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Obtencdo de peptideos bioativos a partir da hidroli se
enzimatica de caseinato ovino e soro de queijo ovin o'

Autor: Ana Paula Folmer Corréa
Orientador: Adriano Brandelli

RESUMO

Peptideos bioativos sdo foco de pesquisas devido ao interesse relacionado a
suas propriedades antioxidantes, anti-hipertensivas, entre outras. Enzimas
proteoliticas microbianas aparecem como potentes biocatalisadores para a
obtencdo de hidrolisados protéicos e peptideos bioativos em escala
industrial/comercial. Neste estudo, hidrolisados de caseinato ovino e soro de
gueijo ovino foram produzidos utilizando enzimas proteoliticas de Bacillus sp.
P7, e as atividades antioxidantes (sequestro de radicais, atividade quelante de
ferro e poder redutor), antimicrobiana e anti-hipertensiva (inibicdo da enzima
conversora de angiotensina-l (ECA)) dos hidrolisados foram avaliadas. A
atividade antioxidante dos hidrolisados de caseinato ovino, quando avaliada
pelo método da captura do radical &cido 2,2’-azinobis-(3-etil-benzotiasolina-6-
acido sulfénico) aumentou com o tempo de hidrélise em até 2 h, mantendo-se
estavel durante 4 h. Os hidrolisados mostraram baixa capacidade em capturar
o radical 2,2-difenil-1-picrilidrazila (DPPH), apresentando maior atividade (31%)
apos 1 h de hidrélise. A capacidade de quelacdo de Fe*" foi maxima em 0,5 h
de hidrolise (83,3%), decrescendo em seguida, e o maior poder redutor foi
observado apés 1h de hidrolise. A inibicdo da atividade da ECA aumentou até
2h de hidrolise (94% de inibicdo), diminuindo ap6s esse tempo. Hidrolisados
apos 3h mostraram inibir a multiplicacdo de Bacillus cereus, Corynebacterium
fimi, Aspergillus fumigatus, e Penicillium expansum. Nos hidrolisados de soro
de queijo ovino a proteina solivel e aminoacidos livres tenderam a aumentar
durante o tempo de hidrolise por até 4h. A atividade antioxidante dos
hidrolisados avaliados pelo método da captura do radical acido 2,2’-azinobis-(3-
etil-benzotiasolina-6-acido sulfénico), aumentou de Oh (15,9%) para 6h
(51,3%). A maxima quelacdo de Fe?" foi observada em hidrolisados ap6s 3h, e
0 pico do poder redutor em 1h de hidrolise, representando aumentos de 6,2 e
2,1 vezes, respectivamente, quando comparado com 0 soro de queijo néo
hidrolisado. A inibicdo da ECA pelo soro de queijo ovino (12%) aumentou
através da hidrolise, alcancando valor maximo (55% inibicdo) em 4h de
hidrolise; no entanto, uma inibicdo de 42% foi observada apos 1h de hidrdlise.

1/ Tese de doutorado em Microbiologia Agricola e do Ambiente, Instituto de
Ciéncias Basicas da Saude, Universidade Federal do Rio Grande do Sul, Porto
Alegre, RS, Brasil. (101 p.) Margo, 2013.



Obtaining bioactive peptides from enzymatic hydroly sis of
caseinate and sheep cheese whey *

Author: Ana Paula Folmer Corréa
Orientation: Adriano Brandelli

ABSTRACT

Bioactive peptides are a focus of research due to the interest related to their
antioxidant and antihypertensive properties, among others. Microbial proteolytic
enzymes appear as potent biocatalysts to obtain protein hydrolysates and
bioactive peptides on an industrial/commercial scale. In this study, ovine cheese
whey and ovine caseinate were produced using proteolytic enzymes from
Bacillus sp. P7, and the antioxidant (scavenging of the radical, iron-chelating
activity, and reducing power), antimicrobial, and antihypertensive (inhibition of
the angiotensin-I converting enzyme(ACE)) activities of the hydrolysates were
evaluated. Antioxidant activity measured by the 2,2 -azino-bis-(3-
ethylbenzothiazoline)-6-sulfonic acid method increased with hydrolysis time up
to 2 h, remaining stable for up to 4 h. Hydrolysates showed low 2,2-diphenyl-1-
picrylhydrazyl radical scavenging abilities, with higher activity (31%) reached
after 1 h of hydrolysis. Fe**-chelating ability was maximum for 0.5 h
hydrolysates (83.3%), decreasing thereafter; and the higher reducing powerwas
observed after 1h of hydrolysis. ACE-inhibitory activity was observed to
increase up to 2 h of hydrolysis (94% of inhibition), declining afterwards. 3 h
hydrolysates were shown to inhibit the growth of Bacillus cereus,
Corynebacterium fimi, Aspergillus fumigatus, and Penicillium expansum.
Soluble protein and free amino acids tended to increase during hydrolysis of
SCW for up to 4 h. Antioxidant activity of hydrolysates, evaluated by the
2,2’azino-bis-(3-ethylbenzothiazoline)-6-sulfonic  acid radical scavenging
method, increased 3.2-fold from 0 h (15.9%) to 6 h of hydrolysis (51.3%).
Maximum Fe?" chelation was reached in 3-h hydrolysates, and the reducing
power peaked at 1 h of hydrolysis, representing 6.2- and 2.1-fold increments,
respectively, when compared to that of non-hydrolyzed SCW. ACE inhibition by
SCW (12%) was improved through hydrolysis, reaching maximal values (55%
inhibition) in 4-h hydrolysates; however, a 42% inhibition was already observed
after 1 h of hydrolysis.

1/Doctoral Thesis in Agricultural and Environmental Microbiology, Instituto de
Ciéncias Bésicas da Saude, Universidade Federal do Rio Grande do Sul, Porto
Alegre, RS, Brazil. (101 p.) March, 2013.
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1. INTRODUCAO

Peptideos bioativos sdo, atualmente, foco de muitas pesquisas
relacionadas principalmente as atividades antioxidante, antimicrobiana e anti-
hipertensiva. As proteinas lacteas constituem uma fonte potencial destes
compostos e estdo entre as mais estudadas. As atividades biolégicas e
fisiol6gicas das proteinas do leite sdo atribuidas a diversos peptideos cripticos
presentes na estrutura protéica. Tais peptideos ndo apresentam atividade
biolégica na proteina nativa, sendo liberados atravées de hidrolise. As
propriedades dos peptideos bioativos derivados de proteinas do leite tém sido
exaustivamente investigadas, e um namero crescente de tais moléculas tém
sido identificadas em hidrolisados destas proteinas e em produtos lacteos
fermentados. Investigacdes relatam geralmente a producdo de peptideos
bioativos, através da hidrolise de proteinas do leite bovino. No entanto, as
proteinas do leite de diferentes espécies (ovinos e caprinos, por exemplo), e a
alta variabilidade genética das proteinas do leite podem originar diferentes
peptideos bioativos. A maneira mais comum para gerar peptidos bioativos é
através da hidrdlise enziméatica de moléculas da proteina nativa.

Para a obtencdo de hidrolisados com qualidade nutricional elevada e
com propriedades desejaveis e agradaveis ao consumidor, é importante o
controle das condic¢des hidroliticas, como pH, temperatura, enzima, tempo de
hidrélise, tipo e concentragdo do substrato, relacdo enzima:substrato e

inativagdo enzimatica ao final do processo.



Varios peptideos ja foram isolados e caracterizados, apresentando
atividades antioxidantes, imunomodulatoria, antimicrobiana e antiviral,
antitumoral, antidlcera, antihipertensiva, anticoagulante, opioide, ergogénica,
hipocolesterélemica, e moduladora dos fatores de crescimento celular.

Enzimas proteoliticas provenientes de varias fontes (animal, vegetal e
microbiana) tém sido empregadas com sucesso na producdo de peptideos
bioativos. Como os microrganismos podem ser cultivados através de métodos
bem estabelecidos, produzindo grandes quantidades de enzimas, as proteases
microbianas aparecem como interessantes biocatalisadores para a obtencdo
de hidrolisados protéicos e peptideos bioativos em escala comercial. Dada a
potencialidade da hidrolise enzimatica na obtencédo de peptideos bioativos, a
investigacdo de novas enzimas proteoliticas representa um importante recurso
que visa desenvolver novos produtos e processos biotecnologicos com
aplicacdo comercial/industrial a partir de diferentes matérias-primas, como o
soro de queijo e 0 caseinato ovino.

Nesse contexto, os objetivos desse estudo foram: a) verificar os efeitos
da hidrodlise controlada de caseinato ovino e soro de queijo ovino, pela acao de
uma protease bacteriana parcialmente purificada; b) purificar e identificar os

peptideos bioativos produzidos através desta hidrolise controlada.



2. REVISAO BIBLIOGRAFICA

2.1 PROTEASES

Proteases, também denominadas proteinases ou peptidases, sao
enzimas que hidrolisam ligagbes peptidicas em proteinas e peptideos,
formando um complexo grupo de enzimas que varia enormemente em suas
caracteristicas fisico-quimicas e cataliticas (RAO et al., 1998).

Estas enzimas participam de processos metabdlicos essenciais, e sua
importancia é evidenciada pela ocorréncia em todas as formas de vida (GUPTA
et al., 2002a). As proteases sdo usualmente classificadas segundo critérios
majoritarios, como: (a) tipo de reacdo catalisada, em endo ou exoproteases,
dependendo do local de clivagem em relacao as regides terminais do substrato;
(b) pH de atividade Otima, em proteases acidas, neutras ou alcalinas; (c)
natureza quimica e mecanismo do sitio catalitico, em serino-proteases,
cisteina-proteases, aspartil-proteases, metaloproteases, ou de tipo catalitico
desconhecido; e (d) rela¢des evolucionarias no que diz respeito a sua estrutura
(RAO et al., 1998; RAWLINGS & BARRET, 1993).

Proteases realizam modificacfes altamente especificas e seletivas em
proteinas, desempenhando fung¢des cruciais em processos fisioldgicos. As

proteases extracelulares atuam de forma importante na nutricdo através da



hidrolise de proteinas, facilitando a absorcdo dos produtos pelas células, sendo
também importantes em processos patoldgicos e de antagonismo (RAO et al.,
1998; PAGE & DI CERA, 2008a,b).

As proteases representam um dos trés maiores grupos de enzimas
industriais, sendo responsaveis por cerca de 60% do total de vendas de
enzimas mundialmente. Elas séo fisiologicamente importantes para a vida dos
organismos, e sdo encontradas em uma grande diversidade de fontes tais
como plantas, animais e microrganismos (RAO et al., 1998). As proteases
produzidas por plantas requerem um processo de obtencdo mais demorado,
pois dependem da disponibilizacdo de éarea para cultivo e também das
condicbes climaticas. As proteases de origem animal dependem da
disponibilidade de animais para o abate, tornando o processo dispendioso.
Neste contexto, os microrganismos sao preferidos frente a outras fontes de
proteases devido ao seu rapido crescimento e ao pequeno espago requerido
para seu cultivo (RAO et al., 1998). Além disso, as proteases microbianas séo,
em geral, mais estaveis que as homologas de plantas e animais e 0 seu
processo de producéo é mais facil e mais seguro (WISEMAN, 1991).

Os microrganismos responsaveis pela producdo de proteases sdo os
fungos e as bactérias, devido a maior facilidade de cultivo e obtencdo da
enzima (BERNARDI et al., 1991). Em geral, as enzimas fungicas tém um pH
otimo &cido ou neutro, ndo sendo termoestaveis. Por outro lado, as proteases
bacterianas possuem um pH 6timo alcalino ou neutro, sendo com freqiéncia
termoestaveis (WISEMAN, 1991). Espécies do género Bacillus, principalmente,

possuem alta capacidade de producdo de proteases alcalinas, que sao



amplamente utilizadas nas industrias e possuem alta atividade catalitica (JOO
& CHANG, 2005). Para espécies de Bacillus, a produgdo de proteases é
fortemente influenciada por fatores fisicos como pH, temperatura e tempo de
incubacédo, além de fatores como componentes do meio e a presenca de ions
metalicos (NEHETE et al., 1985, JOHNVESLY & NAIK, 2001).

Além das inimeras funcbes celulares, as proteases sao também
relevantes para a biologia, a medicina e a biotecnologia. Estas enzimas podem
ser utilizadas como componentes de detergentes, na industria de alimentos,
couros, em processos de tratamento de residuos e biorremediacao, na sintese
de peptideos, na industria de produtos farmacéuticos, entre outras aplicacdes
(ANWAR & SALEEMUDDIN, 1998; KUMAR & TAKAGI, 1999; GUPTA et al.,

2002a; SUMANTHA et al., 2006; SANCHEZ & DEMAIN, 2011).

2.2 LEITE OVINO E SUA COMPOSICAO

Por milhares de anos, a producédo de leite ovino e caprino tem sido a
base de vida em muitas areas do mundo, como por exemplo, Iraque, Iran, Siria
e Turquia. As ovelhas, certamente foram o0s primeiros animais a serem
domesticados pelo homem (BERGER, 2005).

A producdo de leite em ovinos tem sido vista como uma alternativa
sustentavel, de baixo investimento inicial e de facil adocédo pela mao de obra
familiar, podendo melhorar a qualidade de vida dos pequenos e meédios
produtores rurais (SOUZA et al., 2005; CORREA et al., 2006; SUAREZ &
BUSETTI, 2006). Com excecdo de algumas situacbes de economias de
subsisténcia, em que o leite é consumido in natura, a maior parte do leite de

ovelha obtido é transformada em queijo e, em menor escala, em iogurte. Mais



concentrado que o leite de vaca e cabra, o leite de ovelha esta indicado para a
fabricacéo de queijos com aromas e sabores especiais, de alto valor comercial,
e pode aumentar o retorno financeiro do ovinocultor (SOUZA et al., 2005;
SUAREZ & BUSETTI, 2006).

A producédo de leite ovino ainda € uma atividade pouco conhecida,
embora existam animais de racas com aptidao leiteira, como é 0 caso da
Lacaune e da Bergamécia (BRITO et al., 2006; SA et al., 2005).

Os primeiros ovinos da raca Lacaune foram trazidos ao Brasil em 1992.
Esta raca originaria da Franca esta atualmente bem adaptada as condi¢des de
clima e alimentacdo do sul do Brasil. Uma fémea Lacaune pode produzir 4,5
litros de leite/dia no pico da lactacdo, que ocorre ao redor dos 30 dias pOs-
parto, durando o periodo de lactacdo aproximadamente 150 dias (BRITO et al.,
2006).

A producéo de leite ovino em escala comercial iniciou na década de
1960, na Australia. Estima-se que 45 estabelecimentos de producéo de leite
ovino tenham iniciado neste periodo, mas somente oito estejam em
funcionamento atualmente (STUBBS et al., 2009).

A producédo e o processamento industrial de leite de ovelhas ainda séo
muito pequenos no Brasil. A cadeia ovina brasileira esta focada na producao de
carne e 1a, ja que os produtos lacteos de animais ruminantes sao considerados
caros (NESPOLO et al., 2010).

A utilizacdo de leite de ovelha pressupfe uma matéria-prima com teor

maior de extrato seco, em relacdo ao leite de vaca, sendo que os teores de



proteina, gordura, umidade, cinzas e acidez sao parametros de qualidade a
serem observados (STUBBS et al., 2009; PARK et al., 2007).

O leite de ovelha contém quase o dobro de sdlidos totais que o leite de
vaca. O rendimento industrial chega a 18-25%, ou seja, sdo necessarios
apenas 4-5 kg de leite de ovelha para a producédo de 1 kg de queijo. O maior
conteudo e variedade de tipos de caseina favorece esse maior rendimento,
pois reduzem o tempo de coagulacdo da massa e o coagulo é mais firme
quando comparado a producéo de queijo com leite de vaca (BERGER, 2005).

A composicdo média do leite de ovelha € de 7,6% de gordura, 5,6% de
proteina, 19,0% de solidos totais, 10,3% de solidos desengordurados, 4,7% de
lactose e 4,6% de caseina. Essa caracteristica Ihe confere a capacidade de ser
transformado em produtos lacteos de alta qualidade com altos rendimentos por
litro de leite (RIBEIRO et al., 2007).

O leite de ovelha possui propriedades nutricionais Unicas em sua
composicdo e que podem ser utilizadas em mercados especificos. Por
exemplo, apresenta as vitaminas A, B e E, e 0s minerais célcio, fésforo,
potassio e magnésio em niveis mais elevados do que os encontrados no leite
de vaca (RAYNAL-LJUTOVAC et al., 2007a). O leite ovino proporciona algum
alivio para quem apresenta intoleracia as proteinas do leite de vaca. Apesar
das qualidades nutricionais, apenas pequenas quantidades de leite de ovelha
sédo consumidas como leite fluido.

