curd and diftestarter cultures

Item TnF TF MnF MF
Yield(Kg/100Kg) 10.37 10.19 9.87° 9.7G¢
Yield (g TS/L) 56.9% 56.60 52.5¢ 53.50
Total Solids (%) 54.97 55.55 53.20 55.18
Moisture (%) 45.08 44.48 46.8¢ 44.82
Protein (%) 23.34 22.86 22.18 23.58
Fat (%) 28.66° 29.66 27.66 28.06°
FDM (%) 52.18 53.3¢ 52.00 50.74
Ash (%) 3.258 3.19 3.3% 3.19
pH 5.36" 5.28 5.36' 5.28

Means followed by same letter do not differ statédty from one another by the Tukey
test at 5% probability. TnF (thermophilic startesltare and non-frozen curd); TF
(thermophilic starter culture and frozen curd); Mmkesophilic starter culture and non-
frozen curd); MF (mesophilic starter culture amz&n curd). Means of four repetitions.
Day 0 corresponds to cheese after 7 days of statidn period.

Considering both commercial and technical yieldsnay be observed
that freezing of curd did not affect these measer@mfor both types of starter
cultures, indicating that such a technology is ifdasas far as yield is
concerned. Related to cultures, the thermophileshigher yields compared to

the mesophiles, mainly when the freezing technolsggke into consideration.



79

As cheeses were packed in impermeable film, theston@ content did
not change along the storage period (data not shown

The samples of the treatment MnF had the highesstare content
(p<0.05), supposedly due to the decreased amounaciaf produced by
mesophilic bacteria and as the mass was not frabhere was no loss of water,
that may occur during thawing.

With regard to the other components of the chefseen samples
showed no significant differences among treatmdis 0.05), except fat
content, that showed inconsistent results, althalgbheeses meet the standard
patterns of identity and quality for mozzarella ebe Similar results were
reported by Hekken, Tunick e Park (2005), Verdiurrilla e Rubiolo (2002)
and Verdini, Zorrilla e Rubiolo (2005); these authavorking with freezing of
cheeses prior to ripening instead of freezing oficu

Regarding the acidity of mozzarella cheese, thepkmsnshowed a

significant difference among treatments (p <0.@5)shown in Table 02.

3.3 Proteolysis

The indices of proteolysis, extension (soluble dgen / total Nitrogen -
NS/TS) and depth of maturation (non-proteic Nitrogeotal Nitrogen - NPN/
NT) are used as indicators for the level of ripgnai cheeses. These indexes
are of great importance in the final compositiorgimty the protein partition,
and sensory characteristics of the product. Tfegrexl indexes give appropriate
understanding regarding the proteolytic activitidgennet residues and starter

bacteria during cheese ripening.
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3.3.1 Indexes of extension and depth of ripening

The results of the indices of Extension and Degfthiipening of the
cheeses are shown in Tables 3 and 4.

In general, both indices presented, after 42 ddyspening, higher
values, compared to day 0 (p<0.05), with the exoepbf the treatment TF for
the extension index. The treatment MnF presemtiel, 42 days of ripening, the
highest values, indicating that the storage tentpexa(7°C) affected less
negatively the activity of those mesophilic bacet also may be observed that,
after 42 days of ripening, the treatments with émzurd had lower indexes,
which supposedly occurred due to some injuries edusy the processes of
freezing and thawing of the curd, upon the badteglis. It must be taken into
consideration that the temperature, reached by wheking mass in the
stretching process, was not high enough to destreytotality of the bacteria.
Despite differences in the results, all treatmemtsented values within those
considered by some research works (GRAIVER; ZARIYZKCALIFANO,
2004; OSAILI, 2010; SHEENEN; GUINEE, 2004), as leiregarded as

adequate for mozzarella cheeses.

Table 3 Extension of ripening of Mozzarella cheesale with frozen curd and
different starter cultures along 42 days of stonaggod at 7C

Storage period (days)

Treatment 0 14 8 2

TnF 3.75 aA 4.20 aB 9.45 bC 10.95 bD
TF 7.65 cA 7.80 bA 7.95 aA 8.10 aA
MnF 6.15 bcA 7.35 bA 11.25 bB 12.15¢cB
MF 7.80 cA 9.30 cB 9.60 bB 10.35 bB

Means followed by the same letter, capital letiareolumns and lowercase letters in
rows, do not differ statistically from one anoth®r the Tukey test at 5% probability.
TnF (thermophilic starter culture and non-frozemdduTF (thermophilic starter culture
and frozen curd); MnF (mesophilic starter cultune aon-frozen curd); MF (mesophilic
starter culture and frozen curd). Means of foyetitions. Day 0 corresponds to cheese
after 7 days of stabilization period.
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Table 4 Depth of maturation of Mozzarella cheesinduipening

Storage period (days)

Treatment 0 14 o8 2

TnF 3,20 aA 4.64 aA 9.57 bB 9.80 bB
TF 4,80 bA 6.62 bAB 7.33 aB 7.72 aB
MnF 4,27 bA 5,08 aA 8.98 bB 9.89 bB
MF 5,90 cA 8.08cB 8.62 bB 9.47 bB

Means followed by same letter, capital letterséfumns and lowercase letters in rows,
do not differ statistically from one another by thekey test at 5% probability. TnF
(thermophilic starter culture and non-frozen cufdy; (thermophilic starter culture and
frozen curd); MnF (mesophilic starter culture armhifrozen curd); MF (mesophilic
starter culture and frozen curd). Means of fouetitjons. Day O corresponds to cheese
after 7 days of stabilization period.

Rennet, yeast proteases and peptidases of lactiforasecondary
microflora and natural enzymes of milk contributethis process. Alvarenga
(2008) studied the freezing of sheep cheese, andelation to chemical
properties, except for indicators of proteolysis, significant alterations were
recorded. Proteolysis is the most complex eventiwed during curing, and
possibly the most important event in the developmaintexture (SOUSA,;
ARDO; MCSWEENEY, 2001).

Increasing the depth of proteolysis with freezimglicates that this
process could not prevent the mechanisms of pratisol These continue to
occur slowly; similar to what was reported in thejomity of the studies that
determine the impact of freezing proteolysis inedee(GRAIVER; ZARITZKY;
CALIFANO, 2004; HEKKEN; TUNICK; PARK, 2005; TEJAD/t al., 2002;
VERDINI; ZORRILLA; RUBIOLO, 2002; VERDINI et al.,, @07). This
increase in the values of the fractions contaimiitgpgen can be explained from
the damage caused by the increase in the size ofystals during freezing, first
at the protein network on the other hand in baatbyi promoting the release of
enzymes into the medium (GRAIVER; ZARITZKY; CALIFAD, 2004), with
these being more available for enzymatic activitite results suggest that

bacterial peptidases and bacterial aminopeptidaseained active, albeit with a
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lower activity during the storage time in the frozstate, causing a gradual
increase oligopeptides, amino acids, amines and camam(TEJADA et al.,

2002). This increase is also related to the faat, wturing freezing, no microbial
growth occurred and thus these substances are sed as metabolites
(VERDINI et al., 2007). As for the remaining framts containing Nitrogen

(NPN% and in%) that represent the degree of deptirateolysis, that is, to
what extent, proteins and peptides are to be dedratto smaller peptides, it
was observed that freezing was not able to preyaoteolysis of the

mechanisms leading to their formation. They corgina take place slowly;
similar to what was reported in the majority of thteidies that determine the

impact of freezing in proteolytic processes.

3.4 Color of the cheeses

In Table 5 are shown the results of the valuesotdro(L*, a*, b*) of

samples during storage period.

Table 5 Hunter color (L*, a* and b*) values of mazella cheese during

ripening
Storage period (days)
Treatment 0 14 >3 12
L* 81.17* 79.46" 79.88% 80.78%
TnF a* -3.65%8 -3.56"8 -3.378 3.7PA
b* 17.054 20.06° 19.278 19.1G6®
L* 74.804 74.764 76.084 76.364
TF a* -3.694 -3.43% -3.654 -3.5¢
b* 20.04* 19.964 20.28% 19.934
L* 83.50°® 80.5TA 81.60"8 81.69"8
MnF a* -3.3¢ -3.36% -3.18" -3.047
b* 18.69" 19.764 18.76% 18.634

“continues”
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Table 5 “conclusion”

Storage period (days)

Treatment 0 12 8 22
L* 76.0224 76.19% 77.56% 77.07"

MF a* -3.670A 3.6 -3.684 -3.67°4
b* 19.78% 19.834 20.36% 20.4584

Means followed by same letter, capital letterséfumns and lowercase letters in rows,
do not differ statistically from one another by thekey test at 5% probability. TnF
(thermophilic starter culture and non-frozen cufd; (thermophilic starter culture and
frozen curd); MnF (mesophilic starter culture armh4frozen curd); MF (mesophilic
starter culture and frozen curd). Means of fouetitjons. Day O corresponds to cheese
after 7 days of stabilization period.

Treatments TnF and MnF had higher values of thearpater
L*compared to the others treatments (p<0.05), iilg that freezing may lead
to a slightly darkened color on cheeses.

The a* values represent the intensity of the rddrcdrhe storage period
did not significantly affect (p>0.05) the a* valuekthe cheeses. These results
indicate that making mozzarella cheese with frozgm is a feasible procedure
as far as the red color is concerned, staying ratitinents within values
technically acceptable. Treatments TF, MnF and Nésgnted no difference
(p>0.05) of b* values during the storage perioderBhwas no significant
difference among treatments on days 14 and 42 @p¥>0.

In general, all the results of the parameters tdrgd*, a*, b*) indicate
that, freezing of curd does not negatively affdwt toloration of mozzarella
cheeses. Curd freezing technology seems to be ambequate, compared to
freezing of cheese, once studies conducted by éhga (2008) on frozen
cheese showed that damages caused by freezingeophtfsical properties
interfered in the color of the cheese.

The L* values of the samples of mozzarella chekdeot significantly
differ over the storage period (p <0.05), exceptlie MnF treatment.
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3.4.2 Browning of the cheeses

The results of color of baked cheeses are showabia 6.

L* value is well recognized as being the best intlexiefine the dark
color on baked mozzarella cheese (FOX, 2000). Thedlues presented no
significant differences (P>0.05) among treatmentsvery ripening period. The
results for L* values confirm that baked Mozzaretlheese has a relatively
darker color (data no shown) compared to the standhite color of non baked
cheeses (p<0.05). Considering the L* values, tielifigs demonstrate that
freezing of curd does not affect the intensity mviining (Maillard reaction) of

mozzarella cheese.

Table 6 Hunter color (L*, a* and b*) values of marella cheese, over storage
period and baked at 1% for 1 hour

Treatment Storage period (days)

0 14 28 42
L* 66.76F 63.7%4 67.467® 70.73%
TnF a* -4.854 -3.64% -5.344 -4.5648
b* 24737 28.734 24.094 25.6F4
L* 63.784 64.25/8 67.438 68.15°
TF a* -3.5584 3514 -3.99* -4.944
b* 36.23" 26.54% 25.284 26.96%
L* 65.084 69.5G48 69.48/8 71.338
MnF a* -5.064 5.37° -5.524 -4.844
b* 17.064 18.874 19.624 19.99%
L* 67.71%" 69.634 70.4584 70.42*
MF a* -4.454 5274 5224 -5.054
b* 20.344 18.984 20.744 21.258

Means followed by same letter, capital lettersafumns and lowercase letters in rows,
do not differ statistically from one another by thekey test at 5% probability. TnF
(thermophilic starter culture and non-frozen cufd; (thermophilic starter culture and
frozen curd); MnF (mesophilic starter culture armhifrozen curd); MF (mesophilic
starter culture and frozen curd). Means of foutetigjons. Day O corresponds to cheese
after 7 days of stabilization period.

Similarly, a* values (red to green) of baked moeHlarcheeses do not
present significant difference among the treatmedising storage time
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(p>0.05), and had lower values compared to non dakeeses (p<0.05),
indicating a more intense red color on baked cleeRee results clearly show
that the process of freezing of the curd does ffettathe a* values of baked
mozzarella cheese.

During storage period at 7°C, the b* values ofttkatments TnF and TF
(thermophilic cultures) were significantly highep<(Q.05) compared to the
treatments MnF and MF (mesophilic cultures), intli@a that thermophilic
cultures produced cheeses with more intense yetlolar. That behavior has
been demonstrated by Ma (2013), as being due tonttre intense Maillard
reaction in these chesses, in which occurs higacentrations of residual
galactose occurs compared to those made with miisoplacteria. As a
consequence, the yellow color starts to build updgally intensifying, and
eventually in a advanced stage, the yellow colangunto a brown color tone,
this being better evaluated by the L* value.

The results also indicate that the cheeses, viitterethermophilic or
mesophilic cultures, made with frozen curd presgmie significant differences
(p<0.05) of b* values. Hence, the freezing of cigé procedure that does not
affect the yellow color tone of baked mozzarellaese.

When browning defect of mozzarella cheese is taknconsideration
it may positively be stated that freezing of cusdifeasible procedure, bringing

no negative impact to the color of pizza cheese.

3.5 Sensory evaluation

The results of the sensory evaluation, considearama, color, taste,
texture and overall aspect are shown in Table 7.
There were no significant differences among thattnents (p>0.05),

indicating that the methodology of frozen curd lfater processing is a practical
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and adequate technology as far as sensory ewauesticoncerned. Such a
process may be utilized, to overcome problems chuse seasonal milk
production without negatively affecting the sensquogality of the product, and
maintaining its commercial potentiality.

Table 7 Sensory evaluation of mozzarella cheeseglstorage period

Characteristc TnF TF MnF MF

Aroma 7,19 7,29 7,23 7,50
Color 7,56 7,7¢ 7,52 7,58
Taste 6,97 7,05 7,16 7,32
Texture 7,22 7,23 7,25 7,00
Overall aspect 7,22 7,46 7,38 7,35

Means followed by same letter, do not differ stat@dly by the Tukey test at 5%
probability. TnF (thermophilic starter culture andn-frozen curd); TF (thermophilic
starter culture and frozen curd); MnF (mesophitarter culture and non-frozen curd);
MF (mesophilic starter culture and frozen curd).edvis of four repetitions. Day 0
corresponds to cheese after 7 days of stabilizgtioiod.

3.6 Meltability

The results for the meltability of mozzarella cleesire presented in
Table 8.

Table 8 Values of meltability (cm of diameter) ofomarella cheese during
storage time

Treatment Storage period (days)

0 14 28 42
TnF 4,694 6,24 6,03° 6,43°
TF 6,598 6,4418 6,108 5,86"
MnF 6,334 6,56" 7,354 6,87~
MF 7,814 6,584 7,17 6,517

Means followed by same letter, capital lettersafumns and lowercase letters in rows,
do not differ statistically from one another by thekey test at 5% probability. TnF
(thermophilic starter culture and non-frozen cufd; (thermophilic starter culture and
frozen curd); MnF (mesophilic starter culture armhifrozen curd); MF (mesophilic
starter culture and frozen curd). Means of foutetigjons. Day O corresponds to cheese
after 7 days of stabilization period.
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Despite the inconsistence during storage period, rsults are in
agreement with previous studies (CAIS-SOK8BKA; PIKUL, 2009;
CHAVES; VIOTTO; GROSSO, 1999; DAVE et al., 2003; IREYAN, 2004) of
mozzarella cheese manufactured by conventionaladsttCheeses submitted to
treatment MnF do not present more meltability dgriall storage period
compared to the other treatments, despite theynha@ moisture (Table 2).
This may occur because of their lower content df dampared to other
treatments (Table 2).

Cheeses produced using treatment TF had higheemoof fat in their
composition, but this aspect did not influencerémults of meltability. Koca and
Metin (2004) showed that the meltability of cheedesreased significantly with
a decrease in their fat contents.

The increase of values of meltability capacity béeses produced with
treatment TnF during storage period may occur du¢hé highest levels of
proteolysis compared with other treatments (Taple 4

After stabilization, all treatments present no #igant differences
during storage period (p<0.05). These findingsgesy that during the
stabilization, water was transferred from the fatisn channels into the protein
matrix as the proteins become more hydrated, antk Sateractions between
proteins are replaced with interactions of proteiith the bulk phase water
molecules. This increased hydration of proteinsieen attributed to salting-in
of proteins in the cheese (PAULSON; MCMAHON; OBERK998). As regards
to the functionality of the cheese, a more hydrgtexdein structure would allow
the proteins to slip past one another more easitly when combined with the
lubricating properties of the fat (TUNICK, 1995).