Na Espanha, por exemplo, 7,2% do leite de ovelha € consumido como
leite fluido. Isto € certamente devido ao fato de que a maioria do leite de ovelha

€ produzido em paises onde o consumo de leite fluido sempre foi



tradicionalmente baixo. Além disso, com o alto teor de solidos no leite de
ovelha, é mais facilmente aceito para fabricacdo de produtos lacteos semi-
sélido ou solidos, por exemplo, iogurte ou queijo. No entanto, na Gra-Bretanha,
uma grande parte da producdo de leite de ovelha € consumida como leite
fluido. O leite € pasteurizado e armazenado em recipientes de embalagem %2
litro. O leite €, entdo, em geral, congelado e vendido para lojas de alimentos
(BERGER, 2005).

Quantitativa e qualitativamente, as proteinas constituem a fracdo mais
importante do leite. Dois tipos de proteinas podem ser encontradas no leite: as
caseinas e as proteinas do soro. No leite de ovelha, a caseina corresponde a
80% das proteinas totais. O leite de ovelha contém quase o dobro de extrato
seco do que o leite bovino, bem como maior teor de gordura e caseina
(JANDAL, 1996). Devido a um maior teor de caseina, o leite ovino possui
melhores propriedades de coagulacédo e melhor potencial para a producao de
queijo quando comparado ao leite de vaca (BERGER, 2005).

Tabela 1- Comparativo da composi¢céo nutricional dos leites de ovelha, vaca e
cabra (valores por 100 mL)

Nutriente Ovelha Cabra Vaca
Energia (Kcal) 107,0 68,8 61,4
Proteinas (g) 6,0 3,6 3,3
Lipidios (g) 7,0 4,1 3,3
Carboidratos (g) 54 4.4 4,7
Célcio (mg) 193,4 133,5 119,4
Ferro (mg) 0,1 0,05 0,05
Fosforo (mg) 158,0 110,7 93,4
Vitamina (mg) 4,6 1,3 0,9

Fonte:USDA (1999) citado por Aguinsky (2005).

O leite de ovelha é um produto Unico com alta qualidade nutricional que

contém mais acidos graxos de cadeia curta, mais proteina, mais célcio e mais



vitaminas que o leite de vaca. E reconhecido por muitas pessoas como nao
alergénico e que poderia abrir as portas para um mercado de leite fluido. E um
excelente produto para a fabricacdo de iogurtes e queijos, resultando no dobro
do rendimento de queijo do que o leite de vaca. A composi¢cdo do soro poderia
permitir a fabricacdo de uma vasta gama de produtos derivados, o que

melhoraria o retorno financeiro do produtor de queijo (BERGER, 2005).

2.3 CASEINAS E CASEINATOS

As caseinas sao uma familia de fosfoproteinas sintetizadas pelas
glandulas mamarias e secretadas como agregados coloidais grandes
chamados micelas (MC), que sdo responsaveis por muitas propriedades Unicas
deste alimento e 0s principais compostos protéicos do leite (PITKOWSKI et al.,
2008; GINGER & GRIGOR, 1999), representando em torno de 80% do total
das proteinas lacteas (FOX & BRODKORB, 2008; BRAGA et al., 2006; WEST,
1986).

No leite, quase todas as caseinas (CN) presentes encontram-se
formando parte de micelas mais ou menos esféricas, que compreendem de 20
a 150.000 moléculas de CN (peso molecular médio de 2,5 x 10® g mol™)
(PITKOWSKI et al.,, 2008; MCGANN et al., 1980). As MC possuem um alto
conteudo de material inorganico (7g/100g CN) formado principalmente por ions
calcio e fosfato e estdo altamente hidratadas (3,7g H.O/g CN). Porém somente
uma pequena parte desta agua esta unida as caseinas (0,5g H20/g CN), o
restante estd encerrado dentro da micela (ALVAREZ et al., 2007,
KOROLCZUK, 1981). Este grau de hidratacdo das MC faz com que seu

diametro médio varie de 80 a 680 nm (RISSO et al., 2007). A estrutura da



10

micela de caseina é similar em leite de ovelha, de cabra e de vaca, mas difere
na composicao, tamanho e hidratacao (PARK, 2007).

As caseinas incluem quatro tipos de cadeias polipeptidicas principais
chamadas aS1-CN, aS2-CN, B-CN e k-CN, além de alguns derivados formados
por protedlise destas moléculas (ALVAREZ et al., 2008; FERREIRA et al.,
2006; WEST, 1986).

As principais cadeias de caseinas sdo as mesmas no leite ovino, caprino
e bovino, sendo que o leite caprino possui menos proteinas e caseinas que o
leite ovino. Comparando com as caseinas ovinas, as caseinas caprinas contém
menos aS (aS1 e aS2) e mais B e k-CN. O leite caprino também possui maior
proporcdo de nitrogénio nao protéico, em relacdo ao ovino
(RAYNALLJUTOVAC et al., 2007a).

Todas as cadeias de caseinas tém em comum a presenca de, ao
menos, um grupo fosfato por molécula, esterificado a residuos de serina e
ocasionalmente a treonina (ligacdo éster-fosfato), caracteristica que nenhuma
das proteinas do soro possui (WEST, 1986).

A caseina comercial, produzida por meio da precipitacdo acida, € uma
das principais proteinas com funcionalidade tecnoldgica em alimentos
(SABADINI et al., 2006; ROMAN & SGARBIERI, 2005).

Os métodos tradicionais de fabricacdo de caseina promovem alteracdes
quimicas irreversiveis na estrutura da micela, por meio da acidificacdo ou
modificacdo enzimética, a fim de facilitar a separacdo das proteinas
coaguladas dos constituintes do soro (ROMAN & SGARBIERI, 2005). Séo

utilizados procedimentos adicionais de centrifugacéo a baixas temperaturas e
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lavagem com solventes para garantir a remocado da gordura lactea residual
(FERREIRA et al., 2006). Os caseinatos podem ser preparados por
subsequente elevacdo do pH e dissolucdo das caseinas precipitadas. S&o
chamados caseinato de sédio ou caseinato de calcio, dependendo da solucéo
utilizada na neutralizac&o: hidroxido de sodio ou de calcio, respectivamente
(ALVAREZ et al., 2008; PITKOWSKI et al., 2008; SABADINI et al., 2006).
Caseinas e caseinatos sdo extensivamente usados na industria
alimenticia devido a suas propriedades fisico-quimicas, nutricionais e
funcionais (PITKOWSKI et al., 2008; ALVAREZ et al., 2007; RUIS et al., 2007,
BRAGA et al., 2006), sendo ingredientes utilizados na formulagdo de produtos
carneos, produtos lacteos, produtos de panificacdo, chocolates e confeitos,
coberturas comestiveis, bebidas lacteas e achocolatados, salgadinhos e
snacks, filmes comestiveis e impermeabilizantes (ROMAN & SGARBIERI,
2005). O caseinato de calcio ndo é tao utilizado quanto o de sodio, devido a

sua limitada solubilidade (PITKOWSKI et al., 2008).

2.4 SORO

O soro lacteo é o subproduto da industria de transformacéo do leite em
queijo ou da producdo de caseinas, sendo habitualmente designado por soro
de queijo. Numa primeira aproximacao, pode considerar-se o soro lacteo como
leite sem caseinas nem matéria gorda (DAUFIN et al., 1998).

Este produto contém cerca de 65 g de extrato seco (sélidos totais) por
litro, sendo o restante agua. Os principais componentes do seu extrato seco

sdo a lactose (70-80%), proteinas (9%, que corresponde a 20% das proteinas
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do leite) e minerais (8-20%) (DAUFIN et al., 1998), podendo existir ainda, em
menores propor¢des, outros componentes, tais como peptideos hidrolisados da
caseina , resultantes da fabricacdo do queijo, lipidios, bactérias, etc. ( DAUFIN
et al., 1998; WALSTRA et al., 2001).

A composicao e o tipo de soro dependem dos tipos de queijos fabricados
e dos processos tecnoldgicos utilizados na sua producdo. Basicamente, ha dois
tipos de soro de queijo: soro doce e soro acido. O soro doce resulta da
manufatura de queijos feitos com leites coagulados inicialmente por renina (por
exemplo, queijos “cheddar”, suico e mussarela), tendo pH de 5,9 a 6,7; 0 soro
acido é gerado na fabricacdo de caseina ou de queijos frescos (coagulados por
acido), tendo pH de 4,4 a 4,8. Os soros acidos possuem maior conteudo de
cinzas e menor concentracdo de proteinas, tendo utilizacdo mais limitada
devido ao sabor acido e ao alto contetdo salino (RICHARDS, 1997; PONSANO
et al., 1992; GONSALEZ SISO, 1996).

O reconhecimento do valor nutricional do soro lacteo, principalmente
devido as excelentes propriedades nutricionais, bioldgicas e funcionais das
suas proteinas (HAMBRAEUS, 1984; KINSELLA e WHITEHEAD, 1989; MORR
e HA, 1993; MAUBOIS e LEONIL, 1989), assim como a necessidade de
resolver o problema do impacto ambiental, causado pela producéo de volumes
elevados deste produto, o qual possui uma carga orgéanica alta (com valores da
caréncia bioquimica de oxigénio, determinados a 20 °C e ao fim de 5 dias, que
variam entre 30 a 50 g L™, sequndo DAUFIN et al., 1998), fez com que, a partir
dos anos sessenta, com o desenvolvimento de tecnologias, se abrissem novos

horizontes para valorizacdo deste produto.
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E de fato, a partir desta data surgiu uma grande variedade de novos
produtos, extensivamente usados por varias industrias, nomeadamente a
industria alimentar (DAUFIN et al., 1998; HORTON, 1995; ZYDNEY, 1998;
CHERYAN, 1998). Além disso, investigacdes recentes tém permitido concluir
que as proteinas do soro podem também ser usadas com fins terapéuticos,
como por exemplo como antioxidantes e anti-hipertensivos (BOUMBA et al.,
2001; PIHLANTO- LEPPALA, 2001; SINHA et al., 2007).

Apesar do seu elevado valor nutricional, o emprego do soro in natura é
limitado, em virtude das caracteristicas pereciveis e da alta diluicdo dos seus
componentes. Deste modo, varias tecnologias tém sido utilizadas visando
agregar valor a esta matéria-prima. Assim, a concentracdo do soro pode ser
realizada por procedimentos que envolvam 0 aquecimento e a secagem
(evaporacao, "spray-drier”, liofilizacdo) ou por osmose reversa, enquanto que a
desmineralizacdo pode ser feita por resinas de troca ibnica ou eletrodialise. As
tecnologias de separacdo por membranas vém sendo, igualmente, utilizadas
para a obtencdo de ingredientes protéicos a partir do soro de leite (BRANS et
al., 2004).

No mercado brasileiro de laticinios, a producdo de bebidas lacteas é
uma das principais op¢cdes de aproveitamento do soro, devido a simplicidade
do processo e a possibilidade de uso de equipamentos ja existentes na usina
de beneficiamento de leite, reduzindo custos. As mais comercializadas séo as
bebidas fermentadas com propriedades sensoriais semelhantes ao iogurte,
contudo, o aproveitamento deste subproduto atinge apenas 15% do total de

soro produzido no pais (NEVES, 2001; SANTOS et al., 2008).
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As proteinas do soro de leite apresentam estrutura globular com
algumas ligagbes dissulfeto, proporcionando certo grau de estabilidade
estrutural. Elas correspondem a aproximadamente 20% do conteudo protéico
do leite (JOVANOVIC et al., 2005), sendo as principais fracées representadas
pela pB-lactoglobulina e a-lactaloumina. Outras proteinas ou peptideos
secundarios estdo presentes em concentracbes menores, Ccomo
imunoglobulinas, albumina, lisozima, lipase, lactoferrina e xantina oxidase
(HARAGUCHI et al., 2006).

Com relacdo ao valor nutricional, estas proteinas possuem, no seu
conjunto, um perfil em aminoacidos proximo dos padrbes de necessidades
recomendados. Sdo constituidas por alto teor de aminoacidos essenciais,
sulfurados e com cadeia ramificada. Apresentam, ainda, boa digestibilidade, o
que faz com que o seu valor biologico seja elevado quando comparado com
outras proteinas alimentares (SINHA et al., 2007).

A B-lactoglobulina (3-Lg) € considerada como a principal proteina do
soro de leite, representando em torno de 50% do teor protéico total
(JOVANOVIC et al., 2005). E muito resistente a acdo de acidos e enzimas
proteoliticas do estdmago, sendo por isso considerada como um importante
carreador de retinol (pré vitamina A) materno para o filhote, em animais. Esta
funcdo biologica € ausente em humanos, uma vez que a [B-Lg néo esta
presente no leite humano (HARAGUCHI et al., 2006).

Outra importante proteina do soro é a a-lactalbumina (a-La), que é rica
em aminoacidos essenciais, como a lisina, leucina, treonina, triptofano e cistina

(JOVANOVIC et al., 2005). Suas funcdes estdo relacionadas com a sintese de
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lactose (SGARBIERI, 2004) e com a atividade antimicrobiana contra bactérias
patogénicas (HARAGUCHI et al., 2006).

As proteinas do leite podem ser classificadas em dois grupos: as
caseinas e as proteinas do soro. As caseinas se encontram em suspensao no
leite na forma de micelas, que sdo agrupamentos de varias moléculas de
caseina ligadas a ions como o fosfato de calcio (SGARBIERI, 1996).

Normalmente, esta proteina permanece estavel durante a pasteurizacao,
entretanto, quando o leite sofre acidificacdo, como no caso da producéo de
alguns queijos, ocorre desestruturacdo das micelas e consequentemente
formacdo de coagulo. As proteinas do soro do leite apresentam estrutura
globular e permanecem em solucdo. Diferentemente das caseinas, estas séo
insensiveis as coagulacdes acidas. Portanto, quando ocorre a coagulacdo das
caseinas com a gordura formando coalho, as proteinas do soro e boa parte da

lactose permanecem em solucdo (SGARBIERI, 1996).

2.5 COMPOSTOS BIOATIVOS

Compostos bioativos sdo constituintes extranutricionais e ocorrem
tipicamente em pequenas quantidades nos alimentos. Para ser considerado
bioativo, o componente da dieta deve exercer um efeito biolégico a um nivel
fisiologicamente realista e a bioatividade medida devera ter potencial de afetar
a saude de maneira benéfica (MOLLER et al., 2008).

A importancia das proteinas na dieta tem sido cada vez mais
reconhecida, como resultado das novas descobertas cientificas no campo
de nutricdo durante as Ultimas duas décadas. O valor de proteinas

como uma fonte essencial de aminoacidos ¢é bem documentada,
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mas recentemente tem sido reconhecido que as proteinas da dieta exercem
muitas outras funcionalidades in vivo por meio de peptideos biologicamente
ativos. Esses peptideos séo inativos dentro da sequéncia da proteina e séo
liberados pelas enzimas digestivas durante o transito gastrintestinal. Neste
contexto, peptideos bioativos tém sido definidos como fragmentos de proteinas
especificas, que apresentam um impacto positivo sobre as fung¢des do
organismo, influenciando de forma benéfica a saude (KITTS & WEILER, 2003).

Peptideos biologicamente ativos podem ser produzidos das seguintes
maneiras: (a) hidrolise enzimatica por enzimas digestivas, (b) fermentacdo do
leite com culturas iniciadoras (starters), (c) protedlise por enzimas derivadas de
microrganismos ou plantas. A maneira mais comum para a producdo de
peptideos bioativos é através da hidrélise enzimatica de proteinas nativas
(MOLLER et al., 2008).

As proteinas do leite sdo consideradas a fonte mais importante de
peptideos bioativos. Um grande numero de estudos tém demonstrado que a
hidrolise das proteinas do leite por proteases pode resultar na producao de
peptideos biologicamente ativos (KORHONEN and PIHLANTO, 2006). Enzimas
do trato gastrintestinal, tais como pepsina e tripsina, bem como enzimas de
bactérias e fungos, vém sendo utilizadas na producéo de peptideos bioativos a
partir de varias proteinas (FITZGERALD, MURRAY, & WALSH, 2004; KILARA
& PANYAM, 2003).

A producdo e as propriedades de peptideos bioativos derivados das
proteinas do leite sdo extensamente revisadas pela literatura (CLARE &

SWAISGOOD, 2000; KORHONEN & PIHLANTO, 2003; PIHLANTO &
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KORHONEN, 2003; MEISEL, 2005; SILVA & MALCATA, 2005; KORHONEN &

PIHLANTO, 2006, 2007a).

2.5.1 PEPTIDEOS ANTIMICROBIANOS

Uma gama de peptideos bioativos pode ser liberada de caseinas e
proteinas do soro, mas somente uma pequena parte destes peptideos tem sido
identificada e caracterizada com respeito a atividade antimicrobiana
(BENKERROUM, 2010). Peptideos antibacterianos foram identificados, por
exemplo, a partir da ag;-caseina e asp-caseina (RIZELLO et al., 2005;
MCCANN et al.,, 2006). Peptideos antimicrobianos podem apresentar amplo
espectro de acdo, atuando contra bactérias Gram-positivas e Gram-negativas
(Escherichia, Helicobacter, Listeria, Salmonella e Staphylococcus), leveduras e
fungos filamentosos.