Therefore, it is reasonable to state that the goosltability of

mozzarella cheeses increased by the rate of pwitediydrolysis does not



88

slowed down at reduced temperatures, in combinat@m formation did not
limit water migration for protein hidration.

Treatments MnF and MF (mesophilic starter) had mgnificant
differences after 14 days of storage time (p>0.06¢ MF treatment presented
on the first day of ripening higher meltability uak compared to MnF treatment
(p<0.05), demonstrating that for mesophilic startee possibility of freezing of

curd does not deteriorate the meltability of moeltarcheese.

3.7 Stretchability

The results for stretchability of the cheesegpaesented in Table 9.

Table 9 Stretchability (cm) of mozzarella cheesemdustorage period

Storage period (days)

Treatment 0 14 >8 Yy

TnF 38.76% 33.50% 47.00% 57.00°
TF 54.66° 57.06° 44.664 46.334
MnF 37.164 54.938 52.06/8 56.33%
MF 50.13% 50.33% 41.664 37.33

Means followed by same letter, capital letterséfumns and lowercase letters in rows,
do not differ statistically from one another by thekey test at 5% probability. TnF
(thermophilic starter culture and non-frozen cufdy; (thermophilic starter culture and
frozen curd); MnF (mesophilic starter culture armh4frozen curd); MF (mesophilic
starter culture and frozen curd). Means to fouetigpns. Day O corresponds to cheese
after 7 days of stabilization period.

It may be observed that, during storage time, sbeerocessed with
frozen curd had decreasing stretchability valuesndustorage period at 7°C
(p<0.05), whereas the conventional mozzarella adsegsesented increasing
values of the same parameter at the same peri@lOfpx The different trends
of stretch with age may be attributed to differentethe rate of degradation of
the paracasein networks of cheese, as reflectatebglifferences in the rate of

formation of soluble proteins.
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On day 42 treatments TnF and MnF had significahifjher values of
stretchability than other treatments (p<0.05ome studies (GUINEE; AUTY;
FENELON, 2000; KINDSTEDT, 1995) have shown that timerease in
proteolysis in mozzarella during the first 2 weekgipening is paralleled by a
marked improvement in functionality, i.e. reductionapparent viscosity and
increases in flowability and decreased stretchabili

The elastic response in cheese is due mainly toptbéein-protein
bonds. The viscous dissipation in the cheese magugeto the flow of the
material itself constituting the matrix, i.e. theotein, but also to the liquid flow
through the matrix, or due to the movement of otbieuctural components
between them, causing friction (PARK; OH, 2007).

Despite the differences, all treatments preserttedchability far higher
than the minimum empirically recognized as beinghtdcally ideal for

mozzarella cheese, which is longer than 15cm.

3.8 Oiling Off

The results of “oiling off” from samples of mozzhaecheese are
presented in Table 10.

Table 10 Qiling off (%) of mozzarella cheese dgrstorage period

Treatment Storage period (days)

0 14 28 42
TnF 2.90% 3.13%® 3.90%® 3.0
TF 3.76" 4297 4.73% 4.838
MnF 2.434 3.258¢ 2.96°8 3.36%¢
MF 3.73* 4158 4.33% 4.10®

Means followed by same letter, capital lettersafumns and lowercase letters in rows,
do not differ statistically one to another by thak&y test at 5% probability. TnF
(thermophilic starter culture and non-frozen cufdy; (thermophilic starter culture and
frozen curd); MnF (mesophilic starter culture armhifrozen curd); MF (mesophilic
starter culture and frozen curd). Means of foyetiions. Day 0 corresponds to cheese
after 7 days of stabilization period.
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During 42 days of storage at 7°C, cheeses prategisie treatment TF
and MF present higher values of free oil conteomgaring with others
treatment (p<0.05). That comportment may occulabse freezing affect the
separation of free oil, probably due to some protEnaturation or the growth
of ice crystals. Also the rupture of the lipopratenembrane of the fat globules,
which could favor the coalescence of fat and thenédion of larger fat drops,
could lead to a greater separation of free ail.

In melting, mozzarella cheese usually forms oiloff) to a variable
extent, but in excessive amounts it is consideratksirable. This phenomenon
occurs mainly when casein matrix suffers denatomadiuring heating or damage
in fat globules, allowing fat to escape from thetnimaand concentrate on the
surface (FOX, 2000).

All treatments presented increasing values of giliff during storage
period at 7°C (p<0.05). These results are sintilathose encountered by
Rowney et al. (2004) and Cortez et al. (2008).

Despite the significant differences among treatsiemt oiling off, it is
possible to state that the results present valmtsare not detrimental to the
quality. Moreover, the results indicate that thedclieezing procedure does not
cause loss of quality of mozzarella cheese in spefunctional property of

oiling off.
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4 CONCLUSION

The results obtained allow us to conclude thaesaenanufacture with
frozen curd, as compared to conventional manufexgysrocess, did not differ
in sensory characteristics, technical yield andwbing. Cheese made with

frozen curd, presented higher oiling off propemy éess bright color.
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ABSTRACT

The study was conducted with the objective of eatihg the influence
of freezing on curd upon the rheological behaviomozzarella cheese along the
storage period. There were four treatments: ThErftophilic starter culture
and non-frozen curd); TF (thermophilic starter grdt and frozen curd); MnF
(mesophilic starter culture and non-frozen curdf; Whesophilic starter culture
and frozen curd). Three types of texture analysesevapplied: texture profile,
relaxation stress and uniaxial compression. Tladyaaes were conducted with
Stable Micro Systems model TA-XT2i. The rheologibahavior of mozzarella
cheeses was evaluated on days 0, 14, 28, 42 afistperiod refrigerated at 7°C.
All the rheological proprieties studied differedthwitime during the storage
period. Regarding the hardness parameter, allsekeécreased softening
texture during the storage time. The cheeses induteby frozen curd process
presented a higher hardness throughout the riggrériod. With the exception
of hardness, it follows that freezing of curd does affect the overall texture of
mozzarella type cheese.

Keywords: Relaxation test. Uniaxial compression.rdiass. Starter culture.
Elasticity.
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1 INTRODUCTION

Any material under an external force has a respbeseeen the two
ends of ideal behavior: an elastic solid and visdaquid. The first is described
by Hooke's law, while an ideal viscous liquid ob&ewton's law (GUILLET et
al., 2010; GUNASEKARAN; AK, 2000). However, mosiod behaves as a
viscoelastic material, depending on the tensioriegh@nd the time scale, they
may present solid properties of the liquid phasg atiquid material can show
properties of a solid body.

Like most of the solids and semisolid foods, chealigplays
characteristics both elastic solid and Newtoniamidfl these being called
viscoelastic. Rheological properties include irgiincharacteristics (elasticity,
viscosity and viscoelasticity) related to the cosipion, structure and strength
of the interactions between the elements of chéBse.microstructure of the
cheese is the main determinant of the rheologiedlitextural properties (FOX;
MCSWEENEY; LYNCH, 1998).

The viscoelastic behavior of food has been widglgdied in rheometers
that shear the sample, while the rheological patarmein tension or
compression are being increasingly used to chaiaet¢he texture of food
products. Furthermore, it is possible to charaotethe product low or high
deformations regardless of the type of force agp(iSHIHARA et al., 2011,
KARAMAN et al., 2011).

Thus, the aim of this study was to evaluate thecefbf the freezing of

curd on the texture and rheological properties ofrarella cheese.
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2 MATERIALS AND METHODS

2.1 Localization of the experiment

Raw milk was produced on the Dairy Farm and mozlzacheese was
manufactured in the Dairy Plant of Federal Institutf South of Minas —
Machado. The research work was conducted in thel Bmence Department,
Federal University of Lavras. The research wasedout to evaluate the effect
different starter cultures (mesophilic and thernilighand the freezing of curd

on different characteristics of mozzarella cheese.

2.2 Treatments

There were four treatments:

Treatment 1 TnF (thermophilic starter culture and-frozen curd);
Treatment 2 TF (thermophilic starter culture arotén curd);
Treatment 3 MnF (mesophilic starter culture and-fiomen curd);
Treatment 4 MF (mesophilic starter culture andédrozurd).