Proteinas do soro (a-lactoalbumina, B-lactoglobulina, albumina sérica,
imunoglobulinas, lactoferrina, lisozima, entre outras) sdo conhecidas fontes de
peptideos bioativos com propriedades de promocdo a saude ou
antimicrobianas. Entre elas, lactoferrina e lisozima possuem atividades
antimicrobianas inerentes e também liberam fragmentos protéicos pela
digestdo proteolitica (BENKERROUM, 2010). Neste sentido, os peptideos
antimicrobianos mais estudados s&o as lactoferricinas, que séo derivados de
lactoferrina bovina e humana (KITTS & WEILER, 2003).

A importancia fisiologica dos peptideos antimicrobianos do leite continua
a ser estabelecida, embora tenham sugerido que eles possam modular a

microflora intestinal, quando formados durante a digestdo do leite “in vivo”
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(SHIMIZU, 2004). Por outro lado, estes peptideos podem encontrar aplicacdes
interessantes no campo de seguranca alimentar e produtos farmacéuticos
(KORHONEN & PIHLANTO, 2006).

Os mecanismos pelos quais os peptideos antimicrobianos agem sobre
as bactérias sensiveis sdo importantes, mas pouco estudados e permitiriam
desenvolver novas moléculas com espectro de acdo maior ou elevar a
atividade antimicrobiana de peptideos conhecidos (GOBBETTI et al. 2004;
BENKERROUM, 2010)

De uma forma geral, os peptideos primeiramente atuam na membrana
plasmatica através do estabelecimento de uma ligacdo eletrostatica entre o
peptideo (setores catibnicos) e os componentes da membrana (grupos fosfato
carregados negativamente) (GOBBETTI et al. 2004; BENKERROUM, 2010) .

Em pararelo, o carater hidrofébico de alguns peptideos permite a
interacdo com os lipidios da membrana. Tal interacdo resulta em formacao de
um canal transmembranar transiente que altera a permeabilidade e/ou geracéo
de energia enquanto preserva a integridade da célula ou resulta na ruptura da
membrana plasmatica com consequente desintegracdo da célula intacta
(GOBBETTI et al. 2004; BENKERROUM, 2010).

No entanto, o alvo final ndo € sempre a membrana, ja que o peptideo
pode transpor o citoplasma e agir sobre os componentes intracelulares,
interferindo nas funcbes celulares ou causando a floculagcdo do citoplasma

(GOBBETTI et al. 2004; BENKERROUM, 2010).
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2.5.2 PEPTIDEOS ANTIOXIDANTES

A oxidacdo em alimentos é uma das principais causas de deterioracao
dos mesmos (ANTOLOVICH, PRENZLER, PATSALIDES, MCDONALD, &
ROBARDS, 2002). Em carnes, os indicadores mais importantes para a
degradacédo sdo as mudancas na cor, o crescimento microbiano e a oxidacéo
lipidica (LAUZURICA et al., 2005). A oxidacdo afeta lipidios, proteinas e
carboidratos. No entanto a oxidacgao lipidica € a principal causa da deterioracéo
de alimentos, levando a encurtamento da vida atil (PHILANTO, 2006).
Oxidacao de proteinas em alimentos € influenciada pela oxidacao lipidica, onde
os produtos da oxidacdo lipidica reagem com as proteinas causando sua
oxidacdo (VILJANEN, KIVIKARI, & HEINONEN, 2004). Carboidratos também
sdo suscetiveis a oxidacdo, mas eles sdo menos sensiveis que lipidios e
proteinas (PARKIN & DAMODARAN, 2003).

A oxidacdo de gorduras nos alimentos produz odor e gosto a ranco
capaz de ser detectado pelo consumidor. Assim, a oxidacéo lipidica € a maior
causa de perda de aroma, valor nutritivo e diminuicdo da vida util de produtos
contendo gordura. Com o intuito de diminuir este problema, antioxidantes
sintéticos como butil-hidroxil tolueno (BHT) e butil-hidroxil anisolo (BHA) tém
sido amplamente utilizados na industria alimenticia. Porém os efeitos adversos
causados por estes compostos estimularam o uso de antioxidantes naturais
tais como catequinas, tocoferois, ascorbato, acido rosmarinico e varios extratos
fendlicos de plantas. A procura por antioxidantes naturais se estendeu para

proteinas e peptideos de origem animal e vegetal como proteinas de soja,
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zeina, gérmen de trigo, albumina do ovo, proteinas lacteas (XUE et al., 2009;
ZHANG et al., 2010).

Antioxidantes sao definidos como substancias que, quando presentes
em baixas concentracbes em relacdo ao substrato oxidavel, sdo capazes de
inibir ou retardar substancialmente a oxidacdo daquele substrato. Os
antioxidantes ndo se tornam radicais livres pela doacao de elétrons, pois eles
sdo estaveis em ambas as formas. Existem duas categorias basicas de
antioxidantes denominadas de sintéticos e naturais (HALL Ill & CUPPETT,
1997).

No entanto, propriedades carcinogénicas e outros efeitos adversos tém
sido atribuidos aos antioxidantes sintéticos. Logo, atencdo especial tem sido
dada aos antioxidantes naturais, devido a uma tendéncia mundial para evitar
ou minimizar o uso em alimentos de aditivos sintéticos (SHIH & DAIGLE, 2003;
TRIPATHI, MOHAN, & KAMAT, 2007). O potencial de aplicacdo de diversos
antioxidantes naturais, tais como catequinas, tocoferdis, ascorbato, acido
rosmarinico e varios extratos fenodlicos de plantas vém sendo pesquisados
(CHEUNG et al., 2003).

Peptideos gerados a partir da digestdo de diferentes proteinas sao
relatados como possuidores de atividades antioxidantes (CHEN, MURAMOTO,
YAMAUCHI, & NOKIHARA, 1996). Logo, a procura por antioxidantes naturais
se estendeu para proteinas e peptideos de origem animal e vegetal, como
proteinas de soja, zeina, gérmen de trigo, gelatina, albumina de ovo e

proteinas lacteas (XUE et al., 2009; ZHANG et al., 2010).
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Neste sentido, estudos séo necessarios para estabelecer relagdes entre
a composicdo do peptideo e a atividade antioxidante para o desenvolvimento

de antioxidantes naturais.

2.5.3 PEPTIDEOS ANTI-HIPERTENSIVOS

A hipertenséo arterial € importante problema de saude publica devido a
alta prevaléncia e ao seu papel em doencas cardiovasculares como doenca
coronaria, insuficiéncia cardiaca congestiva e acidente vascular cerebral
(LIGNITTO et al., 2010). O tratamento é realizado com diversos medicamentos
sintéticos: B-bloqueadores, diuréticos, inibidores da enzima conversora de
angiotensina (ECA) e blogueadores de receptores da angiotensina |lI
(TORRUCO-UCO et al., 2008).

A enzima conversora de angiotensina (ECA) tem sido associada com o
sistema renina-angiotensina, que regula a pressdo sanguinea arterial. A
inibicdo desta enzima pode exercer efeito anti-hipertensivo. Um grande nimero
de peptideos inibidores da ECA tem sido isolados através da digestédo
enzimatica de varias proteinas do leite e sdo atualmente um grupo de peptieos
bioativos bastante estudados. Além da inibicdo da ECA, peptideos do leite
podem exercer efeitos anti-hipertensivos também através de outros
mecanismos (MAES et al., 2004).

Embora diferentes proteinas alimentares possam agir como precursoras
de peptideos inibidores da ECA, as proteinas lacteas sdo as mais importantes
fontes. Peptideos inibidores de ECA derivados da caseina sdo chamados de

casoguininas e, aqueles derivados das proteinas do soro, de lactoquininas. A
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inibicdo da ECA resulta em um efeito anti-hipertensivo e também pode
influenciar diferentes sistemas regulatorios envolvidos na modulacdo da
pressédo arterial, defesa imune e atividade do sistema nervoso (PIHLANTO-
LEPPALA et al., 1998; PRIPP et al., 2006; LIGNITTO et al., 2010).

Peptideos inibidores da ECA geralmente contem de 2-20 residuos de
aminoacidos, apesar de serem encontrados peptideos ativos com até 27
aminodcidos (SAITO, NAKAMURA, KITAZAWA, KAWAI, & ITOH, 2000;
YAMAMOTO, AKINO, & TAKANO, 1994).

Os peptideos anti-hipertensivos derivados dos produtos lacteos néo séo
tdo potentes quanto as drogas comerciais (captopril, por exemplo) comumente
usadas no tratamento da hipertenséo; entretanto, os produtos com moderada
bioatividade se comportam intrinsicamente (e naturalmente) como alimentos
funcionais, e assim podem facilmente ser incluidos na alimentacdo diaria

(SILVA & MALCATA, 2005).

2.6 HIDROLISE ENZIMATICA DE PROTEINAS

A hidrolise de proteinas pode ser catalisada por acidos, bases ou
enzimas. As hidrolises acida e alcalina sé@o totalmente inespecificas, podendo
destruir aminoacidos como triptofano, lisina, treonina e causar a racemizacao
da maioria dos aminoacidos, comprometendo o valor nutricional da proteina
(ADLER-NISSEN, 1985).

A utilizacdo de proteases especificas apresenta algumas vantagens
sobre a hidrdlise alcalina ou acida, como a especificidade, o controle do grau

de hidrolise, as condicdes moderadas de acdo, o menor conteudo de sal no
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hidrolisado final e, ainda, a formacdo minima de subprodutos (MANNHEIM &
CHERYAN, 1992; PEARCE, 1995).

Além disto, como as enzimas podem ser empregadas, geralmente, em
concentracbes muito baixas, sua remocdo do sistema da reacdo ¢é
frequentemente desnecessaria e mais facil do que para outros catalisadores,
0s quais devem ser usados em concentracfes maiores (REED, 1975).

O processo de hidrélise enzimética tem se destacado na melhoria das
propriedades funcionais das proteinas, como solubilidade, poder emulsificante,
textura, tendo grande aplicabilidade em varios produtos alimenticios (ABERT &
KNEIFEL, 1993; DUARTE et al., 1998; SILVESTRE et al., 2002; SILVA et al.,
2003a,b,c; VIANA et al., 2004, 2005; CAPOBIANGO et al., 2006). As proteases
tém sido utilizadas para a modificacdo de proteinas, como na hidrolise de soja
e outros vegetais, para a solubilizacdo de concentrados de peixes,
amaciamento de carnes, hidrolise de caseina, na melhoria da textura de
queijos, aumentando assim, significativamente, a qualidade e o valor nutritivo
dos produtos (CHEFTEL et al., 1989).

Além da melhoria das propriedades funcionais e organolépticas, é
possivel aumentar o aproveitamento nutricional das proteinas através do
tratamento enzimatico. Um dos principais critérios na caracterizacdo de um
hidrolisado para utilizacdo dietética € sua distribuicdo quanto ao tamanho dos
peptideos, pois é sabido que o comprimento da cadeia peptidica influencia a
taxa de absorcao (GRIMBLE et al., 1986; VIJAYALAKSHIMI et al., 1986).

Diversos autores tém demonstrado que férmulas contendo um elevado

teor de oligopeptideos, especialmente, di- e tripeptideos, sdo utilizadas mais
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efetivamente pelo organismo do que uma mistura equivalente de aminoacidos
livres ou a proteina intacta, apresentando assim um maior valor nutritivo
(KEOHANE et. al., 1985, GRIMBLE et al., 1986; RERAT, 1993; BOZA et al.,
2000).

Uma desvantagem encontrada no processo de hidrélise enzimatica é o
desenvolvimento de sabor amargo no decorrer da catalise, o qual parece estar
relacionado a liberacdo de grupamentos hidrofobicos que se encontravam no
interior das moléculas protéicas. Esta caracteristica representa um dos
principais obstaculos na aplicacdo generalizada dos hidrolisados (MINAGAWA
et al., 1989; SAHA & HAYASHI, 2001).

Entretanto, alguns procedimentos podem ser utilizados para o
mascaramento do sabor amargo de hidrolisados protéicos, tais como adi¢do de
compostos para mascarar sabor, aplicacdo de cromatografia hidrofébica,
adsorcdo de peptideos amargos, hidrolise com exopeptidases, adicdo de
lactobacillus, formacao de plasteina, tratamento com carvao ativado e extracao
com solventes organicos (SAHA & HAYASHI, 2001; MORAIS et al., 2005).

A qualidade e as caracteristicas finais do hidrolisado protéico dependem
de varios fatores que devem ser controlados para se alcancar os resultados
desejados, entre eles encontram-se a natureza e associacao de enzimas, pH,
temperatura, tempo de hidrolise, tipo e concentracdo de substrato, relacdo
enzima / substrato, inativacdo enzimatica ao final do processo (ADLER
NISSEN, 1981; CHOBERT et al.,1988a,b; SILVESTRE et al., 1994a,b

CANDIDO, 1998).
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RESULTADOS E DISCUSSAO

Os resultados deste estudo estdo apresentados sob a forma de trés
artigos cientificos. Os referidos artigos sédo apresentados nas Secoes 3.1 a 3.3,
e identificados como Resultados | a Resultados lll, respectivamente.

O primeiro artigo (Secao 3.1), que versa sobre atividades biologicas de
caseinato ovino, tem como titulo “Antioxidant, antihypertensive and
antimicrobial properties of ovine milk caseinate hydrolyzed with a microbial
protease”.

No segundo artigo (Secao 3.2), “Antioxidant properties and angiotensin-
converting enzyme inhibitory activity of sheep cheese whey hydrolysates”, séo
apresentadas as propriedades antioxidantes e anti-hipertensiva do soro de
queijo ovino.

O terceiro artigo (Secao 3.3) trata da purificacdo e identificacdo dos
possiveis peptideos responsaveis pelas atividades antioxidantes e anti-

hipertensiva dos hidrolisados de soro de queijo ovino e caseinato ovino.
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Antioxidant, antihypertensive and
antimicrobial properties of ovine milk
caseinate hydrolyzed with a microbial protease
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Abstract

BACKGROUND: Bioactive peptides might be released from precursor proteins through enzymatic hydrolysis. These molecules
could be potentially employed in health and food products. In this investigation, ovine milk caseinate hydrolysates obtained
with a novel microbial protease derived from Bacillus sp. P7 were evaluated for antioxidant, antimicrobial, and angiotensin
I-converting enzyme (ACE)-inhibitory activities.

RESULTS: Antioxidant activity measured by the 2,2'-azino-bis-(3-ethylbenzothiazoline)-6-sulfonic acid method increased with
hydrolysis time up to 2 h, remaining stable for up to 4 h. Hydrolysates showed low 2,2-diphenyl-1-picrylhydrazyl radical-
scavenging abilities, with higher activity (31%) reached after 1 h of hydrolysis. Fe?*-chelating ability was maximum for 0.5 h
hydrolysates (83.3%), decreasing thereafter; and the higher reducing power was observed after 1 h of hydrolysis. ACE-inhibitory
activity was observed to increase up to 2 h of hydrolysis (94% of inhibition), declining afterwards. 3 h hydrolysates were shown
to inhibit the growth of Bacillus cereus, Corynebacterium fimi, Aspergillus fumigatus, and Penicillium expansum.

CONCLUSION: Ovine caseinate hydrolyzed with Bacillus sp. P7 protease presented antioxidant, antihypertensive, and
antimicrobial activities. Hydrolysis time was observed to affect the evaluated bioactivities. Such hydrolysates might have
potential applications in the food industry.

(€ 2011 Society of Chemical Industry

Keywords: protein hydrolysates; bioactive peptides; antioxidant activity; antihypertensive activity; antimicrobial activity
P |

INTRODUCTION

The consumer preference for slightly processed foods, concern
in use of synthetic compounds and chemical additives, and
increasing knowledge of the connection between diet and health
raise the demand for natural and functional food ingredients,
nutraceuticals, and dietary supplements. Food proteins, besides
their nutritional roles, contain peptide sequences encrypted
in their primary structures that are capable of modulating
specific physiological functions. These protein fragments, termed
bioactive peptides, are inactive within the sequence of the
precursor protein, and could be released through enzymatic
hydrolysis invivo or invitro. After release, they might exert
opioid, antihypertensive, immunomodulatory, antibacterial, and
antioxidant activities, among others, with potential applications
in food science, technology, and nutrition.”~*

Milk proteins are considered important sources of bioactive
peptides that could be released through enzymatic hydrolysis
by digestive (gastrointestinal) enzymes, by fermentation, and
by proteolysis employing enzymes derived from microorganisms
or plants.*> These proteins, mainly caseins, are commercially
available in large amounts at a high degree of purity and at low
price which, from a technological aspect, make them attractive
in the search for bioactive peptides.” Therefore, the properties

of milk protein-derived bioactive peptides have been thoroughly
investigated, and an increasing number of such molecules have
been identified in milk protein hydrolysates and also fermented
dairy products.®’ Investigations usually report the production
of biclogically active peptides through the hydrolysis of caseins
isolated from bovine milk. However, milk caseins from different
species (sheep and goat, for instance), and the high genetic
variability of milk proteins, might originate different bicactive
peptides.®?
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The most common way to generate bicactive peptides is
through enzymatic hydrolysis of whole protein molecules, and the
bioactivity of such hydrolysis-generated peptides appears to be
inherent to size and specific amino acid sequences.>® Proteolytic
enzymes from various sources (animal, plant, microbial) have been
successfully employed in the production of these molecules.®”
As microorganisms could be cultured through well-established
methods, producing high amounts of enzyme, microbial proteases
appear as attractive biocatalysts to obtain protein hydrolysates
and bioactive peptides on a commercial scale. In this sense,
investigation of novel protease is required to obtain protein
hydrolysates with desired properties. The keratinolytic bacterium
Bacillus sp.P7 was previously shown to produce biotechnologically
relevant extracellular proteases.'® In the current study, a protease
preparation from this strain was employed in the hydrolysis of
sodium caseinate obtained from ovine milk, and the biological
activities (antioxidant, antihypertensive, and antimicrobial) of
the protein hydrolysates were assessed, aiming to evaluate its
potential for food applications.

EXPERIMENTAL

Microorganism and protease production

Bacillus sp. P7, utilized as protease producer, was maintained in
Brain-Heart Infusion (BHI) agar plates. For protease production, the
strain was cultivated in feather meal broth (10 g L' feather meal,
03gL" NagHPO., 0.4gL~" NaH,PO,, 0.5gL~" NaCl) for 48 h
at 30°C in a rotary shaker (125 rpm).'® Culture was centrifuged
(10000 % gfor 15 min at4 “C) and the supernatant was submitted
to a partial purification protocol.

Proteolytic activity assay

Proteolytic activity was determined as described elsewhere,'?
using azocasein (Sigma Co., 5t Louis, MO, USA) as substrate.
Briefly, the reaction mixture contained 100 QL enzyme preparation,
100 uL of 20mmol L=! Tris—HCl buffer (pH 8.0), and 100 uL
of 10 mgmL™" azocasein in 20mmol L™" Tris—HCl buffer. The
mixture was incubated at 37 °C for 30 min, and the reaction
was stopped by adding 500 pL of 10% (w/v) trichloroacetic acid
(TCA). After centrifugation (10000 x g for 5min), 800 uL of the
supernatant was mixed with 200 pL of 1.8 mol L' NaOH, and the
absorbance at 420 nm was measured. One unit of enzyme activity
was considered as the amount of enzyme that caused a change of
0.01 absorbance units under the above assay conditions.

Protease partial purification

The protease was precipitated from culture supernatants by the
gradual addition of solid ammonium sulfate to achieve 60%
saturation, in an ice bath with gentle stirring. This mixture was
allowed to stand for 1 h, centrifuged (10 000 x gfor 15 min at4 "C),
and the resulting pellet was dissolved in 20 mmol L~" Tris—HCI
buffer (pH 8.0). The concentrated enzyme samples were applied
to a Sephadex G-100 (Pharmacia Biotech, Uppsala, Sweden)
gel filtration column (25 x 0.5 cm), previously equilibrated with
Tris—HC| buffer (20 mmol L‘W,pH 8.0). Elution was carried outusing
the same buffer with a flow rate of 0.33 mL min~', and 30 fractions
of 1 mL were collected. Fractions showing proteolytic activity
were pooled and employed as protease preparation in protein
hydrolysis. After this procedure, a 3.6-fold purification factor was
obtained, with a specific activity of 1600 U mg~" protein.'®

Preparation of ovine milk caseinate

The procedure was followed for the preparation of ovine caseinate
from milk of Lacaune breed sheep from southern Brazil. After
centrifugation at 10 000 x g for 10 min at 4 "C, the skim milk was
acidified to pH 4.5 with 1 mol L™ acetic acid under continuous
stirring at 25°C. After 30 min at 40 °C, the mixture was filtered
through Whatman no. 40 filter paper using a vacuum pump. The
precipitated casein was washed with distilled water, dissolved
with the addition of 10 gL~" NaOH until it reached pH 7.0, and
precipitated again. Four successive cycles of precipitation and
washing were carried out."! The final precipitate was washed
with acetone and chloroform, if necessary, to remove residual fat
globules.

Hydrolysis of ovine caseinate

Protein hydrolysates were prepared from the sodium caseinate
obtained from ovine milk. Ovine caseinate (10 gL™") was first
dissolved in 0.1 molL~" NaOH, then in 20 mmol L=" Tris—HC|
buffer (pH 8.0), and preheated to 45 “C for 15 min. The hydrolysis,
started by adding P7 protease preparation (2%, v/v), was carried
out at 45°C in a water bath with reciprocal shaking. Duplicate
samples were withdrawn at defined intervals (0, 0.5, 1,2, 3,0or4 h),
and the hydrolysis reaction was stopped by heating at 100 "C for
15 min. After cooling, hydrolysates were centrifuged (10000 x g
for 15 min) to remove insoluble materials, and the supernatants
were then lyophilized and kept at — 18 “C until further analysis.

Degree of hydrolysis (DH)

DH, considered as the percentage of peptide bonds cleaved,
was determined by the measurement of free amino groups
following reaction with 2,4,6-trinitrobenzene sulfonic acid (TNBS),
as previously described.'? Briefly, samples (250 ul) were mixed
with 2 mL phosphate buffer (0.212 molL™'; pH8.2)and 2 mL of a
10 mg mL~" TNBS solution, and incubated at 50°C for 1 h. After
this period, 4 mL of 0.1 mol L~" HCl was added, and the mixtures
were allowed to stand for 30 min at room temperature before the
absorbance at 340 nm was measured. The total number of amino
groups was determined in a protein sample (10 mg) which was
completely hydrelyzed in 4 mL of 6 mol L™' HCl at 110 °C for 24 h,

Determination of 2,2"-azino-bis-(3-ethylbenzothiazoline)-
6-sulfonic acid (ABTS) radical scavenging activity

Experiments were carried out using the ABTS assay,'> which
involves the generation of ABTS radical chromophore by the
oxidation of ABTS with potassium persulfate. It is applicable for
both hydrophilic and lipophilic compounds. The ABTS radical
cation was produced by reacting 7 mmol L~ ABTS stock solution
with 140 mmol L™ potassium persulfate (final concentration),and
allowing the mixture to stand in the dark for at least 12 h at room
temperature before use. For the assay, the ABTS*" solution was
diluted with 5 mmol L~! phosphate-buffered saline pH 7.0 (PBS)
to an absorbance of 0.7 (+0.02) at 734 nm. A 10 uL of sample
(15mg mL~") was mixed with 1 mL diluted ABTS** solution and
an absorbance (734 nm) reading was taken after 6 min. Trolox was
also used as a reference standard. The percentage inhibition of
absorbance at 734 nm was calculated and plotted as a function of
the concentration of the reference antioxidant (Trolox).

2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging
assay

This methed, performed as described by Brand-Williams et al.,'*
is based on the capture of the DPPH radical by antioxidants,
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producinga decrease inabsorbanceat 517 nm.The DPPH was used
ata concentration of 60 imol L=, dissolved in methyl alcohol. The
solution was homogenized and transferred to a dark glass bottle.
The prepared solution was used only on the day of analysis. In the
dark, aliquots of 0.1 mL sample (250 mg mL~") were transferred to
test tubes with 3.9 mL radical DPPH (60 umol L~' DPPH solution)
and homogenized by shaking. After 45min, the scavenging
activity was measured spectrophotometrically by the decrease in
absorbance at 517 nm. Likewise, these same proportions (0.1 mL
distilled water and 3.9 mL DPPH radical) were used as a control.
Methyl alcohol was used as a blank. The standard curve was
performed using DPPH concentrations from 0 to 60 pmol L='. The
results were expressed as scavenging rate (%) = [1 — (A /Ag)]1 x 100,
where A is the absorbance of the test and Ay is the absorbance of
the blank.

Determination of metal chelating activity

The chelating activity of Fe?™ was measured using the method
described by Chang et al.,® with slight modifications. One milliliter
of sample (3.5 mg mL~") was mixed with 3.7 mLdistilled water and
then the mixture was reacted with 0.1 mL of 2 mmol L=" FeSO4
(Fe?*)and 0.2 mL of 5 mmol L™ ferrozine (3-(2-pyridyl)-5,6-bis(4-
phenyl-sulfonic acid)-1,2,4-triazine). After 10 min the absorbance
was read at 562 nm. One milliliter of distilled water, instead of
sample, was used as a control. Ethylenediaminetetraacetic acid
(EDTA; 20mg mL~") was used as standard. The results were
expressed as: chelating activity (%) = [1 — (A/Ag)] x 100, where
A is the absorbance of the test and Ay is the absorbance of the
control.

Determination of reducing power

Reducing power of the hydrolysates was measured as previously
described.'® Samples (15mgmL~") from each hydrolysis period
were mixed with 2.5 mL phosphate buffer (0.2 mol L=, pH 6.6) and
2.5 mL potassium ferricyanide (10 mg mL™"),and then the mixture
was incubated at 50°C for 20 min. Then, 2.5 mL TCA (10%, v/w)
was added and the mixture was centrifuged (3000 x g for 10 min).
The supernatant (1 mL) was mixed with 2.5mL distilled water
and 0.2 mL ferric chloride (1 mg mL™"), and the absorbance was
measured at 700 nm. Higher absorbance of the reaction mixture
indicated greater reducing power. Butylated hydroxytoluene (BHT)
at the same concentration of samples was used as a positive
control.

Estimation of angiotensin I-converting enzyme
(ACE)-inhibitory activity

Inhibition of ACE was assayed by the method of Cushman
and Cheung,'” with some modifications. Each sample aliquot
(20 uL; 15 mg mL~ ") was mixed with 200 uL buffered substrate
solution (5 mmol L= hippuryl-histidyl-leucine in 50 mmol L™’
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES)-HCI
buffer containing 300 mmol L= NaCl, pH 8.3, 37 °C). After adding
40 UL ACE reagent to this suspension, the reaction mixture was
further incubated at 37 °C for 30 min, and was finished with 150 uL
of 1 mol L=" HCI. Then, the hippuric acid released was extracted
with 1 mL ethyl acetate, and the organic phase was transferred to
aglasstube to be heat evaporated. The residue was dissolved with
800 uL distilled water and measured spectrophotometrically at
228 nm. The ACE-inhibitory activity was expressed as a percentage:
% of inhibitory activity = (A — B)/(A — C) x 100, where A is the
absorbance without sample, Bis the absorbance without ACE, and
Cis absorbance in the presence of both ACE and sample.

Determination of antibacterial activity

Antibacterial activity was determined according to Motta and
Brandelli,"® with modifications. The indicator strains tested were
Listeria monocytogenes ATCC 15131, Bacillus cereus ATCC 9634,
Corynebacterium fimi NCTC 7547, Staphylococcus aureus ATCC
1901, Salmonella enteritidis ATCC 13 076, and Escherichia coli ATCC
8739. Indicator microorganisms, at a concentration of 108 CFU
mL~" in saline solution (0.85% Nadl, w/v), were inoculated with a
swab onto onto BHI agar plates. Aliquots of 15 L ovine caseinate
hydrolysates (250 mg mL~") were spotted on the freshly prepared
lawn of indicator strain, and plates were incubated at the optimal
temperature for each test microorganism. Subsequently, zones of
growth inhibition (represented by clear haloes) were measured
and presented as inhibition zone (mm).

Determination of antifungal activity

To determine the antifungal activity of the hydrolysates, the
filamentous fungi Fusarium oxysporum ssp. lycopersici, Aspergillus
fumigatus, Penicillium expansum, and the yeast Candida tropicalis
were utilized as indicators. The fungi were cultivated in Potato
Dextrose Agar (PDA) plates for 5 days at 30 °C. Cell suspension
of the yeast was prepared with the same method used for
antibacterial activity determinations. Conidia suspensions of the
filamentous fungi were prepared, and then added to PDA at 50 “C
in asufficient volume to provide afinal concentration of 10° conidia
mL~". The medium was poured onto platesand, aftersolidification,
15 ul of the hydrolysates (250 mg mL™") were spotted. The plates
were incubated at 30 °C for 48 h and subsequently observed for
inhibitory activity against the fungal indicator.

Mass spectrometry

Mass spectrometric experiments were carried out using a Micro-
mass/Waters O-TOF micro (Milford, MA, USA). The instrument was
equipped with a nano-electrospray ionization (nano-ESI) source.
The sample was dissolved in a 1:1 water-acetonitrile solution
containing 0.1% formic acid. The hybrid mass spectrometer in-
strumental conditions were: positive ion mode; nano-ESI flow rate
0.6 UL min~'; sample cone voltage 40V; capillary 3.3 kV; source
temperature 100°C; cone gas 5 Lh~"; desolvation gas 30Lh~".
The Q-TOF was calibrated using phosphoric acid 0.1% in wa-
ter-acetonitrile (1:1). Data were analyzed with Waters MassLynx
software. Mass spectra were processed using background subtrac-
tion followed by smoothing the spectrum with Savitzky—Golay
smoothing, and measuring the peak top with a centroid top
of 80%.

RESULTS AND DISCUSSION

Research efforts have been focused on the generation of bioactive
peptides from a myriad of food sources, including milk and dairy
products, egg, soy and meat, envisaging potential utilization by
the food industry. In particular, investigations have been carried
out to obtain bioactive peptides through the hydrolysis of bovine
milk caseins.2”'? In the current study, the biological activities of
ovine caseinate hydrolysates were investigated, on which there
are relatively few studies in the literature.

The degree of hydrolysis (DH) measures the content of peptide
bonds cleaved in the substrate by a proteolytic agent (proteases,
in the current case): the higher the DH, the higher the content of
released amino groups. DH is reported to affect the antioxidant
activity of protein hydrolysates. Therefore, the biological activity
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Figure 1. Degree of hydrolysis (DH, %) of ovine caseinate hydrolysates
obtained with protease from Bacillus sp. P7.

of peptides depends on the protein substrate, enzyme specificity,
and hydrolysis conditions.>2%2' The progression in DH during the
hydrolysis of ovine caseinate by protease P7 is shown in Fig. 1.
The DH value increased during hydrolysis time, reaching 4.5%
in 4 h, which is similar to DH of yak milk casein hydrolyzed by
Alcalase (from Bacillus licheniformis) and Neutrase (from Bacillus
amyloliquefaciens) for 4h.*? In fact, the hydrolysis conditions of
Neutrase (pH 7.0, 45°C) closely resembled that employed in the
current study (pH 8.0, 45°C). The hydrolysis of w-casein from
bovine milk with a protease from Streptomyces griseus at 37 °C
for 2 h resulted in a DH of 4.2%,' and the hydrolysis of whey
protein concentrate with Neutrase (pH 7.0) or Alcalase (pH 8.0)
at 45°C for 3 h yielded hydrolysates with a DH of 56% and
11.3%, respectively.?® In the current study, the DH after 4 h of
hydrolysis had not increased significantly (data not shown). This
profile suggests that the enzymes could not further hydrolyze
the remaining bonds within the generated peptides, a fact that is
directly influenced by enzyme specificity.

Peptides and protein hydrolysates, obtained from the proteol-
ysis of various food proteins, are reported to possess antioxidant
activities. Antioxidant mechanisms include radical-scavenging
(both hydrogen-donating capability and free radical quenching)
activity, inhibition of lipid peroxidation, metal ion chelation, or a
combination of these properties.’*?* Antioxidant activities might
protect biological systems against damage related to oxidative
stress in human disease conditions. These antioxidant peptides
and hydrolysates might also be employed in preventing oxidation
reactions (such as lipid peroxidation) that leads to deteriora-
tion of foods and foodstuffs.?®?' Milk protein hydrolysates and

milk-derived peptides with antioxidant activity obtained by fer-
mentation have also been investigated. Functional foodswith such
natural antioxidants are interesting since they can be potentially
employed without the toxic side effects associated with the use of
synthetic equivalents. Also, antioxidants from protein hydrolysates
might confer nutritional value besides functional/physiological
properties, which are additional advantages over the synthetic
counterparts.2>2¢

Scavenging activities of ovine caseinate hydrolysates were
determined using two radicals: ABTS and DPPH. The radical
ABTS is reduced with concomitant conversion to a colourless
productinthe presence of antioxidants with hydrogen-donating or
chain-breaking properties. The hydrolysis of ovine caseinate with
protease P7 forupto 2 htendedtoenhance the antioxidant activity
of hydrolysates measured by the ABTS assay; however, higher
hydrolysis times have not increased radical scavenging (Table 1).
From the analysis of antioxidant activities of ovine caseins, it was
previously indicated that the primary structure as well as other
factors, such as protein conformation, are important in exerting
antioxidant activity.® The increased antioxidant activity through
hydrolysis suggests that this process contributed to antioxidant
activity by releasing previously inactive peptides encrypted in the
sequence of ovine caseinate. Intact ovine casein, ovine casein
fractions, and hydrolysates obtained by the sequential hydrolysis
with pepsin, trypsin and chymotrypsin were also shown to possess
antioxidant properties, as measured by the ABTS method.?® In
that study, the hydrolysates demonstrated a higher antioxidant
activity than the non-hydrolyzed counterparts, as observed in the
present investigation (Table 1). Also, peptides from water-soluble
extracts of ovine and goat cheese-like systems showed antioxidant
activity in the ABTS assay.?” Previously, the antioxidant activity of
whey protein hydrolysates with diverse proteases, evaluated by
the ABTS assay, was positively correlated with DH.2?