2.3 Cheese manufacturing process

Pasteurized milk with 3.5% fat and temperature stdjih to 34°C was
divided into four portions and worked in separaésyTwo vats were inoculated
with a starter culture containingactobacillus bulgaricusand Streptococcus
thermophilus (TnF and TF) and the others two vats (MnF and NAh
Lactococcus lactissubsp. cremoris and Lactococcus lactissubsp. lactis
(Christian Hansen’s Laboratory). After a ripeningripd of 30 minutes, rennet

(Ha-La® from Christian Hansen’s Laboratory) wasled and the milk was set
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for approximately 40 min. After this period, thedwvas cut and allowed to heal
in the whey for 10 minutes. Then with periodic dengitation, curd was

gradually heated from 34°C to 42°C over a perioB@Mminutes. After draining,

curds were cheddared until pH reached 5,2. Afiat, the curds obtained were
divided in different flow of processing, one parF(and MF) was frozen for 7

days at -18°C and the other (TnF and MnF) was hegmfocessed. The

stretching of curd was done by hand in water a&naperature of 75°C until the
uniform and elastic strands were achieved. Aftalding, the pieces were

immersed into brine (8°C -10°C, 20% salt), vacuwsked and stored at 4°C
and for 7 days for stabilization.

The manufacturing process of cheeses is described-igure 1
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[ Pastenrization {75°C for 155)
¥

[ Coolingta 37°C
¥

[ Addition of staster coltnre

—
(L. lactis +L_cremaris) | | 1% termophilss + L bulmrics)
—_— —
[ Renneting (40 minutes) I
[ Enrﬁn'guf-:u.fd I

¥
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Figure 1 Flow chart for preparation of mozzareleese
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2.4 Rheological properties

Texture profile analysis, stress relaxation testl aneasurement of
uniaxial compression were utilized to analyze textand rheological properties.

2.4.1 Texture profile analysis

The texture profile analyses (TPA) were performadteéxturometer
(Stable Micro Systems Model TA-XT2i; Goldaming, Hamud) under the
following conditions: pre-test speed of 1.0 mmésttspeed of 1.0 mm/s, post-
test speed of 1.0 mm/s, distance of 20.0 mm ancmssion with a cylindrical
aluminum probe of 6.0 mm (SZCZESNIAK; KLEYN, 19638ZCZESNIAK;
KLEYN, 1963b). The following parameters were sums/eyhardness,
adhesiveness, springiness, cohesiveness and gussnifibe analyses were
conducted in cylindrical samples 20 mm high and0 in diameter. The test

was performed in triplicate

2.4.2 Stress relaxation test

Several works studied mathematical methods to expiiee behavior of
viscoelastic food products, but the Maxwell andeBeiodels are used most
frequently to describe gels and alimentary syst¢ASDRES; ZARITZKY;
CALIFANO, 2008; BELLIDO; HATCHER, 2009; KHAZAEI; M®IAMMADI,
2009). The Maxwell model involves two simple eletsecombined in a series
to represent different behaviors. These two elesent the ideal elastic
element, which can be represented as a spring ad behavior defined by an
elastic constant (E), and the ideal viscous elem&hich is represented by a
dashpot and has a behavior defined by its visc¢gjtyCAMPUS et al., 2010).
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In the Maxwell model with a constant straig)( o describes the tension applied
from 60 for o(t) after a time t (NOBILE et al., 2007) as follaws

a(t) = = [E. EXp (—3 +E, )] (01)

where E is the elastic modulus of the material;i€¢he equilibrium elastic
modulus; and. is the relaxation time given hyE. Some foods do not follow
the Maxwell simplified viscoelastic model. Therefpithe description of their
behavior requires more complex models. An examgdlehs case is the
generalized Maxwell model, which consists of annitd number of Maxwell
models in parallel over a spring. The stress relamaurves (stress versus time)
can be adjusted by equation 2, which provides tbeoelastic parameters of the

generalized Maxwell model as follows:
a(t) = g [Elexp(—fn) + Elexp(—fn) +... +EE} (02)

where E1, E2 ... are the elastic moduli of the liddastic body; Ee is the
equilibrium elastic modulus; anéll, A2 ... are the relaxation times. The

viscosity of element “i” can be calculated accogdio equation 3 as follows:
n=E 4 (03)
In the Peleg model, stress relaxation data can rerpreted in

accordance with the stress normalized accordingeqaation 4 (PELEG;
NORMAND, 1983) as follows:
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Tt = kl + kgt (04)

op - ol £)

whereo(t) is the stress at any time during the tegtis initial relaxation stress;
and k1 and k2 are constants. The reciprocal klesgmts the initial decay rate,
and reciprocal k2 is the hypothetical value of &symptotic normalized force
that remains without relaxing (RODRIGUEZ-SANDOVAL &., 2009; TANG;
TUNG; ZENG, 1998).

The stress relaxation test was performed in a tewtater (Stable Micro
Systems Model TA-XT2i). The samples were cut inftincrical shapes (2.0 cm
in height and 2.0 cm in diameter) and compresse#.@86 of their original
height with a speed of 1.0 mm/s. The deformatios wept constant for 10.0
minutes, which allowed the stress to reach equilibr During that time, the
relaxation of tension was measured at a rate ofnie@sure per second. A
cylindrical probe with a diameter of 7.0 cm, whiblad been lubricated to
eliminate the influence of friction between the géarand probe, was used.

Three measurements were performed for each treatmiea nonlinear
regression program SAS for Windows was used tahdte the constants of the
Maxwell model. Determination of the Peleg modelstants was also performed

using the nonlinear regression program SAS for \ivsd

2.5.3 Measurement of the uniaxial compression

Compression tests were performed in a texturomébemble Micro
Systems Model TA-XT2i) using a 7.0 cm diameter praplinder. The samples
were cut into cylindrical shapes of 2.0 cm in heighd 2.0 cm in diameter and
compressed to 80.0% original height with a speetl.@fmm/s. From the force

versus time/deformation curve, the following prdjesr were calculated: true
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rupture stresso and true rupture strairg)(according to equations 5 and 6
(BAYARRI; DURAN; COSTELL, 2003; BAYARRI et al., 200 HAMANN,
1983):

ho—Ah

o=F(% .h.;.) (05)
hp

g=In - M) (06)

where F is the rupture forcBQ and AO are the initial height and cross-section
area of the sample, respectively, adll is the change in height during
compression. From the stress versus strain cuttvesrue rupture stressr(ip),
the true rupture strain (deformation Henckyrup) and work of rupture (Wrup)
were obtained. The true rupture stress is the pointhich gel fracture occurs (y
axis) (maximum stress in the graphic tension vemefrmation), and true
rupture strain is the strain at the break of thepa (x axis). The modulus of
elasticity (Young's modulus - E) was obtained fritv@ slope of the linear part of
the initial stress-strain curve using 2.0% deforamatand the work of fracture
(Wrup) was given by the area under the curve sthemgrsus the distance from
the rupture point.

2.6 Experimental design Statistical analysis

The experimental design utilized was a factoriad 2 x 4, completely
randomized, being: 2 starter culture (thermophiknd mesophilic), 2
technological procedures (conventional and froagnal)¢ during storage period
(0, 14, 28, 42 days), with 4 repetitions.
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One way ANOVA was performed to investigate the Higant
difference among cheese samples, using SISVARFERREIRA et al., 2000).

The Tukey test was employed to compare the treatmeeans.
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3 RESULTS AND DISCUSSION

3.1 Texture Profile Analysis

Table 01 presents the texture profile results efrttozzarella cheeses.

The functional properties and texture of mozzarglta particularly
related to the composition including protein, safipisture, fat and pH, the
percentage of soluble and insoluble Calcium, tB&ltium and the storage time
(GUNASEKARAN; AK, 2003; HARDY, 2004; MIETTON; GAUCHRON;
SALUN-MICHEL, 2004).