DPPH is a free radical that accepts an electron or a hydrogen
radical, becoming a stable molecule. For this reason, itis employed
as a substrate to evaluate the antioxidant activity of peptides and
protein hydrolysates. Results varied widely along with hydrolysis
time (Table 1), and a relationship between hydrolysis time and
DPPH activity could not be established; however, the higher
DPPH-scavenging activity was evidenced after 1 h of hydrolysis.
Proteolysis of food proteins is usually reported to enhance the
DPPH-scavenging activity of hydrolysates.” The DPPH-scavenging
activity of yak milk protein hydrolysates obtained with Alcalase
was observed to increase during the hydrolysis process for up to
7h.2® Nevertheless, this is not always observed.'® Specifically,
bovine casein hydrolysates obtained with diverse proteolytic
enzymes were shown to possess lower DPPH activity than the
whole protein.?* From the observed pattern of DPPH-scavenging

Table 1. Antioxidant activities of ovine caseinate hydrolysates®
Hydrolysis ABTS radical scavenging DPPH radical scavenging Fe?'-chelating Reducing power
time (h) activity (%) activity (%) ability (%) (Absorbance at 700 nm)
0 69.3+0.14 27.5+0.43 76.2+ 0.018 0.607 + 0.016
0.5 754+ 1.43 20.7 £0.05 83.3 £ 0.002 0.755 £ 0.005
1 75.6 + 0.51 30.9+0.41 77.4 + 0.007 1.094 + 0.007
2 82.1+1.45 2341043 72.6 + 0.055 0.824 + 0.055
3 81.4+1.21 27.9+0.39 72.2+0.072 0.780 + 0.072
4 83.4+0.75 20.9+0.21 70.8 + 0.003 0.487 + 0.011
2 Values are the means + SEM of three independent determinations.
wileyonlinelibrary.com/]jsfa (© 2011 Society of Chemical Industry JSci Food Agric (2011)
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activity, both hydrolyzed and non-hydrolyzed ovine caseinate
contain some substances acting as electron donors thatcould react
with free radicals, converting them into more stable molecules
and terminating the radical chain reaction. However, protein
hydrolysis has not presented a beneficial effect for the bioactivity
evaluated in this assay. His, Phe, Tyr, Trp,among otheraromaticand
hydrophobic amino acids, seem to be involved in the antioxidant
activity of protein hydrolysates.®/#?

The distinctive behaviour of protein hydrolysates in the ABTS
and DPPH radical scavenging assays could be explained by
the different stereoselectivity of the radicals, different peptides
presentin the sample capable of reacting and quenching different
radicals, and by the different stoichiometry of reactions between
the antioxidant compounds in hydrolysates and the ABTS and
DPPH radicals.*® Also, the antioxidant effect of caseins and casein-
derived peptides is not fully based on the capability to donate
hydrogen, and differencesin scavenging efficacy can be attributed
to solubility and diffusivity of radicals.* For instance, ABTS is a
water-soluble radical monocation, and DPPH is an oil-soluble free
radical. DPPH is pre-dissolved in methanol and may not easily
diffuse to target peptides that are in aqueous solution, whereas
ABTS could readily reach peptides in the agueous solution assay.
Therefore, a higher activity with the ABTS method does not
necessarily implicate an increased ability to scavenge DPPH
radicals. Another important consideration is that hydrolysate
concentration in DPPH assays was much higher than that used in
ABTS assays. In this perspective, the ABTS assay is one of the most
effective and commonly used protocols to monitor antioxidant
activities.?”

Iron acts as a catalyst for the generation of hydroxyl radicals
through the Fentonreaction,?® potentially contributing to diseases
related to oxidative stress. Also, transition metals might stimulate
lipid peroxidation in foods, resulting in rancidity.?' Consequently,
chelating of metal ions might contribute to the antioxidant activity
of protein hydrolysates. The metal ion-chelating action of casein
and casein peptides has been reported,’®?* and the ferrous ion-
chelating ability of the ovine caseinate hydrolysates is shown in
Table 1. Ovine caseinate submitted to hydrolysis with protease
P7 for 0.5h exhibited 83.3% of Fe’" chelating as compared
to control hydrolysates (0 h; 76%), whereas longer hydrolysis
times resulted in decreased metal chelation. A pea protein isolate
hydrolyzed with thermolysin was observed to chelate 95% of
the metal ions at 1 mg mL~',% and a metal chelating activity of
porcine hemoglobin hydrolysates (5mgmL—") between 8% and
61% was observed, these values always being lower than for
non-hydrolyzed hemoglobin.'® Therefore, whole and hydrolyzed
ovine caseinate might have interfered with the formation of
ferrous ion/ferrozine complex by capturing ferrous ions before
ferrozine, suggesting that the antioxidant action could also be
related to its iron-binding capacity.'® Proteins and peptides
have metal-chelating abilities. Carboxyl and amino groups in
branches of acidic and basic amino acids, respectively, might be
involved in the chelation of Fe? and Cu®** by peptides.”” The
presence of aromatic amino acids and hydrophobic amino acids
in peptide fractions might also contribute to achieving a higher
metal chelation activity.®

The reducing power of ovine caseinate hydrolysates peaked
after 1 h of hydrolysis, decreasing thereafter (Table 1). This assay is
based on the ability of a compound to reducethe Fe®~ fferricyanide
complex to the ferrous form (Fe?). Consequently, the reducing
ability of protein hydrolysates indicates that they could act as
electron donors, reducing the oxidized intermediates of lipid
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Figure 2. ACE-inhibitory activity of ovine milk caseinate hydrolysates
obtained with protease P7. Values are the means + SEM of three
independent determinations.

peroxidation processes, and suggesting that the reducing power
likely contributes to the antioxidant activity.'® At a similar
concentration, wheat germ protein isolates treated with Alcalase
showed a reducing power comparable to that of 1 h hydrolysates
of ovine caseinate.'® On the other hand, the proteolysis of porcine
hemoglobin resulted in decreased reducing power compared to
the intact protein.'”

The renin-angiotensin system plays an important role in
regulating arterial pressure. Within this system, ACE catalyzes
the conversion of angiotensin | to angiotensin I, which is a
potent vasoconstrictor; in addition, ACE degrades the vasodilator
peptide bradykinin. Thus ACE inhibitors might potentially lower
hypertension, and are believed to be useful in prevention and/or
treatment of cardiovascular diseases.! Proteolytic enzymes have
been successfully used to generate ACE-inhibitory peptides
from food proteins, including caseins.'®?%3%32 The ACE-inhibitory
activities of the ovine caseinate hydrolysates increased up to
2 h of hydrolysis with protease P7, decreasing afterwards (Fig. 2).
Similar trends were reported for different protein hydrolysates,
indicating that there is an optimal hydrolysis time or degree
of hydrolysis and, as the hydrolysis time progressed, the ACE-
inhibitory peptides were hydrolyzed to produce inactive peptides
or amino acids.®2 The 2h hydrolysates inhibited 94% of the
ACE activity, and 4 h hydrolysates demonstrated higher inhibitory
activity whencomparedto non-hydrolyzed ovine caseinate (Fig. 2).
The ACE-inhibitory activity of non-hydrolyzed yak milk casein
was shown to be low (<5% inhibition), and protein hydrolysis
with Neutrase and Alcalase resulted in the enhancement of ACE
inhibition (around 70-80% inhibition), particularly in the first
hour of hydrolysis, remaining stable at higher hydrolysis times.??
Sodium caseinates from bovine, sheep, goat, human, pig and
buffalo milk, hydrolyzed for 48 h with a partially purified protease
from Lactobacillus helveticus PR4, showed ACE-inhibitory activities
of 2-43%.2 Bovine milk a-casein hydrolyzed with a bacterial
protease showed approximately 60% ACE inhibition.’® Although
structure-activity relationships of ACE-inhibitory peptides from
milk proteins is not well defined, there are indications that peptide
binding to ACEisinfluenced by the C-terminal tripeptide sequence
of substrate or competitive inhibitors, preferring hydrophobic
(aromatic or branched side chains) amino acid residues at each of
the three C-terminal positions.?
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Table 2. Antimicrobial
hydrolysate

activities of the 3h ovine caseinate

Indicator microorganism Inhibition zone {(mm)?

Gram-positive bacteria
Listeria monocytogenes ATCC 15 131 il
Bacillus cereus ATCC 9634 93
Corynebacterium fimi NCTC 7547 1.5
Staphylococcus aureus ATCC 1901 -

Gram-negative bacteria
Salmonella enteritidis ATCC 13076 -
Escherichia coli ATCC 8739 -

Yeast
Candida albicans -
Filamentous fungi
Penicillium expansum 9.0
Aspergillus fumigatus 10.0
Fusarium oxysporum ssp. lycopersici -

2 Values for haloes are the means of three independent determinations.
® Without inhibition.

The ability of ovine caseinate hydrolysates to inhibit the growth
of many bacteria and fungi was then investigated. The results
are shown in Table 2, and representative inhibition haloes are
presented in Fig. 3. Ovine caseinate hydrolyzed for 3 h with the
protease preparation from Bacillus sp. P7 showed antibacterial
activity against Bacillus cereus and Corynebacterium fimi (Table 2).
The inhibited bacteria, particularly B. cereus, are important causes
of food poisoning and spoilage, and may also act as human
opportunistic pathogens.** Hydrolysates obtained after the action

of chymotrypsin on bovine milk a-casein for 105 minwereeffective
in retarding the growth of both Gram-positive (B. cereus) and
Gram-negative (E. coli) bacteria.”” An antimicrobial peptide was
obtained after the hydrolysis (48 h) of human sodium caseinate
with Lactobacillus helveticus PR4, showing a wide spectrum of
antimicrobial activity.® Ovine w-casein hydrolyzed for 30 min
with pepsin demonstrated activity against various Gram-positive
and Gram-negative bacteria.’* Antimicrobial peptides derived
from milk proteins usually possess an amphiphilic and cationic
character, which appears to be significant for their mechanism of
action, since it is proposed that electrostatic bonding between
the peptides and the bacterial membranes (negatively charged)
is the initial stage of the pore formation process leading to cell
death.? Since the rate of killing is higher than the rate of bacterial
multiplication, this reduces the likelihood of microorganisms
developing drug resistance ®

Milk protein-derived antimicrobial peptides usually show a
broad range of activity against microorganisms of spoilage and/or
health significance. However, from our results, only Gram-positive
bacteria were inhibited (Table 2). As the cell envelope of Gram-
negative bacteria is both structurally and functionally more
complex than that of Gram-positive bacteria, these differences in
bacterial membrane composition might have implications for the
maode of action and the bacterial specificity of these antibacterial
compounds.** Few investigations deal with the antifungal activity
of peptides or protein hydrolysates. The most common fungal
indicator is the yeast Candida albicans, and the utilization of
filamentous fungi as test strain is scarcely reported.” The fungi
inhibited by the ovine caseinate hydrolysate (Penicillium expansum
and Aspergillus fumigatus) may cause disease in humans and
plants.® Therefore, the inhibition of filamentous fungi (Table 2)
might represent an additional application as a novel antifungal
agent. Antimicrobial peptides generated from food proteins

Figure 3. Growth inhibition of (A) Aspergilius fumigatus, (B) Penicilliumexpansum,(C) Bacillus cereusand (D) Corynebacterium fimi bythe 3 h ovine caseinate

hydrolysate. Arrows indicate inhibition haloes.
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Figure 4. Mass spectrum of the 3 h ovine caseinate hydrolysate. Operation

conditions are described in the Experimental section. The spectrum in the

range m/z 300~ 1700 was separated into three sections for better visualization.

(particularly milk) present the great advantage of being produced
from harmless and inexpensive sources. Hence there is a growing
interest in the utilization of these peptides, for instance, as food-
grade biopreservatives or as health-promoting food supplements
in the food industry.2*

Bioactive peptides cobtained from milk proteins commonly
range from 2 to 20 amino acid residues, with a molecular mass
of less than 2000 Da.’*' The mass spectrum of the protein
hydrolysate showing antimicrobial activity (3h) is presented
in Fig.4. Milk protein hydrolysates are known to be highly
complex mixtures that may contain up to hundreds of different
peptides,”” and comparisons with other casein hydrolysates are
further complicated due to differences in protein substrates
and enzyme specificities. However, some similar values were
observed when comparing the ion m/z values obtained in the
current study (Fig. 4) with those reported for bovine®' and ovine
casein peptides.®?° Efforts should be focused on the purification

and identification of bioactive peptides present in the protein
hydrolysates.

CONCLUSIONS

Ovine caseinate hydrolysates presenting antioxidant, antihyper-
tensive, and antimicrobial activities were produced through
hydrolysis with a novel microbial protease preparation. The
bioactivities presented by the protein hydrolysates could have
resulted from the synergistic effect of different peptides within
the mixture. Such ovine caseinate hydrolysates could be useful
for food industry applications, aiming to potentially increase the
nutritional value and shelf-life of food products, and also in the
development of functional foods. The physicochemical character-
ization and properties of ovine caseinate hydrolysates are under
investigation.
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Abstract

Enzymatic proteolysis may be employed to release bioactive peptides, which have been
investigated for potential benefits from both technological and human health
perspectives. In this study, sheep cheese whey (SCW) was hydrolyzed with a protease
preparation from Bacillus sp. P7, and the hydrolysates were evaluated for antioxidant
and angiotensin I-converting enzyme (ACE)-inhibitory activities. Soluble protein and
free amino acids increased during hydrolysis of SCW for up to 4 h. Antioxidant activity
of hydrolysates, evaluated by the 2,2 azino-bis-(3-ethylbenzothiazoline)-6-sulfonic acid
radical scavenging method, increased 3.2-fold from 0 h (15.9%) to 6 h of hydrolysis
(51.3%). Maximum Fe?* chelation was reached in 3-h hydrolysates, and the reducing
power peaked at 1 h of hydrolysis, representing 6.2 and 2.1-fold increase, respectively,
when compared to that of non-hydrolyzed SCW. ACE inhibition by SCW was improved
through hydrolysis, reaching maximal values (55% inhibition) in 4-h hydrolysates;
however, a 42% inhibition was already observed after 1 h of hydrolysis. Controlled
enzymatic hydrolysis increased the antioxidant and ACE-inhibitory activities of SCW.
Such a biotechnological approach might be an interesting strategy for SCW processing,
potentially contributing to the management and valorization of this abundant dairy

byproduct.

Keywords: cheese whey; microbial protease; protein hydrolysates; bioactive peptides;

antioxidant activity; antihypertensive activity
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1. Introduction

Whey is a major byproduct of cheese and casein industries, representing about 85-95%
of the milk volume, and consisting basically of water (94-95%, v v'*), lactose (3.8-4.0%,
m v, proteins (0.8-1.0%, m v'), and minerals (0.7-0.8% m v*). Because of its low
concentration of total solids (6-7% dry matter), whey has commonly been considered as
a waste product. However, since millions of tons of whey are produced worldwide and
it possess high chemical and biochemical oxygen demands, discard of this byproduct as
an effluent represents an important source of environmental problems (Gonzélez-Siso,
1996).

Due to its polluting potential, the disposal of untreated whey has been severely
restricted, prompting the dairy industry to search for alternative management practices.
Among the different strategies, whey can be used in supplemental feeding of livestock;
irrigation of soil and pastures for agriculture; as a source of lactose and proteins for food
and industrial applications; in fuel production (such as ethanol, hydrogen, methane) and
obtainment of bioproducts through fermentation technologies; among others.
Considering its volume and composition, cheese whey could be viewed as an important
source of proteins with consistent functional and nutritious properties, for utilization in
the food industry (Park et al., 2007; Simithers, 2008; Prazeres et al., 2012).

Technologies that allow the transformation of cheese whey into other products
are increasingly focused, since such processes potentially act both as valorization
strategies and effluent management practices. One of the processes that could promote
value-aggregation to whey proteins is enzymatic hydrolysis. This treatment promotes
the fractionation of parent proteins into smaller units, usually improving functional

properties such as solubility, emulsifying power, and texture. Hence, enzymatic
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hydrolysis may increase the applicability of whey proteins into food products (Binha et
al., 2007). Also, whey proteins contain amino acid sequences that are capable of
modulating physiological responses. Enzymatic hydrolysis can release such bioactive
peptides from precursor proteins and, particularly, antioxidant, antimicrobial,
immunomodulatory, antiulcerogenic, antihypertensive, opioid, and hypocholesteremic
activities are reported for whey protein-derived hydrolysates and peptides (Hernandez-
Ledesma et al., 2011; Madureira et al., 2011; Tavares et al., 2011).