Table 1 Texture profile of mozzarella cheese predueith different starters cultures and frozen curd

Storage period (Days)

Properties Treatments ) 12 8 12
TnF 22.79bC 18.96 bB 17.48 bB 11.07 aA
TF 31.07 cB 27.84 cB 27.40 cB 16.60 bA
Hardness (N) MnF 17.80 aB 11.77 aA 10.54 aA 10.98 aA
MF 28.13¢C 24.21 cC 19.40 bB 12.38 aA
TnF -53.81 bB -72.85 bB 211.71 aA -81.18 bB
. TF -135.42 aB -199.18 aB -200.59 aB -304.68 aA
Adhesiveness (g.s) MnF -153.75 aA -143.25 abA -118.35 aAB -65.64 bB
MF -53.65 bA -108.85 abA -136.70 aA -110.11 bA
TnF 0.68 bAB 0.66 aAB 0.72 aB 0.64 aA
Springiness TF 0.72 cB 0.66 aA 0.63 aA 0.65 aA
MnF 0.61 aA 0.63 aA 0.70 aB 0.62 aA
MF 0.66 bA 0.65 aA 0.64 aA 0.64 aA
TnF 0.60 bB 0.54 aA 0.57 bcAB 0.55 aA
Cohesiveness TF 0.59 bB 0.53 aA 0.53 abA 0.52 aA
MnF 0.52 aA 0.54 aB 0.59 cC 0.53 aAB
MF 0.58 bB 0.54 aAB 0.51 aA 0.54 aAB
TnF 13.26 bC 10.43 bBC 9.28 bAB 7.32 aA
Gumminess (N) TF 16.32 cB 15.42 cB 17.85 cB 9.69 aA
MnF 9.44 aB 6.65 aA 6.18 aA 8.24 aAB
MF 14.66 bcB 7.81 aA 7.66 abA 7.16 aA

Means followed by same letter, capital lettersalumns and lowercase letters in rows, do not dstetistically one another by the
Tukey test at 5% probability. TnF (thermophilic rs¢a culture and non-frozen curd); TF (thermophgtarter culture and frozen
curd); MnF (mesophilic starter culture and non-&wzcurd); MF (mesophilic starter culture and frozend). Means of four

repetitions. Day 0 corresponds to cheese aftely3 distabilization period.

SOT
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Softening of the cheeses in all treatments durhmy dtorage period
(p<0.05) could be observed. These results dueet@itteolytic activities in the
cheese mass, cause a consequent loss of firmneswe afheese. Increased
proteolysis, as reported by Kindstedt (2004) andeyuJohnson e Horne (2003),
results in a reduction of the hardness of cheekesr@ason for this decrease is

owning to the cleavage mainly a§l-casein at Phe2Bhe24 bound by residual

chymosin activity which is associated with decrdase@mness during ripening.

Cheeses made with thermophilic culture presentggheni values of
hardness when processed with frozen curd (p<O®ughout the ripening
period, whereas cheeses made with mesophilic esltypresented higher values
in the first period (0 to 28 days), achieving ngngicant differences on day 42
(p>0.05). These may have occurred because theingpdemperature (7°C)
supposedly had less negative effect upon the mémophcteria activity than
upon the thermophilics ones, affecting the protgislyf cheese, as found in
Article 1, Table 4.

Cheese made with frozen curd presented higher sadfiehardness,
supposedly by the fact that freezing decreasebyttieation capacity of proteins.
Hydration of casein (assessed by the holding capatihe aqueous phase), as
reported by Kindstedt et al. (1995), increasesifsagmtly during the first weeks
after production, as free water is usually absodpgdkly by the protein matrix.
The ability of a cheese to retain its free aquepliase also depends on the
rigidity of the protein matrix.

Cheese texture development is accomplished inggstduring ripening.
In the first two weeks of storage, the cheese abmrfgom a rubbery to a
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smoother texture and a less curdy and more homogepiduct. During this
time, the casein network weakens as proteolysiaredey residual coagulant in
the cheese. Then, a further gradual change in ehémgure occurs as
proteolysis continues under the combined influesfche coagulant and starter
and nonstarter bacterial enzymes (ATTAIE, 2005; MAREZ-CUESTA et al.,
2001).

Sheehan (2004) studied the hardness of low fat amelta cheese and
the firmness of all cheeses decreased significdrgtween 1 and 70 days, and
the decrease in hardness was especially markedheoedges of the cheese.
Migration of salts from the edge towards the cenfdhe cheese in combination
with an increase in moisture in the board wouldehaffected the strength of the
lower edges.

MnF treatment had higher values of moisture, whalains because
there were low values of hardening. BhaskarachangaShah (1999) observed
that the hardness in mozzarella cheese has beente@pio decrease with
increase in moisture content.

Despite the high fat content, TF presented higlaues of hardening.
According to Rudan et al. (1999), as the fat cantdncheese decreased the
firmness increased and the low fat cheese has mulibgture and minimal
breakdown during chewing.

Despite significant differences encountered amaogei curd cheeses
and conventional cheeses, it is positive to stad¢ the difference observed is
not high enough to represent a defect in the chessdt is possible to consider
the freezing technology applied to curd a feasibjgion in mozzarella
manufacturing.

Regarding adhesiviness, TF treatment presenigerlgalues on day
42 of storage (p<0.05). In general, there was arease in adhesiveness over

the period.
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Springiness is the speed which the deformed métestarns to its
original condition after the deforming force is mad. No significant
differences (p>0.05) were observed for the refepathmeter in the cheeses
after days 28 and 42. Similar observations omgpress in Mozzarella cheese
was reported by Yun et al. (1993). Dong et al.0O@0showed that the elastic
nature of mozzarella did not change significantlying storage for 60 days.

Cohesion is a measure of the strength of inteinks$ lin the body of a
product (GUNASEKARAN; AK, 2003). The cohesivenest the cheeses
produced using treatments TnF, TF and MF was dseceduring the storage
period. There was no significant difference amohgr@atments on days 14 and
42 in the storage period (p <.05). Kindstedt (2084d Lucey, Johnson e Horne
(2003) in their studies with mozzarella cheesesesl that an increase in
proteolysis decreases cohesion in cheeses, ndesghbhat statement was not
confirmed by the results found.

Gumminess is the energy required to disintegrateemisolid food
to be swallowed. Regarding to gumminess, no sigif difference among all
treatments was observed in the initial day of gfer§p>0.05). Generally, the

values for gumminess decrease during storage time.

3.2. Stress relaxation test

Maxwell and Peleg models were utilized to defineealbgical

parameters in mozzarella cheese.

3.2.1 Maxwell model

Table 2 presents the results of stress relaxaésnusing the Maxwell

model of mozzarella cheeses.



Table 2 Stress relaxation test using Maxwell maxfeinozzarella cheese produced with different startaltures and

frozen curd

Storage period

Parameter Treatment 0 12 8 Y
TnF 50.14 aB 43.08 bB 18.00 aA 26.39 bA
Eo (NI TF 51.01 aB 36.10 abB 32.34 bB 7.84 aA
MnF 48.65 aC 24.20 aB 8.58 aA 15.74 aAB
MF 49.56 aB 49.87 bB 14.97 aA 12.28 aA
TnF 100.01 aB 98.37 bB 74.14 aAB 57.99 aA
. () TF 157.40 cB 138.71 cB 12754 bB 62.88 bA
MnF 134.87 bB 58.29 aA 57.46 aA 46.35 aA
MF 161.55 cB 96.56 bA 75.88 aA 77.81 bA
TnF 106.67 aA 109.15 aA 106.54 aA 99.20 aA
\ ) TF 98.39 aA 96.31 aA 96.82 aA 88.07 aA
MnF 106.33 aA 100.17 aA 99.81 aA 110.72 bA
MF 103.13 aA 105.22 aA 108.57 aA 108.52 bA
TnF 10754.28 aB 10784.27 bB 7016.13 aAB 5473.58 aA
TF 12627.60 bB 13342.15 cB 14879.74 bB 8422.61 bA
n (Pas) MnF 10027.28 aB 5956.63 aA 5705.36 aA 5144.53 aA
MF 1435311 cA 17249.89 dB 15200.41 bA 8480.12 bA

Means followed by same letter, capital lettersalumns and lowercase letters in rows, do not dstatistically one to another by the
Tukey test at 5% probability. TnF (thermophilic ¢a culture and non-frozen curd); TF (thermophgiarter culture and frozen
curd); MnF (mesophilic starter culture and non-&wzcurd); MF (mesophilic starter culture and frozemd). Means of four

repetitions. Day 0 corresponds to cheese afteryg df stabilization period.

60T
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The possibility of using the generalized Maxwelldabto describe the
stress relaxation behavior of food matrices wasesded in the work of Nobile
(2007), and can be considered representative ade@range of food matrices.

Values were obtained by the simplified Maxwell mip@es there was no
considerable improvement in relation to the R%®drversus time curves) when
the Maxwell model of two elements and a spring tested. Maxwell's model
was able to satisfactorily describe the viscoatdséhavior of the cheese, once
the experimental curves obtained in this experinstioived a good correlation
(R2>0.99).