The bulk literature reports the biological activities of bovine whey hydrolysates
obtained with commercial proteases. However, whey proteins account for 17-22% of
sheep milk proteins, mainly represented by B-lactoglobulin and a-lactalbumin which, in
turn, make up to 70-80% of total whey proteins (Park et al., 2007). Also, the
investigation of alternative proteolytic enzymes from different sources is an interesting
approach to obtain protein hydrolysates and bioactive peptides with desired properties.
Specifically, Bacillus sp. P7, a bacterium isolated from the intestine of an Amazon basin
fish, produces high levels of extracellular proteases with biotechnological potential
(Corréa et al., 2010). In this context, this study aimed to evaluate the antioxidant and
antihypertensive activities of sheep cheese whey hydrolysates obtained through

treatment with a protease preparation from Bacillus sp. P7.

2. Materials and methods

2.1 Enzyme production and protease preparation

Bacillus sp. P7 was maintained in Brain-Heart Agar (BHA) plates. For protease
production, the strain was cultivated in feather meal broth (10 g L™ feather meal, 0.3 g

L™ Na,HPO,, 0.4 g L™ NaH,PO,, 0.5 g L™ NaCl) for 48 h at 30°C in a rotary shaker
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(125 rpm). After this period, the culture was centrifuged (10 000 x g for 15 min at 4°C)
and the supernatant was submitted to a partial purification protocol involving
ammonium sulphate concentration (60% saturation) followed by liquid chromatography
on a Sephadex G-100 gel permeation column (25 x 0.5 cm), which was equilibrated and
eluted with 20 mmol L™ Tris-HCI buffer (pH 8.0). Fractions with proteolytic activity on
azocasein (Corréa et al., 2011) were pooled and used as the protease preparation for

sheep whey hydrolysis.

2.2 Enzymatic hydrolysis of sheep cheese whey

Sheep cheese whey (SCW), obtained from a local cheese manufacturer, was lyophilized
and subsequently dissolved in Tris-HCI buffer (20 mmol L™, pH 8.0). This solution (10
g L™) was preheated at 45°C for 15 min, and the hydrolysis was initiated by adding the
protease preparation (2%, v v*). Incubation was performed at 45°C in a water bath with
reciprocal shaking and, at specified intervals (0, 0.5, 1, 2, 3, 4 and 6 h) samples were
removed and the hydrolysis reaction was terminated by heating at 100°C for 15 min.
After cooling, the hydrolysates were centrifuged (10,000 x g for 15 min) to remove
insoluble materials, and the supernatants were lyophilized and stored at -18°C until

further analyses.

2.3 Determination of soluble protein and free amino acids concentration
The concentration of soluble protein on the supernatant of the hydrolysates was
determined by the Folin phenol reagent method (Lowry et al., 1951), using bovine

serum albumin as standard. Concentration of amino acids was determined by the
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ninhydrin method (Moore and Stein, 1957), using glycine as standard. All

measurements were performed using a Shimadzu UV mini-1240 spectrophotometer.

2.4 2,2’-azino-bis-(3-ethylbenzothiazoline)-6-sulfonic acid (ABTS) radical scavenging
assay

Scavenging activity of SCW hydrolysates (SCWH) supernatants against the ABTS
radical was determined by the decolorization method described by Re et al. (1999). The
ABTS radical cation (ABTS™) solution was prepared by reacting 5 mL of ABTS
solution (7 mmol L) with 88 uL of K,SO, solution (140 mmol L™) and allowing the
mixture to stand in the dark at room temperature for 12-16 h before use. For the assay,
ABTS™ solution was diluted with 5 mmol L™ phosphate buffered saline (pH 7.4) to an
absorbance of 0.7 (+0.02) at 734 nm. A 10 uL sample (50 mg mL™) was mixed with 1
mL of diluted ABTS™ solution and absorbance (734 nm) was measured after 6 min. The
percentage decrease of absorbance at 734 nm was calculated in comparison to that of

controls.

2.5 Iron(1l) chelating activity assay

The ferrous ion chelating ability of hydrolysate supernatants was determined according
to Tang et al. (2002), with the following modifications. A sample volume of 1 mL (50
mg mL™ concentration) was mixed with 3.7 mL of distilled water, 0.1 mL of 2 mmol L’
! FeSO, (Fe**) and 0.2 mL of 5 mmol L™ ferrozine (3-(2-pyridyl)-5,6-bis(4-phenyl-
sulfonic acid)-1,2,4-triazine). After 10 min, the absorbance of the reaction mixture was
read at 562 nm. Likewise, 1 mL of distilled water, instead of sample, was used as a

control. EDTA (20 mg mL™) was used as standard. Chelating activity was calculated as
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follows: Chelating activity (%) = [1 - (Absorbance of sample/Absorbance of control)] x

100.

2.6 Reducing power

The reducing power of SCWH supernatants was assessed according to the method of
Duh et al. (1999). Samples (50 mg mL™) in phosphate buffer (2.5 mL, 0.2 mol L™, pH
6.6) were added to 2.5 mL of 10 g L™ potassium ferricyanide solution, and the mixture
was incubated at 50 °C for 20 min. Trichloroacetic acid (2.5 mL of a 10% solution, w v
1) was added to the mixture, which was then centrifuged at 3,000 x g for 10 min. The
supernatant (2.5 mL) was mixed with 2.5 mL of distilled water and, after addition of 0.5
mL of ferric chloride solution (1%, w v), the absorbance was measured at 700 nm.
Higher absorbance of the reaction mixture indicates a greater reducing power. BHT at

the same concentration of samples was used as a positive control.

2.7 Determination of angiotensin I-converting enzyme (ACE)-inhibitory activity

ACE-inhibitory activity of SCWH supernatants was evaluated in vitro by the method of
Cushman and Cheung (1971), with some modifications. 20 pL samples (50 mg mL™)
were added to 200 uL of buffered substrate solution (5 mmol L™ hippuryl-histidyl-
leucine in 50 mmol L™* HEPES-HCI buffer containing 300 mmol L™ NaCl, pH 8.3, 37
°C). The reaction was started by adding 40 uL of ACE (0.1 U mL™), carried out at 37
°C for 30 min, and stopped with 150 pL of 1 mol L™* HCI. Then, the hippuric acid
released was extracted with 1 mL of ethyl acetate, and the organic phase was transferred
to a glass tube to be heat-evaporated. The residue was dissolved with 800 pL of distilled

water and measured spectrophotometrically at 228 nm. ACE-inhibitory activity was

40



158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

expressed as percentage, using the following formula: % inhibitory activity = (A — B) /
(A —C) x 100, where A is the absorbance without sample, B is the absorbance without

ACE, and C is absorbance in the presence of both ACE and the sample.

2.8 Statistical analysis
Experimental data were expressed as mean * standard deviation, and evaluated by the

Tukey test at a 95% significance level.

3. Results and discussion

Numerous researches focus on the generation and characterization of bioactive peptides
from food proteins, particularly caseins. The bioactivities of protein hydrolysates and
peptides are largely dependent on the enzymes used and also on the protein to be
hydrolyzed. Hence, the search for suitable protein sources and proteolytic enzymes has
attracted increasing attention due to the potential of the hydrolysates and peptides for
applications in food science, technology, nutrition and human health (Phelan et al.,
2009; Sarmadi and Ismail, 2010). In this perspective, the biological activities of SCW
hydrolysates (SCWH), obtained with a bacterial protease preparation, were investigated
as an alternative strategy for the destination of SCW, a co-product that is usually
discarded, particularly by small and medium dairy companies.

Initially, the soluble protein and free amino acid profiles were determined on
supernatants during the hydrolysis of SCW by the protease preparation from Bacillus
sp. P7. It could be observed from Fig. 1 that both measurements tended to increase as
the hydrolysis progressed; however, at 6 h of hydrolysis, both values decreased.

Maximum soluble protein and amino acid concentrations were 97 mg mL™ and 0.28 mg
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mL™ after 4 h of hydrolysis, respectively. Rates of soluble protein release appeared to
be higher during the first hour of hydrolysis, decreasing thereafter, which might indicate
a lesser availability of cleavable peptide bonds (Klompong et al., 2007; Corréa et al.,
2011). Additionally, the solubilized peptides might be further hydrolyzed, decreasing
the release of peptides from SCW proteins due to substrate competition. Since the main
protease produced by Bacillus sp. P7 is a serine protease related to subtilisin (Corréa et
al., 2010), a proteolytic enzyme with usual broad specificity, the enzyme could
potentially cleave a wide range of peptide bonds.

The amount of soluble protein tends to increase during hydrolysis, usually
reaching a plateau that is related to enzyme specificity and the protein substrate (Rossini
et al., 2009). Nevertheless, diminished amounts of soluble proteins and free amino acids
were observed at 6 h of hydrolysis on SCWH supernatants, when compared to that of
the other hydrolysates (Fig. 1). Enzymatic hydrolysis commonly exposes previously
hidden hydrophobic groups to the more polar (aqueous) environment. It is known that
hydrophobic attractive interactions are among the factors contributing to particle
aggregation (Daroit et al., 2012). Gelation was reported to occur, mainly through
hydrophobic interactions, in whey protein isolate (WPI) extensively hydrolyzed with
Alcalase, an enzyme preparation from Bacillus licheniformis (Doucet et al., 2003).
Aggregation was also observed for WPI hydrolyzed with a serine protease from B.
licheniformis (Creusot et al., 2006). In the current study, SCWH were centrifuged prior
to the evaluation of soluble proteins and free amino acids, and an increased trend on the
amount of sedimented material was observed following hydrolysates centrifugation

(data not shown), as previously reported for bovine whey (Otte et al., 1996). Therefore,
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the above phenomenon could have been responsible for the observed declines on the
amount of soluble proteins and free amino acids at 6 h (Fig. 1).

Antioxidant activity of peptides is related with a greater number of ionizable
groups and also the exposition of hydrophobic groups (Sarmadi and Ismail, 2010).
Peptides in protein hydrolysates are reported to act as antioxidants through mechanisms
of radical-scavenging, inhibition of lipid peroxidation, chelation of metal ions, or a
combination of these mechanisms (Phelan et al., 2009). Thus, antioxidant activity
should be evaluated by different methods. In this study, the radical-scavenging ability of
SCWH supernatants was investigated with the ABTS™" radical. The antioxidant activity
of the hydrolysates tended to increase with increasing hydrolysis times, indicating that
the peptides released could act directly as primary free radical scavengers in the
agueous medium (Rossini et al., 2009). Maximum values were reached after 6 h of
hydrolysis, with a 3.2-fold increase when compared to the non-hydrolyzed whey (0-h
hydrolysate; Table 1). Similar increases were described for bovine whey protein isolate
hydrolyzed (at 37°C for 12 h) with pepsin, trypsin or chymotrypsin (Adjono et al.,
2013). Bovine whey protein concentrate enriched in B-lactoglobulin, hydrolyzed using
Corolase PP® and thermolysin (Contreras et al., 2011), and bovine whey protein
concentrate and oa-lactaloumin, hydrolyzed with aqueous extracts of Cynara
cardunculus (Tavares et al., 2011), showed increased antioxidant activity when
compared to the non-hydrolyzed counterparts. Also, hydrolysis of bovine whey protein
concentrate by four commercial protease preparations (Alcalase, Flavourzyme, Neutrase
and Protamex) resulted in increased antioxidant activities, measured through the ABTS
method, in comparison to the untreated whey protein (Dryakova et al. 2010). Regarding

ovine caseins, hydrolysates obtained with pepsin, trypsin, chymotrypsin (Giménez-Ruiz
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et al., 2008), with a protease preparation from Bacillus sp. P45 (Daroit et al., 2012), and
with the same bacterial protease employed in the current study (Corréa et al., 2011),
also presented improved antioxidative performances.

The Fe?*-chelating ability of SCW hydrolysates are presented in Table 1. Non-
hydrolyzed SCW was able to chelate 13.87% of Fe®*, and hydrolysis was beneficial for
this property. Maximum chelating capability was observed at 2 h of hydrolysis (50.1%),
decreasing thereafter. The metal-chelating ability of WPI hydrolysates obtained with
Alcalase was also reported. Chelation of Cu** by the non-hydrolyzed WPI (8.7%)
increased during the first 3 h of hydrolysis (56.4%), followed by a slight decrease after
8 h (55.2%). In contrast, the Fe**-chelating activity of Alcalase-hydrolyzed WPI at 0 h
was relatively low (3%) and only increased slightly after 8 h of hydrolysis (10.0%); a
behavior that might be related to more coordination sites present in Fe** (more chelators
needed) than Cu®* (Peng et al., 2010). Metal-chelating activity of yellow stripe trevally
meat hydrolysates obtained with Alcalase or Flavourzyme increased with increasing
degree of hydrolysis, indicating that a higher degree of cleavage of peptide bonds
rendered protein hydrolysates with higher metal-chelating activities (Klompong et al.,
2007). On the other hand, protein hydrolysates from brownstripe red snapper muscle,
prepared using Alcalase or Flavourzyme, showed decreased ferrous ion chelating
activities as the degree of hydrolysis increased, suggesting that shorter peptide chains
might lose their ability to complex with Fe?* (Khantaphant et al., 2011). Therefore, the
decline on chelating ability observed after 2 h of hydrolysis (Table 1) might indicate
that the peptides responsible for the observed activity were further cleaved, and the
products were less capable to chelate iron. In this sense, Zhang et al. (2010) observed

that, after fractionation of soy protein hydrolysates (obtained through treatment with
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microbially-derived commercial proteases) by ultrafiltration, the high-molecular weight
fraction (>10 kDa) showed higher Fe?*-chelating activity than the low-molecular weight
fractions (<10 kDa).

The reducing power of the SCW hydrolysates was assessed by an electron
transfer protocol based on reduction of Fe**/ferricyanide complex to the Fe?* form.
After 1 h of hydrolysis, the reducing power of SCWH was 115% higher than that of
non-hydrolyzed SCW (Table 1). The reducing power of WPI hydrolysates obtained
with Alcalase, measured using the ferric reducing/antioxidant power (FRAP) assay, was
demonstrated to increase with hydrolysis time up to 5 h, reaching 3-to-6-fold higher
activities than non-hydrolyzed WPI (Peng et al., 2009; Peng et al., 2010). The 5-h WPI
hydrolysates were fractionated by gel filtration chromatography, and a 0.1-2.8 kDa
fraction exhibited the higher reducing power when compared to other fractions (>40
kDa, 2.8-40 kDa, and <0.1 kDa) (Kong et al., 2012). Although the reducing power of
SCWH declined at longer hydrolysis periods, the values were always higher than that of
the non-hydrolyzed counterpart (Table 1), as also observed for a soy protein fraction,
recovered from industrial effluents by ultrafiltration, hydrolyzed with Flavourzyme
(Moure et al., 2006), indicating that hydrolysis released peptides that were able to act as
electron donors (Sarmadi and Ismail, 2010). Hydrolysis of ovine caseinate with the
Bacillus sp. P7 enzyme preparation resulted in a reducing power that was 80% superior
when compared to the non-hydrolyzed caseinate (Corréa et al., 2011). The reducing
power of mackerel meat hydrolysates increased gradually with the increasing hydrolysis
time (Wu et al., 2003). However, Klompong et al. (2007) observed a decreased reducing
power of yellow stripe trevally meat hydrolysates with increasing degree of hydrolysis

with Alcalase.
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Although comparisons with other investigations might be difficult to be
performed, the antioxidant activities profile evaluated for the hydrolysates indicates that
hydrolysis is essential for the release of encrypted inactive antioxidant peptide
sequences from the primary structure of whey proteins (Phelan et al., 2009; Adjono et
al., 2013). The antioxidative properties of peptides and protein hydrolysates could have
a wide applicability, such as the protection of biological systems against oxidative
damages that are associated with diverse pathological conditions. In fact, bovine whey
protein hydrolysates and derived peptide fractions were shown to protect lung fibroblast
MRC-5 cells (Kong et al., 2012), and rat pheochromocytoma line 12 (PC12) cells
(Zhang et al., 2012), against the toxicity caused by H,O.. Iron, acting as a catalyst in the
production of hydroxyl radicals via Fenton reaction, potentially contributes to diseases
related to oxidative stress. Also, transition metal ions promote lipid oxidation, and their
chelation helps to retard the peroxidation and subsequently prevent food rancidity
(Rossini et al., 2009; Zhang et al., 2010; Khantaphant et al., 2011). In this sense, it was
demonstrated that the antioxidative potential of whey protein isolate hydrolysates
obtained with Protamex inhibited lipid oxidation during storage of cooked pork patties
(Pefia-Ramos and Xiong, 2003). From a commercial perspective, protein hydrolysates
might be preferred over synthetic counterparts since, besides the antioxidative potential,
these hydrolysates might add to the nutritional value of foods and foodstuffs.