Regarding the values ofyland g, the mean values of all treatments
decreased during the storage period (p <0.05)catidig a softer structure of
cheeses during time.

In the first day of storage, cheeses produced faithen curd had the
highest values of Ecompared with conventional mozzarella cheeses. &hos
results of treatments TF and MF show a higher &6 of these cheeses
compared to treatments TnF and MnF (p<0.05).

A high value for the modulus of elasticity (E) segts that the casein
matrix is continuous elastic with strong intermailec attractions (FOX;
MCSWEENEY; LYNCH, 1998). The elastic moduli are gaeters for
quantifying the stiffness of a material (PELEG, 188the samples with the
highest elastic modulus values are the stiffeseras.

The values of relaxation time\) during the storage period at 7°C
present no significant difference (p>0.05) amondgraatments. There were also
no significant differences among treatments urdiy @8 of storage (p>0.05).
On day 42 of storage period, MnF and MF had higtadwes of relaxation time
compared to with TnF and TF treatments (p<0.05).
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In general, the mean values of viscosity decreased during the storage
period, with no significant difference among treatits at day 0 of the analysis
(p <0.05).

Cheeses produced with frozen curd present higheleseof viscosity
compared to conventional mozzarella cheeses dthingvhole period of storage
(p<0.05). Until day 28, MF treatments had the hgjhealues of viscosity
compared to the other treatments (p<0.05).

The coefficient of viscosity is a measure of thelyeesistance to flow
when it is subjected to tension and in this cafleats the smoothness of the
cheese. The higher deformation resistangg ¢orresponds to the lower
smoothness of the cheese (FOX; MCSWEENEY; LYNCH8)9

In this case the reduction in the modulus indicatedecrease in the
tendency of the material to recover its originaitiowhen an applied stress is
removed. The decrease in the coefficient of vidgasticates a lower resistance
to deformation when the cheeses are subjectedngiote Therefore with the
decrease of the elastic modulus (E) and viscosigfficient @1), the cheeses
were softer and less elastic during storage (FOXGSWEENEY; LYNCH,
1998).

Similar results of modulus and viscosity were aledi by Rensis,
Petenate e Viotto (2009) studying the rheologicapprties of the Prato cheese
with reduced fat content.

Verdini e Rubiolo (2002) studied Port Salut chemsé observed that as
ripening time increased, elastic module and vis@ssiobtained from the
Maxwellian model diminished, their being lower ietexternal zone during the
whole ripening period. Lower values of both elastioduli and viscosities

characterized cheese softening in both zones.
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3.2.2 Peleg Model

The results of the stress relaxation test, usiegPttleg model are shown
in Table 03.

The Peleg model presents a satisfactory correlatitim experimental
curves (stress versus time) obtained for mozzamikeses, demonstrated by
high values of determination coefficients’$R.99). Application of Peleg model
to describe the data of relaxation is a simplified/ to describe and compare the
relaxation test, because it uses only two propertlee initial decay rate (1/k1)
and asymptotic normalized force (1/k2) (BHATTACHARY?2010; SOZER;
KAYA; DALGIC, 2008).



Table 3 Measurement of the stress relaxation testazzarella cheese produced with different startadtures and
frozen curd

Storage period

Parameter Treatment 0 12 58 Y
TnF 24.52 aA 24.15 aA 24.93 aA 24.08 aA

K (5-1) TF 29.15bB 29.74 bB 27.99 bAB 23.88 bA
MnF 26.81 aA 26.78 aA 25.02 aA 24.04 aA
MF 28.15 bA 28.77 bA 27.82 bA 28.33 bA
TnF 1.16 bC 1.14 cBC 1.05 bA 1.13 bB

ks TF 1.11 aC 1.06 aB 1.04 bAB 1.02 aA
MnF 1.10 aB 1.12 bcB 1.01 aA 1.07 abB
MF 1.16 bC 1.08 abB 1.03 abA 1.02 aA

Means followed by same letter, capital lettersatumns and lowercase letters in rows, do not difetistically one another by the
Tukey test at 5% probability. TnF (thermophilic ri¢a culture and non-frozen curd); TF (thermophgtarter culture and frozen
curd); MnF (mesophilic starter culture and non-&zcurd); MF (mesophilic starter culture and frozenmd). Means of four

repetitions. Day 0 corresponds to cheese aftey3 distabilization period.

ETT
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The mozzarella cheeses present significant differefp<0.05) to
parameter k(Table 3). Cheeses processed with frozen curchitgmbr values to
this parameter, comparing to conventional cheesés therefore, had lower
initial decay rate (1/8. Then, mozzarella cheeses processed with fromesh ¢
were firmer (hardness) than the others, matching tardness results
encountered in texture profile analysis (Table 1).

The physical sense of the parameteiskexpressed by its opposite, and
represents the rate of decay of the tension )tk the case of viscoelastic solid,
the smaller the value of L/kthe slower is relaxation of tension. A lowerueal
of 1/k1 suggests a more rigid material, which giags less energy, and thus
requires more force for its deformation (RODRIGUSANDOVAL et al.,
2009). The reciprocal of k1 represents the initacay rate of the initial
modulus and is a measure of how easily the mateefalrms. Higher values of

k1l suggest a harder, more solid material that jt$ss less energy, thereby

requiring more force to be compressed (GUO; CASTHPHREZ; MOREIRA,

1999).

In relation to property X it is possible to observe an inconsistence of
results. The same inconsistence occurred in eeglfltspriginess in texture
profile analysis. In cheeses, higher values of patar k represent less viscous
component and higher elasticity.

The reverse of Xk represents the asymptotic level to which the
normalized force decays when the time of relaxatemds to infinity. In this
case the value of 1/karies from 0 for purely elastic solid (0% relarafi and
one for purely viscous liquid (100% relaxation)heTproperty 1/kis the degree



119

of relaxation of the material (BELLIDO; HATCHER, @9; RODRIGUEZ-
SANDOVAL, 2009). This property represents the aftiilim conditions of the
material, related to the portion of the materiaiahiremains without relaxation
at equilibrium (PELEG, 1980).

Verdini e Rubiolo (2002) showed that in soft cheeghe parameters
derived from Peleg’s model (kland k2) diminishedimty ripening and were
lower in the external zone showing that cheese less solid in the external

zone and became less solid in both zones duringratatn.

3.3 Measurement of the uniaxial compression

Table 4 shows the results of the resistance topoession parameters:

true rupture stress, true rupture tension, modoluglasticity and work of

rupture of mozzarella cheese.



Table 4 Measurement of the uniaxial compressiomofzarella cheese produced with different starteitires and

frozen curd

Parameter

Storage period

Treatment

0 14 28 42
TnF 66879.19 aC 57848.54 bBC 44024.58 aB 27621A89 a
Orup (N/mM2) TF 105518.07 cC 67318.11 cB 86913.66 cBC 2962789 b
MnF 58398.32 aC 46765.88 aB 36462.66 aAB 2675904 a
MF 81553.11 bB 65157.17 cB 57296.61 bA 29426.47 bA
TnF 1.28 aA 1.43 aAB 1.26 aA 154 cB
c TF 1.35aA 1.45 aA 1.42 aA 1.28 aA
TP MnF 1.40 aA 1.53 aA 1.48 aA 1.46 bcA
MF 1.37 aA 1.39 aA 1.40 aA 1.31 abA
TnF 115562.75 bD 81828.50aC 43734.50 bB 33750.75 aA
E (N/m?) TF 137328.50 cC 108964.75 bB 81642.25 dB 45010475 b
MnF 103741.00 aC 79814.75 aB 31134.50 aA 34525025 a
MF 134918.75 cD 105147.00 bC 68811.25 cB 47864.5 bA
TnF 75056.47 aB 63347.42 bAB 54406.04 bcA 4932040
Wi (KI/M?2) TF 66814.48 aB 66194.12 bB 77004.20 cB 28005.60 abA
P MnF 55700.41 aB 40850.76 aA 33592.17 abA 336596 b
MF 64509.84 aB 63632.46 bB 27046.69 aA 18719.46 aA

Means followed by same letter, capital lettersalumns and lowercase letters in rows, do not dstetistically one another by the
Tukey test at 5% probability. TnF (thermophilic ¢a culture and non-frozen curd); TF (thermophgiarter culture and frozen
curd); MnF (mesophilic starter culture and non-&zcurd); MF (mesophilic starter culture and frozemd). Means of four

repetitions. Day 0 corresponds to cheese aftey3 distabilization period.

9TT
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Cheeses processed with frozen curd had higher sraluaupture stress
(p<0.05) as compared to conventional mozzarell@st®e which indicated that
the former cheeses had more rigid behavior. Attiments present decrease of
rupture stress along storage period at 7°C (p<Ql®)ing a softer behavior
during time.

True rupture stresss{,;) is defined as the stress required to break the
food matrix (CUNHA, 2002). According to Marudovadadgilov (2003), higher
true rupture stress presupposes a more rigid bathane true rupture stress is
defined as the stress required to break the proteitrix and this property is
related to the hardness of mozzarella cheese (MIGSWEENEY; LYNCH,
1998).

There was no significant difference in true ruptugteain between
treatments on 0, 14 and 28 days of storage (p »0Oif8icating that cheeses
produced with frozen curd were rigid and strong] aonventional mozzarella
cheeses were less hard and brittle. On day 42 rédfisant difference among
treatments (p <0.05) is observed.

True rupture straing(,,) indicates the brittleness of the food texture, i.
the extent to which the product can be deformedhanit tearing (CUNHA,
2002). Materials with high true rupture stress &m@ rupture strain are rigid
and strong, whereas materials with high true rgpsiress but with low values
of true rupture strain are hard and brittle.

Cheeses processed with frozen curd present higilieew (p<0.05) of
elastic modulus comparing to conventional mozzarefieeses, which indicated
that the first had more rigid behavior. All treaimts of mozzarella cheeses
increase softness along period of storage (p<O0B&)ds with high values of
elastic modulus (E) are more rigid (FRAEYE et 2010).

There was no significant difference between moilzaoheeses on the

first day of storage (p>0.05). Regarding the wafrkupture of all treatments of
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mozzarella cheeses, the values decrease duringntkeof storage (p<0.05),
indicating that on that day the energy requiredniduce rupture of gel was
similar.

Barros et al. (2006) observed the rheological bielhasimilar to the
properties of uniaxial compression test, by stuglyihe taste and texture of

cheese Prato.
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4 CONCLUSION

Mozzarella cheeses produced with frozen curd pessesore elevated
hardness compared to conventional cheeses. Cheesds with frozen curd
were more rigid and elastic rigid as compared taveational processing
cheeses.
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ABSTRACT

The effect of frozen curd on the microstructurenafzzarella cheese
during storage period was evaluated. Cheeses wesaduated for the
microstructure on day 0 and 42 of storage period’°&, by transmission
electron microscopy (TEM model Zeiss EM 109). Tlectron micrographs
showed that the treatments evaluated had effjeoh the characteristics of
microstructures. Protein network presented differdoehaviors among
treatments and throughout the storage period. iRrotatrix became denser in
cheeses from all treatments, from day 0 to dayT#2. distribution and volumes
of fat globules were compared, as well as the aspeglobules. The fat
globules suffered more partial churning in chedsa® frozen curd, compared
to the conventional one, regardless being, in lbbgeses, evenly distributed in
the protein matrix. The presence of crystals (atiise inclusions) was noticed
and lactic acid bacterial cells were visualizedhe Tnteraction of constituents of
mozzarella cheese was observed and the intermedaiim of components was
compared among treatments and between 0 and 42flsysage.

Keywords: Starter cultures. Transmission electroorascopy. Fat globules.
Protein matrix. Coalescence.
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1 INTRODUCTION

Composition and structural characteristics affetie tfunctional
properties of mozzarella cheese during ripening pioteolysis that takes place
during this period is the principal driving forcehind age-dependent functional
changes in cheese mass.

Cheese texture, determined by chemical composiiiod physical
properties, is largely a function of cheese mictadtire. The microstructure of
Mozzarella cheese has been studied by transmissiectron microscopy,
confocal laser scanning microscopy, and scannirgtrein microscopy to
determine the changes occurring during cheese makineese is stated by Hort
and Le Grys (2001) to have a microstructure congjsmostly of the casein
matrix in which the fat globules are entrapped;aevatr serum is both bound to
casein and fill interstices of the matrix that fera network. Thus, knowledge
and understanding of the way in which milk compdseand functional
ingredients affect cheese microstructure make sside to direct the industrial
processes towards the production of high-qualigesles. Electron microscopy
is one of the methodologies which may contributéhie purpose.

Freezing is effective in extending shelf life ofeelse, but it may affect
the final quality of the product. Some studies ((UGUNASEKARAN, 2009;
REID; YAN, 2004) have shown that the modificatiohphysical properties of
Mozzarella cheese due to the freezing processsvagrigatly depending on the
methodology and operating conditions of freezingzén storage, and thawing.

Microstructure is one of the major controlling fa&t of texture and
functional properties of cheese. Clearly, a majooit the functional properties
are associated, according to Gunasekaran e Ak Y20i@3 the rheology of the
solid and melted cheese. Particularly, Lucey, Johng Horne (2003),
Montesinos-Herrero et al. (2006), Ustunol, Kawae!l8teffe (1994) e Zhou and
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Mulvaney (1998), related some viscoelastic pararadte functional properties
of cheese.

Given the deleterious changes freezing of cheesmqies in texture
and functional properties in general, new techriegiust be sought in order to
overcome the problem. The freezing of curd prioetshing in replacement of
freezing of the cheese appears to be a potentihative. On the basis of this
knowledge, the objective of this study was to itigade the effect of freezing of
curd and starter culture on the microstructureast filata mozzarella cheeses

during storage period.
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2 MATERIAL AND METHODS

2.1 Localization of the experiment

Raw milk was produced on the Dairy Farm and mozlzacheese was
manufactured in Dairy Plant of Federal InstituteSoiuth of Minas — Machado.
The research work was conducted in the Plant Raiiohnd Food Science
Department, Federal University of Lavras. The redeavas carried out to
evaluate the effect of different starter cultunegg$ophilic and thermophilic) and

the freezing of curd on different characteristitsnozzarella cheese.

2.2 Treatments

There were four treatments:

Treatment 1 TnF (thermophilic starter culture and-frozen curd);
Treatment 2 TF (thermophilic starter culture arokén curd);
Treatment 3 MnF (mesophilic starter culture and-fitomen curd);
Treatment 4 MF (mesophilic starter culture andédrozurd).

2.3 Cheeses manufacturing process

Pasteurized milk with 3.5% fat and temperature stdjh to 34°C was
divided into four portions and worked in separa&syTwo vats were inoculated
with a starter culture containingactobacillus bulgaricusand Streptococcus
thermophilus (TnF and TF) and the other two vats (MnF and MR)hw
Lactococcus lactissubsp. cremoris and Lactococcus lactissubsp. lactis
(Christian Hansen’s Laboratory). After a ripenipgriod of 30 minutes, rennet

(Ha-La® from Christian Hansen’s Laboratory) wasled and the milk was set
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for approximately 40 min. After this period, thedwvas cut and allowed to heal
in the whey for 10 minutes. Then with periodic dergitation, curd was

gradually heated from 34°C to 42°C over a perioB@Mminutes. After draining,

curds were cheddared until pH reached 5,2. Aftat, the curds obtained were
divided in different flows of processing, one p@f and MF) was frozen for 7

days at -18°C and the others (TnF and MnF) werdile@rocessed. The

stretching of curd was done by hand in water a&naperature of 75°C until the

uniform and elastic strands were achieved. Aftalding, the pieces were

immersed into brine (8°C -10°C, 20% salt), vacuweked and stored at 4°C
and 7 days for stabilization.

The manufacturing process of cheeses is deschibEijure 1



[ Raw milk
¥

[ Pastenrization {73°C for 135)
¥

[ Coalingte 37°C
¥

[ Addition of starter culinre

—I—._.-._._._.-._

(L lactis + L. cramaris) | | 15 termophius+ L bulmrios)

Rennsting (40 minotss)
k. J
| Cotting of cord
¥
| Cooking of cheese curd (37°C to 42°C in 40 min) |
k. d
[ Drzininz of whay I
L

Dresied acidifty at which curd will stretch in hot water

p— ——

[ szensmm_aﬁ;f'-'da}'s I l ]'-I-:l's-'n:lm_a

g _-—'—"'_._.-._
[ Plasticisiz (8(-85°C/23 min)
| ]'-.I-:mJl.'lin;:'nTu shapes
[ Iﬂ:u:&minninn:‘nj]]a:l{ﬁ-:ﬂ:qlhﬁne{ﬂﬂii strenzth) |
[ Pa-:lr.ing:n-:lsmn_aa I
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2.4 Sampling of cheese

The prepared cheese samples were fixed in modii@ahovsky and
stored in refrigerated camera (4°C) for a minimun24 hours. The preparation
and observation of cheese samples prepared watedcaut in the Laboratory
of Electron Microscopy and Ultra structural Anal/qLME), Department of
Plant Pathology, Federal University of Lavras, M@e protocol of the LME for
further analysis in Transmission Electron Microse@as used.