Angiotensin I-converting enzyme (ACE) occurs in many tissues and biological
fluids and plays an important physiological role in up-regulation of blood pressure;
hence, ACE has been implicated in hypertension, which constitutes a dominant health
problem worldwide, and one of the highest risk factors for eventual development of

cardiovascular diseases (FitzGerald et al., 2004). The ability of SCW hydrolysates to
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inhibit the activity of the angiotensin I-converting enzyme (ACE) is presented in Fig. 2.
It could be observed that the ACE-inhibitory activity of the hydrolysates increased with
hydrolysis time, maximum inhibition values were obtained for 4-h hydrolysates
(55.7%), and further hydrolysis have not significantly affected the ability to inhibit
ACE. Hydrolysis using proteolytic enzymes from different sources is also reported to
increase the ACE-inhibitory activity of bovine whey protein isolate/concentrate (Costa
et al.,, 2007; Otte et al., 2007; Tavares et al., 2011). Particularly, bovine milk whey
treated with pepsin plus trypsin showed a 50% of ACE inhibition (Pihlanto-Leppala et
al., 1998). Similarly to the present study, Mullally et al. (1997) observed a low ACE-
inhibitory activity for non-hydrolyzed bovine whey protein concentrate (7.1%) which
was increased by hydrolysis with different proteases (35.5-88.6%). Therefore, whey
protein-derived ACE-inhibitory peptides/hydrolysates may find application in the
development of functional foods (Lopez-Fandifio et al., 2006). Ovine caseinate
hydrolyzed with protease from Bacillus sp. P7 for 2 h showed 94% of ACE inhibition
(Corréa et al., 2011) and, in this sense, casein hydrolysates were demonstrated to
possess a higher ACE-inhibitory activity than whey protein substrates, which might be
due to the higher proline content of caseins — that contributes to the inhibitory activity
of peptides —, and /or the usually higher susceptibility of caseins to proteolysis — with
the possible generation of a wider variety of peptides (Pihlanto-Leppéld et al., 1998;
Otte et al., 2007).

Peptides generated from both a-lactaloumin and B-lactoglobulin are reported to
posses ACE-inhibitory properties (Otte et al., 2007; Contreras et al., 2011; Tavares et
al., 2011; Tavares et al., 2011b). As for antioxidant activities, the ability of generated

peptides in protein hydrolysates to inhibit ACE activity might be dependent on the
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protease employed. The inhibition of ACE is usually greater when peptides contain
hydrophobic/aromatic amino acid residues at each of their three C-terminal positions
(FitzGerald et al., 2004). In this perspective, enzymes with specificity towards the
carboxylic side of aromatic and/or hydrophobic amino acid residues tend to generate
highly active ACE-inhibitory peptides (Lopez-Fandifio et al., 2006). For instance, whey
protein isolate hydrolysates obtained with chymotrypsin - which specifically cleaves
after aromatic amino acid residues - or Alcalase - which cleaves preferentially after
hydrophobic residues - usually show increased ACE-inhibitory activities when
compared to hydrolysates obtained with other enzymes (Costa et al., 2007; Adjono et
al., 2013). In the present study, the protease preparation employed for SCW hydrolysis
contained a major subtilisin-like serine protease (Corréa et al., 2010), which cleaves,
preferably, hydrophobic and aromatic amino acids at the substrate position PL.
Therefore, the exposure of aromatic and/or hydrophobic amino acids at the C-terminal
end of peptides during hydrolysis of the protease preparation from Bacillus sp. P7,
could have contributed to the increased ACE-inhibitory ability of SCW hydrolysates

when compared to non-hydrolyzed SCW.

4. Conclusions

The food industry is continuously faced with technological challenges to produce high
quality and safe foods, and to meet the increased consumer demands for more natural
and functional foods and/or food ingredients. Additionally, environmental aspects might
also be of concern, as in the case of cheese whey, which possesses a high pollutant load
and, thus, requires appropriate management strategies. From the results presented in this

manuscript, SCW could be a suitable substrate for controlled enzymatic hydrolysis by a
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protease preparation from Bacillus sp. P7 aiming the release of bioactive peptides. The
SCW hydrolysates, presenting antioxidative and antihypertensive properties, might be
potentially employed to retard lipid oxidation and deterioration of foods (particularly in
meat and meat products), and also as functional ingredients or dietary supplements.
Therefore, such enzyme-based technology could be an interesting approach contributing
to the management of and value-aggregation to SCW. Additional efforts are focused on

the identification of the peptides responsible for the observed bioactivities.
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Figure legends

Fig. 1. Soluble protein (m) and free amino acid (0) concentrations during the hydrolysis of
sheep cheese whey by the protease preparation from Bacillus sp. P7. Values are the means

of three independent experiments (S.E.M. < 5%)).

Fig. 2. Inhibiton of angiotensin-l1 converting enzyme activity by sheep cheese whey
hydrolysates obtained at different hydrolysis times. Values are the mean + standard
deviation for three independent experiments. Different lowercase letters indicate significant

differences (p < 0.05) by the t test.
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Table 1. Antioxidant activities of sheep cheese whey hydrolysates®

Hydrolysis ABTS radical Fe®*-chelating Reducing power
time (h) scavenging activity (%) ability (%) (absorbance at 700 nm)
0 15.89 + 0.78" 13.87 + 0.004% 0.397 + 0.034"

0.5 18.36 + 1.12° 19.05 + 0.0174 0.628 + 0.010°
1 32.61 +0.97° 36.87 + 0.033" 0.855 + 0.005°
2 37.49 + 1.99° 50.15 + 0.0042 0.802 + 0.038°
3 38.11 +1.43"8 43.12 + 0.015° 0.631+ 0.078°
4 42.07 £ 1.67° 40.43 + 0.007° 0.657 + 0.067°
6 51.30 + 0.5158 38.28 + 0.005° 0.733 +0.005°

# Values are the means + standard deviation for three independent experiments. Values

followed by different uppercase letters within the same column indicate significant

differences (p < 0.05) by t test.
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RESULTADOS || ) '
PURIFICAGAO E IDENTIFICAGAO DE PEPTIDOS BIOATIVOS

INTRODUCAO

O aumento na producéao de alimentos industrializados tem criado uma
demanda crescente de ingredientes que associem propriedades fisioldgicas e
funcionais. As fracdes proteicas do leite agregam atributos nutricionais,
funcionais e fisioldgicos, que podem ser isolados e utilizados pela industria
farmacéutica e de alimentos funcionais. Alimentos funcionais sdo entendidos
como aqueles que apresentam componentes com potencial protetor da saude,
especialmente no que se refere as doencgas crénicas nao transmissiveis.

O leite € um ingrediente de importancia fundamental para a industria de
alimentos. O fracionamento dessa matéria-prima gera uma série de produtos
indicados para inumeras aplicagdes, incluindo: soro acido, caseinatos, coagulo
de caseina, soro doce, concentrados e isolados proteicos de soro e
lactoalbumina.

Nos Uultimos anos, varios peptideos originados do leite tem sido
identificados e caracterizados. Esses fragmentos proteicos apresentam
propriedades bioquimicas especificas, que incluem atividade opibide, anti-
hipertensiva, imunomoduladora, antitrombdética e antioxidante.

O leite de ovelha é produzido no Brasil principalmente nas regides Sul e
Sudeste. Por ser muito mais concentrado do que o leite de vaca, geralmente é
processado em derivados lacteos, especialmente queijos e iogurte, em todo o

mundo. Entretanto, as pesquisas sobre o leite dessa espécie no Brasil sdo
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poucas, havendo necessidade de desenvolver novos produtos e processos
biotecnolégicos com aplicacdo comercial/industrial a partir de diferentes
matérias-primas, como o0 soro de queijo ovino e 0 caseinato ovino.

Os consumidores estdo cada vez mais a procura de alimentos
minimamente processados e/ou com propriedades funcionais, que possuam
longa vida de prateleira, porém preparados sem a adicdo de conservantes
quimicos, o que leva as industrias e instituicdes de pesquisa a busca de novas
tecnologias de conservacdo e processamento. Uma das alternativas para
aumentar a seguranca e a vida de prateleira dos alimentos é a bioconservacao,
na qual uma microbiota protetora e/ou peptideos bioativos sdo aplicados. Tais
agentes também vém sendo investigados quanto a producdo de alimentos
funcionais. Nessa terceira parte do estudo, hidrolisados de soro de queijo ovino
e caseinato ovino, anteriormente produzidos utilizando enzimas proteoliticas de
Bacillus sp. P7 e avaliados quanto as atividades antioxidantes e anti-
hipertensivas, foram purificados e o0s possiveis peptideos responsaveis por
estas atividades identificados. A partir destes dados, podera haver a
possibilidade de aplicacdo destes peptideos bioativos nas areas de ciéncia e
tecnologia de alimentos e nutricdo, objetivando aumentar potencialmente o
valor nutricional, a vida de prateleira e a seguranca de produtos alimenticios,
bem como o desenvolvimento de alimentos funcionais.

Com isso, 0 objetivo desse trabalho € purificar e identificar os peptideos
responsaveis pelas atividades biologicas ja observadas em trabalhos

anteriores.
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1. MATERIAIS E METODOS

As etapas de producéo e purificacdo parcial da enzima, hidrélise do soro de
queijo ovino e do caseinato ovino, andlise das atividades antioxidantes e anti-
hipertensivas ja foram anteriormente descritas. Esta etapa do trabalho visa
purificar e identificar os possiveis peptideos bioativos produzidos através da
hidrolise controlada de soro de gueijo ovino e caseinato ovino. Para atingir os

objetivos propostos, o0s seguintes materiais e métodos foram empregados.

1.1Fracionamento dos hidrolisados de caseinato ovi no por

ultrafiltracao

Os hidrolisados de caseinato ovino no tempo de 3 horas de hidrdlise que
apresentaram melhor atividade antimicrobiana, antioxidante e anti-hipertensiva
foram fracionados por ultrafiltracdo utilizando membranas de massa molar de
corte 10 kDa. ApoGs a ultrafiltracdo, o potencial bioativo (antioxidante e anti-
hipertensivo) da parte filtrada e da parte retida obtida foi analisado. Esta
membrana de massa molar de corte 10 kDa foi utilizada com o objetivo de
analisar sua eficiéncia na separacdo das proteinas durante a filtracdo do

caseinato ovino.

1.2Purificacdo dos peptideos bioativos dos hidroli sados de soro de

queijo ovino

O hidrolisado de soro de queijo ovino no tempo t4 horas que apresentou

melhor atividade antioxidante e anti-hipertensiva foi aplicada em uma coluna de
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cromatografia liquida de gel-filtracdo (Sephadex G-25) em volume n&o superior
a 5% do volume de resina na coluna. A coluna (20 x 0,8 cm), com fluxo de 0,40
mL/minuto, foi eluida com tampéao tris HCI (20 mM; pH 8,0), sendo coletadas 30
fracbes de 1 mL cada. As fracbes coletadas foram analisadas quanto as
bioatividades, no intuito de obter uma unica fracgdo com melhor atividade
antioxidante e anti-hipertensiva. A fracdo com a melhor atividade foi liofilizada e
ressuspendida em tampao Tris-HCI (20 mM; pH 8,0) e entédo aplicada em outra
coluna de gel-filtracdo (Sephadex G-10), nas mesmas condi¢cdes anteriores. A
fracdo que demonstrou melhor atividade antioxidante e anti-hipertensiva foi

liofilizada e enviada para analise de espectrometria de massas.

1.3Determinacéo da concentracdo de proteinas soliv  eis

Para determinar o contetdo de proteina sollvel das amostras utilizou-se o
meétodo descrito por LOWRY et al. (1951), com o emprego de reagente de
Folin-Ciocalteu. Trabalhou-se com dois reagentes: o reagente combinado (RC),
preparado com 0,5 mL de CuS0O,4.5H,0 0,5%, 0,5 mL de tartarato de Na/K 1%
e solucdo de Na,COsz (2%) em NaOH 0,1IN até o volume de 50 mL; e o
reagente de Folin-Ciocalteu (FC), que foi diluido (1:1) com agua destilada.

Para a reagdo misturou-se 100 pL de amostra e adicionou-se 2,5 mL de RC,
deixou-se 10 minutos a temperatura de 37 . Adicionou-se 300 pL do
reagente de FC diluido e deixou-se a temperatura ambiente por mais 30
minutos. As determinagdes de proteina sollvel das amostras foram realizadas
em triplicata e foi medida a absorbancia (750nm) em espectrofotometro

Shimadzu modelo UVmini-1240. Paralelamente, foi preparado um controle com
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100 pyL de agua destilada mais reagentes. A concentracdo de proteina foi
determinada através de comparacdo com curva-padrdo preparada com

albumina sérica bovina.

1.4Espectrometria de massas

A fracdo do caseinato ovino e de soro de queijo ovino com melhor
atividade antioxidante e anti-hipertensiva apo0s etapa de purificagdo foi
analisada por espectrometria de massas no centro de biotecnologia da UFRGS
(Q-TOF micro - Micromass/Waters) a fim de se avaliar seu grau de pureza,
determinar as massas moleculares dos componentes presentes, e identificar os
possiveis peptideos bioativos.

As amostras foram dissolvidas em uma solu¢do acetonitrila/agua 1:1
contendo 0,1% (v/v) de &cido formico. Um sistema de cromatografia liquida de
ultra-alta pressao (UPLC, NanoAcquity, Waters) acoplado ao espectrometro de
massas com fonte de ionizagdo por nano-eletrospray (nano-ESlI) foi usado (Q-
TOF micro - Micromass/Waters). O UPLC apresenta coluna Symmetry® C18 e
uma coluna cromatografica C18 Acquity UPLC BEH130. As separacdes
cromatograficas foram realizadas com um gradiente de eluicdo com dois
solventes: o solvente A foi 0,1% de &cido formico em agua e o solvente B foi
0,1% de acido formico em acetonitrila. Para calibragéo, &acido fosférico 0,1%
(agua/acetronitrila 1:1) foi usado. O espectrdmetro de massas foi operado no
modo de andlise de ions positivo. As condi¢des do eletrospray foram: fluxo de
0,6 uL/min; voltagem do cone 40 V; capilar 3.3 kV; temperatura da fonte de 100

C; gas no cone a 5 L/h; dessolvatagdo do gas a 30 L/h. As andlises de MS/MS
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foram realizadas usando gas argbnio para a fragmentacdo dos peptideos
eluidos. Os dados foram analisados com o software Waters MassLynx. O
espectro de MS/MS foi processado por subtracdo do sinal seguido da
suavizacdo do espectro com o método de Savitzky-Golay e medida do topo do
pico com parte central de 80%. Os dados gerados foram processados com
MASCOT Distiller (Matrix Science, UK), e os peptideos homédlogos foram
pesquisados na base de dados do NCBI (www.ncbi.nim.nih.gov) usando o

software MASCOT v. 2.2 (Matrix Science, UK).

2. RESULTADOS E DISCUSSAO

2.1 Fracionamento dos hidrolisados de caseinato ovino p or
ultrafiltracao

Os hidrolisados liofilizados de caseinato ovino no tempo de 3 horas
foram utilizados nesta etapa do trabalho, pois apresentaram melhor atividade
antimicrobiana.

Nesta etapa do trabalho foi utilizada membrana de corte molar de 10KDa
nos hidrolisados de caseinato ovino (t3). Os resultados de atividades bioldgicas
observadas para as fragOes retidas e filtradas na membrana de 10 kDa sé&o
apresentados na Tabela 1.

Tabela 1. Atividades bioldgicas dos hidrolisados de caseinato ovino

Caseinato hidrolisado ABTS % Anti-hipert. % Lowry (mg/mL)

Filtro 10KDa Retido ~ 84,3+0,04* 97,3+0,27° 27,45+1,23°%

Filtro 10KDa Filtrado  62,3+0,12° 91,1+0,13% 17,63+0,972

Controle 68,5+0,08° 62,7+0,58° 31,7+1,222
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As atividades biolégicas e fisioldgicas das proteinas do leite podem ser
atribuidas a varios peptideos, principalmente aqueles de baixa massa
molecular que podem ser produzidos in vitro por hidrélise enzimatica.

As atividades biologicas dos hidrolisados de caseinato ovino apés a filtracao
por membrana de massa molar 10 KDa estdo apresentados na tabelal. A
atividade antioxidante quando avaliada pelo método ABTS e a atividade anti-
hipertensiva, foi maior no hidrolisado retido. Segundo RAGHAVAN e
KRISTINSSON (2009), esse resultado pode ser devido as condicOes
empregadas, fazendo com que o processo de ultrafiltracdo pudesse reter
peptideos, cuja estrutura favorece as atividades biolégicas desses hidrolisados.

Nesta etapa do trabalho as linhagens bacterianas utilizadas como
indicadoras foram Bacillus cereus ATCC 9634 e Corynebacterium fimi NCTC
7547.

A capacidade dos hidrolisados de caseinato ovinos, apos utlizar
membrana de corte de 10 Kda, em inibir a multiplicacdo de bactérias foi

investigada. Os resultados sdo mostrados na Tabela 2.

Tabela 2: Atividades antimicrobianas de hidrolisados de caseinato ovino utilizando
membrana de corte de 10 kDa.

Microraanismo indicador Zona inibicao Zona inibicao
9 (mm)? filtrado (mm)? retido
Bacillus cereus ATCC9634 8.7 11.2

Corynebacterium fimi ATCC7547 10.5 12.7
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Peptideos antimicrobianos derivados das proteinas do leite geralmente

apresentam uma ampla atividade contra microrganismos deteriorantes e/ou de

importancia para a saude.

hidrolisados investigados anteriormente.