The monitoring of the ripening for analysis to @werize the
microstructure of cheese samples was conducteadym@ 14, 28, 42 of storage

under refrigeration after production.

2.5 Transmission electron microscopy

The pre-fixed samples were cut into 1fpieces, which were washed
with phosphate buffer three times for 10 minutesstfixed in 1% osmium
tetroxide for 2 hours, washed three times in distiwater and transferred to
0.5% solution of uranyl acetate for 12 hours a€4°

After this period, they were again washed with idigst water three
times and dehydrated in acetone gradient 25%, 3%, 50%, 70%, 80%,
85%, 90%, 95%, 30 minutes each and 100% three fion& minutes each.

Then the material was embedded in increasing gradieSpurr resin:
acetone at the following concentrations: 1:3 forhb2irs, 1:2 for 24 hours, 1:1
for 24 hours, 2:1 for 24 hours and twice using pwsn (100%) for 24 hours
each, and then the samples assembled into silivahé@s and placed in oven to
polymerize at 70 ° C for 8 hours.

After the polymerization period, the resin blockstaining the sample

went through a trimming process to remove excesia end then were cut in an
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ultramicrotome MT-Leica Ultracut model. The histgical sections were
collected on copper grids, contrasted with 2% urametate and 0.2% lead
citrate for 3 minutes each. After drying, the spesms were observed under

transmission electron microscope (TEM model Zelgs1D9).
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3 RESULTS AND DISCUSSION

3.1 Analysis of the structure of cheeses by transgesion electron microscopy

Microscopic characterization of cheeses by transions electron
microscopy can be observed in Figure 1 and Figuieh2 qualitative study of
electronmicrographs shows the distribution of pratgdarker structures) and
fats (whiter structures), then the incidence oftitadacteria culture and

crystalline inclusions in the mass of cheese.

Figure 1 Transmission electron microscopy electiorographs (3000x) of
samples of mozzarella cheese on the first daypeiing. A= TnF, B
=TF, C = MnF and D = MF
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Figure 2 Transmission electron microscopy electionmgraphs (3000x) of
samples of mozzarella cheese on day 42 of mataratho= TnF, B =
TF, C = MnF and D = MF

Protein matrix, fat globules individually and inffdirent sizes and
shapes, lactic culture and formation of calciunissatystals may be observed
(3000x) in the eletronmicrographs.

The detailed analysis of the microstructure of theese can provide
information about the quality of the final produ@specially regarding the
distribution of proteins and fats, as well as theeractions among the

constituents during maturation.
3.2 Fat globules
Regarding to fat globules, electromicrographs @feses utilizing frozen

curd (TF and MF) had greater volume as comparethé@ses made with non
frozen curd (TnF and MnF). That may be due todammage of ice crystals on
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fat globules membrane during freezing and thawiubich leads to partial
coalescence and then forming a drop-like struatéifarger volume.

The rupture of the fat globules observed on thetelamicrographs
explains the significantly higher values of oilimdf in frozen curd cheeses
(Article 1,Table 10), once the fat is devoid ofritembrane and exposed to high
temperature of baking, it melts, dissociates ftbeprotein matrix, migrates to
the surface of cheese, and when in excess, bringgt dhe defect known as
“oiling off".

Fat plays an important role during the process od€rastructure
development in pasta filata cheeses, accordingdigldhon, Fife e Oberg (1999)
by interrupting fusion in the protein matrix anayiding space for fat and whey
to be retained. Although that higher volume ofpdlie fat structure of cheese
made with frozen curd did not interfere in the meillity and stretchability of
cheeses (Article 1, Table 8 and Table 9).

Despite that difference in volume, the fat globubdésrozen curd and
conventional cheeses were uniformly distributedthe protein matrix. The
appropriate distribution of fat structures possitijnimizes the negative effects
of great volume drops in treatments TF and MF, @névthem from further

coalescence.

3.3 Protein matrix

The electromicrographs show that the protein mdteigomes denser, in
all treatments, as the storage period advancesthendievelopment of a less
fibrous appearance occurs, promoting a more compacdt homogeneous
structure. This behavior was also observed by santkors (KHEADR et al.,
2002; MERRIL et al., 1996; SILVA, 2006). Kuo et §2001) explained that

water migrates (adsorbed) into and becomes anraitg@rt of the protein
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matrix. Moreover, Paulson, Mcmahon e Oberg (196brted that the volume
of the protein matrix increases, resulting in thetgin matrix filling the spaces
previously occupied by the serum pockets and voids.

On the first day of storage, these serum pockeisdd crack-like in the
microstructure of protein matrix (Figure 1PDiefes et al. (1993) suggested that
local dehydration of proteins and ice crystal fotiovain cheese during freezing
and frozen storage might cause breaks in the preteictures that allow small
fat globules to contact each other and form gramuléose damages in the
protein matrix also explain the greater volume af globules in frozen curd
cheeses (TF and MF).

Kuo, Anderson e Gunasekaran (2003) proposed tbarifig of cheeses
might result in a more extensive breakdown of theese structure due to
recrystallization of melted ice crystals. After wiag, the proteins are unable to
fully rebind water; therefore water is less conéirie the protein matrix, leading
to a more porous protein matrix in frozen-storemhgas. A large portion of the
reticular structure of the unfrozen pasta filatazivkrella cheese was damaged
by crystals, and the protein matrix became moreymrn the frozen-stored
pasta filata Mozzarella cheese sample. The dersparchof the protein matrix
was observed in other studies conducted by somwou{KHEADR et al.;
2002; MERRIL et al., 1996; SILVA et al., 2006). recha et al. (1996)
suggested that ruptures in the junctions of thel gwanule of cheese samples
may be attributed either to ice crystal formationas a result of stresses in the
matrix due to immobilization of the aqueous phase figezing while ice
expands which results in cracks.
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3.4 Crystalline inclusions

Crystalline inclusions were observed in the imagfesiozzarella cheese
in all treatments during the storage period (Figlirend Figure 2). These
inclusions were compared and identified as beiagreety of calcium salts. The
location of the salts in the spaces between tharfdtprotein matrix suggests
that they were developed from whey pockets in trepex.

Agarwal et al. (2006) stated that in cheddar chethsesoluble form of
calcium in cheese can readily combine with lacthtam lactose fermentation)
to form calcium lactate, and as the concentratibwadcium lactate exceeds
saturation, microcrystals of calcium lactate (orenspecifically, calcium lactate

pentahydrate) are formed.

3.5 Lactic acid bacteria

The electromicrographs of all mozzarella cheesésctie lysed cultures
of lactic acid bacteria, and the formation of dsprcharacterized by the
formation of folds in the dead cell, not absorbetb ithe cheese matrix was
visible. This fact was also observed by Palagd.€2002). It was also possible
to detect samples (TF and MF) containing noticeahlenps of bacteria, about
0.8 um in diameter, which were not observed in the TnMm= samples,
resulting in the formation of cracks in the protematrix. The lysed bacteria
possibly contribute to higher values of depth pkriing, due to the activity of
proteolysis released in the protein matrix (Artitlgable 4).

It was postulated that the distribution of bactenanonpasta filata
Mozzarella cheese samples was uneven (KHEADR egP@02). Upon frozen
storage, the local in the cheese matrix where thizsderia were embedded

might be more susceptible to damage (SILVA et2406).
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4 CONCLUSION

The results obtained allow us to conclude that racdlm cheese
manufactured with frozen curd, as compared to amiweal manufacturing
process, presents more intense damages in thelglotmmbrane, consequently
more coalescence and higher volume of clustersepting a more uneven
shape of the clusters. The protein matrix of abedes had denser aspect on

day 42, compared to day 0, all treatments disptpifie same behavior.
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