Esses resultados confirmaram a atividade dos

A amostra filtrada do caseinato ovino foi enviada para analise de

espectrometria de massas. Os resultados analisados pelo software MASCOT

resultaram na identificacdo de um peptideo majoritario, com massa molecular

de 1426 Da, correspondente a fragmento da caseina as; (Tabela 3).

Tabela 3 - Identificacdo dos peptideos do caseinato ovino

fon para MS/MS Massa Massa Fragmento Sequéncia
(m/z)? observada calculada® sugerido
714.3916 (2) 1426.7687 1426.8184 | Caseina ag; KYNVPQLEIVPK
f(118-129)

A carga é fornecida entre parénteses.

®Valor de massa monoisotdpica.

A figura 1 apresenta o espectro de massas do ion m/z 714,3916 o qual

foi identificado como um peptideo derivado da caseina as; com a sequéncia

KYNVPQLEIVPK.
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Figura 1 — Espectro de massas em tandem (MS/MS) do ion m/z 714,3916. ApoOs
interpretacdo da sequéncia e busca em banco de dados, o espectro MS/MS foi
condizente com o fragmento 118-129 da caseina as;.

Em trabalhos ja descritos anteriormente alguns peptideos antibacterianos
foram identificados a partir da as;-caseina e asy-caseina (RIZELLO et al., 2005;
MCCANN et al., 2006).

O espectro de massas da Figura 1 foi consistente com a sequéncia
KYNVPQLEIVPK que corresponde ao fragmento 118-129 da caseina as;.
Alguns valores similares a essa sequéncia foram observados na comparacao
deste estudo com aqueles relatados para peptideos obtidos a partir da hidrdlise
de caseinato bovino demonstrando atividade antimicrobiana (MCCANN et al.,
2006) e antioxidante (RIVAL et al., 2001; SUETSUNA, UKEDA, and OCHI,
2000).

A sequéncia identificada no caseinato ovino, KYNVPQLEIVPK,

apresenta homologia com peptideos bioativos descritos na literatura. Os
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peptideos KKYNVPQL e LEIVPK foram isolados do queijo Manchego
elaborado a partir de leite de ovelha e, apds sintese, foram comprovadamente
inibidores da enzima conversora da angiotensina (GOMES-RUIZ et al., 2004).
Ambos os peptideos estdo inseridos na sequéncia encontrada na amostra de
caseinato, sugerindo que esta pode contribuir ou ser responsavel pela atividade

anti-hipertensiva observada.

2.2 Purificacdo de peptideos bioativos dos hidroli sados de soro de

queijo ovino

A cromatografia liquida de gel-filtracdo separa moléculas basicamente por
tamanho e massa molecular, sendo que moléculas maiores sao eluidas da
coluna antes das moléculas menores. Isto ocorre, pois moléculas menores tém
acesso a uma maior porcdo dos poros da resina na coluna e, com isso, a
migracdo através da mesma ocorre em menor velocidade (SCOPES, 1994,
POPOVICI & SCHOENMARKERS, 2005; YU et al., 2006).

Os hidrolisados liofilizados de soro de leite ovino no tempo de 4 horas foram
utilizados nesta etapa do trabalho, pois apresentaram melhor atividade
antioxidante e anti-hipertensiva. Os hidrolisados utilizados nesta etapa foram
filtrados por membranas de tamanho de poro de 0,22 um antes de serem
aplicados na coluna. Estes hidrolisados foram passados por colunas de gel
filtracdo G-25 e G-10 (30 cm x 1 cm), onde foi aplicado 1 mL e coletadas no
total 30 fracdes de 1 mL. Apos foram feitas a analises de ABTS e atividade

anti-hipertensiva.
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Tabela 4. Atividades bioldgicas dos hidrolisados de soro de queijo ovino

Soro ABTS % Anti-hipert. %  Proteina (mg/mL)
T 4h 23,241,772 46,740,672 64,241,112
G-25 61,6+1,29° 45,240,292 11,9+0,91°
G-10 51,2+0,86° 14,1+0,89° 23,5+1,76°

As atividades antioxidantes e anti-hipertensiva dos hidrolisados de soro
de queijo ovino, apOs cromatografia liquida de gel filtracdo, foram avaliadas
(Tabela 4). A atividade antioxidante quando analisada ap0s a cromatografia de
gel filtracdo Sephadex G-25 apresentou atividade de 61,6% e apos
cromatografia de gel filtracdo G-10 sua atividade foi de 51,2%. A atividade anti-
hipertensiva também diminuiu apos as etapas de gel filtracdo (para G-25: 45%
e para G-10 de 14%)).

A fragcdo com maior atividade obtida através da cromatografia liquida de
gel filtracdo utilizando a coluna G-25 do soro de queijo ovino foi enviada para
analise de espectrometria de massas.

A tabela 5 apresenta o peptideo majoritario apOds analise através de
espectrometria de massas. Esse foi identificado como um fragmento sugerido
derivado da -lactoglobulina,

Tabela 5 - Identificagdo dos peptideos do hidrolisado de proteinas do soro

fon para Massa Massa Fragmento Sequéncia
MS/MS observada | calculada” sugerido
(m/z)?
778.8811(2) | 1555.7476 | 1555.7453 | B-lactoglobulina | LAFNPTQLEGQCHV
f(167-180)

A carga é fornecida entre parénteses.
®Valor de massa monoisotdpica.
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A Figura 2 apresenta o espectro de massas do ion m/z 778,8811 o qual
foi identificado como um peptideo derivado da [-lactoglobulina com a

sequéncia LAFNPTQLEGQCHV.
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Figura 2 — Espectro de massas em tandem (MS/MS) do ion m/z 778,8811. ApOs
interpretacdo da sequéncia e busca em banco de dados, o espectro MS/MS foi
condizente com o fragmento 167-180 da 3-lactoglobulina.

Vérios peptideos derivados da digestdo proteolitica da B-lactoglobulina
tem demonstrado atividade inibitéria da enzima conversora da angiotensina
(ECA). Tem sido demonstrado que a B-lactoglobulina ndo hidrolisada apresenta
atividade anti-hipertensiva muito baixa (MULLALLY, MEISEL, & FITZGERALD,
1997a, b), mas quando a proteina é hidrolisada utilizando pepsina, tripsina,
quimotripsina e/ou outras proteases, resultou em indices elevados de inibi¢do
da ECA (73-90%). Estes trabalhos mostraram que os peptideos bioativos eram

geralmente curtos (< 8 aminoacidos).
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Os peptideos derivados do fragmento da [-lactoglobulina néo
apresentam bioativos descritos até agora na literatura. Estudos estdo em
andamento para continuar a purificacao e identificacdo dos possiveis peptideos
responsaveis pelas bioatividades observadas, a fim de elucidar relacdes
estrutura-atividade dos peptideos presentes nos hidrolisados de soro de queijo
ovino. Essa identificacdo exata das sequéncias de aminoacidos que conferem
as bioatividades pode permitir a purificacdo e a sintese de peptideos bioativos
para sua posterior aplicacdo em alimentos. Além de possibilitar estudos para a
otimizacdo das condicbes de hidrolise, objetivando o enriquecimento dos

hidrolisados com os peptideos comprovadamente bioativos.
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4. DISCUSSAO GERAL

Peptideos bioativos tém atraido atencdo crescente devido as suas
potenciais aplicagcdes nas areas de ciéncia e tecnologia de alimentos, nutricdo
e saude humana. Peptideos e hidrolisados protéicos, obtidos a partir da
protedlise das diversas proteinas alimentares, sdo relatados como possuidores
de atividade antioxidante. As atividades antioxidantes podem proteger 0s
sistemas bioldgicos contra danos provocados pelo estresse oxidativo, que
estdo relacionados a diversas doencas humanas (SARMADI e ISMAIL, 2010).
Estes peptideos antioxidantes de hidrolisados também podem ser empregados
na prevencao de reacdes de oxidacdo (tais como a peroxidacao lipidica) que
levam a deterioracdo de alimentos e géneros alimenticios (ZHANG et al.,
2010). Na industria de alimentos, peptideos com atividade antioxidante
apresentam particular importancia, devido ao potencial carcinogénico de
antioxidantes sintéticos como butil-hidroxianisol (BHA) e butil-hidroxi-tolueno
(BHT) (ITO et al., 1985), e ao reconhecimento da relagdo entre dieta e saude,
gue aumenta a demanda dos consumidores por alimentos naturais e funcionais
(FITZGERALD et al., 2004).

Neste estudo, as atividades sequestrantes dos hidrolisados de caseinato
ovino foram determinadas utilizando dois radicais, ABTS e DPPH.

Quando utilizado o radical DPPH os resultados variaram muito ao longo
do tempo de hidrolise, e uma relacéo entre o tempo de hidrolise e a captura do
radical DPPH né&o foi possivel de ser estabelecida; no entanto, a maior

atividade foi evidenciada ap6s 1 h de hidrolise. A atividade antioxidante dos
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hidrolisados de caseinato ovino quando avaliado pelo método ABTS tenderam
a aumentar com o aumento nos tempos de hidrdlise.

O comportamento distinto dos hidrolisados protéicos nos ensaios ABTS
e DPPH pode ser explicado pela diferente estereosseletividade dos radicais,
diferentes peptideos presentes na amostra capazes de reagir e eliminar os
diferentes radicais, e diferentes reacdes estequiométricas entre o0s
componentes antioxidantes nos hidrolisados e os radicais ABTS e DPPH (ZHU
et al.,, 2008). Nesta perspectiva, 0 ensaio ABTS €& um dos protocolos mais
eficazes e mais comumente usados para monitorar atividades antioxidante
(SILVA et al., 2006).

O caseinato ovino quando submetido a hidrolise com a protease P7 por
30 minutos exibiu 83,3% de quelacdo de Fe** quando comparado com o
controle (0 h; 76%). Maiores periodos de hidrolise provocaram a diminuicdo da
atividade quelante de Fe**.

O poder redutor dos hidrolisados de caseinato ovino apresentou um pico
de atividade apd6s uma hora de hidrolise, decrescendo em seguida. Este ensaio
é baseado na capacidade de um composto para reduzir o Fe** para a forma
Fe?* (POWNALL et al., 2010).

Enzimas proteoliticas tém sido usadas com sucesso para gerar
peptideos inibidores da ECA a partir de proteinas alimentares, incluindo
caseinas (JIANG et al., 2007; CONTRERAS, CARRON, MONTERO, RAMOS,
& RECIO, 2009; SRINIVAS & PRAKASH, 2010; ZHU et al., 2010). A inibicdo da
atividade da ECA pelos hidrolisados de caseinato ovinos aumentou até 2 h de

hidrolise com a protease P7, diminuindo depois deste tempo. Resultados
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semelhantes foram relatados em outros hidrolisados protéicos, indicando que
existe um tempo 6timo de hidrolise ou grau 6timo de hidrélise e, como o tempo
de hidrolise progrediu, os peptideos inibidores da ECA foram hidrolisados para
produzir peptideos ou aminoacidos inativos (ZHU et al., 2010).

Caseinato ovino hidrolisado por 3 h com a protease parcialmente
purificada de Bacillus sp. P7 demonstrou atividade antimicrobiana contra
Bacillus cereus, Corynebacterium sp., Penicilium expansum e Aspergillus
fumigatus. As bactérias inibidas, particularmente Bacillus cereus, sao
importantes causas de intoxicacdo alimentar e deterioracdo, podendo também
atuar como patodgenos oportunistas em humanos (BOTTONE, 2010). Os fungos
inibidos pelo hidrolisado de caseinato ovino, Penicillium expansum e
Aspergillus fumigatus, podem causar doencas em humanos e plantas
(RHODES, 2006). Portanto a inibicdo de fungos filamentosos pode representar
uma aplicacao adicional dos hidrolisados como agentes antifungicos.

A atividade antioxidante dos hidrolisados de soro de queijo ovino,
quando avaliada pelo método ABTS, tendeu a aumentar com o incremento nos
tempos de hidrélise (to: 15,9%, ts: 51,3%). Resultados similares foram
reportados em hidrolisados de proteina de soro obtidos com diferentes
proteases microbianas (DRYAKOVA et al., 2010). Hidrolisados obtidos ap0s a
acdo da protease P7 por duas horas, exibiram 50,1% de quelacdo de Fe?*
enquanto que os controles (ty) apresentaram apenas 13,87% de quelacao;
contudo, hidrélises por periodos maiores provocaram a diminui¢cdo da atividade
quelante. O ferro atua como catalisador na producdo de radicais hidroxila

através da reacdo de Fenton (POWNALL et al., 2010), portanto contribuindo
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potencialmente para doencas relacionadas ao estresse oxidativo. Além disso,
metais de transicdo podem estimular a peroxidacédo lipidica em alimentos,
resultando em rancidez (ZHANG et al., 2010). O poder redutor apresentou-se
mais elevado apds uma hora de hidrélise (hidrolisados t;). Esta capacidade
indica que os hidrolisados podem atuar como doadores de elétrons, reduzindo
os intermediarios oxidados em processos de peroxidacdo lipidica.
Consequentemente, a quelacdo de ions metalicos pode contribuir para a
atividade antioxidante dos hidrolisados protéicos. De fato, a atividade
antioxidante de peptideos e hidrolisados protéicos usualmente resulta de
diferentes mecanismos, que incluem o sequestro de radicais, inibicdo da
peroxidacao lipidica, quelacdo de ions metalicos, ou uma combinacdo destes
(RIVAL et al., 2001). Logo, o potencial antioxidante deve ser avaliado por
diferentes métodos. A atividade antioxidante apresentada pelos hidrolisados
pode atuar na protecdo contra danos celulares e doencas cronicas
relacionadas ao estresse oxidativo. Estes hidrolisados podem ser também
empregados pela industria de alimentos na prevencéo de reacdes de oxidacéo
(como peroxidacéo lipidica) que levam a diminuicdo da vida de prateleira,
deterioracédo da qualidade nutricional e sensorial de alimentos.

A capacidade de inibicho da atividade da enzima conversora de
angiotensina-l (ECA) aumentou até 4 horas de hidrolise (to: 12,1%, t4: 55,7%),
diminuindo apos este periodo. A ECA faz parte do sistema renina-angiotensina,
que desempenha um papel importante na regulacdo da presséao arterial. Neste
sistema, a ECA catalisa a conversdo da angiotensina | em angiotensina Il, que

€ um potente vasoconstritor; aléem disso, a ECA degrada a bradicinina, um
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peptideo vasodilatador. Assim, os inibidores da ECA podem reduzir
potencialmente a hipertensédo, sendo potencialmente Uteis na prevencao e/ou
tratamento de doencas cardiovasculares (FITZGERALD et al., 2004).

Neste estudo a sequéncia identificada no caseinato ovino,
KYNVPQLEIVPK, apresentou homologia com peptideos anti-hipertensivos,
antimicrobianos e antioxidantes ja descritos na literatura (MCCANN et al., 2006;
RIVAL et al., 2001; SUETSUNA, UKEDA, and OCHI, 2000; GOMES-RUIZ et
al., 2004). Ja a sequéncia do soro de queijo ovino, LAFNPTQLEGQCHYV, néo

apresentaram bioativos descritos até agora na literatura.
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5. CONCLUSOES

A industria de alimentos € continuamente confrontada com desafios
tecnoldgicos para a producdo de alta qualidade e alimentos seguros, e para
atender as demandas dos consumidores aumentou o consumo de alimentos
naturais e funcionais e / ou ingredientes alimentares.

Hidrolisados de caseinato ovino apresentando atividades antioxidante,
anti-hipertensiva e antimicrobiana foram produzidos a partir de uma protease
microbiana parcialmente purificada de Bacillus sp. P7. As bioatividades
apresentadas pelos hidrolisados protéicos podem ser resultado do efeito
sinérgico de diferentes peptideos dentro da mistura. Esses hidrolisados de
caseinato ovino podem ser Uteis em aplicacbes na industria alimenticia, com o
objetivo de aumentar potencialmente o valor nutricional e a vida de prateleira
de produtos alimenticios, bem como no desenvolvimento de alimentos
funcionais.

Neste estudo, demonstrou-se que a hidrolise enzimatica controlada pode
atuar no incremento das capacidades antioxidantes e da atividade anti-
hipertensiva de soro de queijo ovino. Observou-se que o tempo de hidrolise
pode afetar as bioatividades avaliadas. Este estudo indica que a hidrolise
enzimatica pode ser potencialmente empregada como uma tecnologia de
processamento do soro de queijo ovino. Esta tecnologia apresenta duas
vantagens intrinsecas para a inddstria, quais sejam: a bioconversdo de um
subproduto potencialmente poluente produzido abundantemente em laticinios,

e a concomitante agregacdo de valor a este subproduto. Os hidrolisados
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obtidos oferecem a possibilidade de aplicacgdo em areas como a ciéncia e
tecnologia de alimentos e nutricdo, com o objetivo de aumentar potencialmente
o valor nutricional e a vida de prateleira de produtos alimenticios, bem como
para o desenvolvimento de alimentos funcionais.

A partir desses estudos deve-se concentrar na purificacdo e
identificacdo dos peptideos presentes nos hidrolisados de caseinato ovino e

soro de queijo ovino.
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