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WEBER, Cleusa Inés. Extracdo de fitase enddgena de farelo de arroz integral
sua aplicacdo na producdo de ingrediente com baixo teor de acido fitico e
avaliacdo da adicdo em dietas para frangos de corte. 2012. 103 f. Tese
(Doutorado em Ciéncia de Alimentos) — Universidade Estadual de Londrina,
Londrina, 2012.

RESUMO

O objetivo deste trabalho foi extrair a fitase endégena de farelo de arroz integral e
aplicar para produgado de um farelo de arroz com baixo teor de acido fitico e sua
avaliar a adicdo na dieta de frangos de corte. Para estabelecer as condi¢gbes 6timas
do processo de extragao da fitase enddégena foi avaliado o pH, temperatura e tempo
de extracdo com cinco niveis de variagdo, utilizando o delineamento composto
central ortogonal. Para obter o farelo de arroz com baixo teor de acido fitico foi
utilizado o delineamento Box-Behnken. O efeito da adi¢gao do farelo de arroz integral
e do farelo de arroz com baixo teor de acido fitico no desempenho das aves e
estabilidade das carnes de frangos foi avaliado. Foram utilizados 260 pintainhos de
um dia que foram alimentados por 36 dias com racdo comercial. Na fase de
terminacao, as aves foram divididas em cinco tratamentos: controle comercial, 5% e
10% de farelo de arroz integral e 5% e 10% de farelo de arroz com baixo teor de
acido fitico. No processo de extragdo da fitase endoégena foi obtido 0,936 UA de
fitase/g farelo de arroz integral. Foi produzido um farelo de arroz de baixo teor de
acido fitico, com hidrélise de 84,79% de acido fitico, a partir da adicao de 30 UA de
fitase enddgenal/g de farelo de arroz e incubacéo a 40°C por 36h. A adigdo de até
10% de farelo de arroz integral e de farelo de arroz com baixo teor de acido fitico na
ragao dos frangos de corte na fase de terminagao, ndo apresentou efeito significativo
em relagcdo ao ganho de peso, consumo de ragédo e conversao alimentar, bem como
no pH e atributos de cor de peitos de frangos armazenados 24h post mortem. A
adicao de 5 ou 10% de farelo de arroz integral na dieta de frangos de corte na fase
de terminagéo inibiu a oxidacgéo lipidica e desenvolvimento de aroma de requentado
de peitos de frangos armazenados até 90 dias a -18°C. A adigao de 5 ou 10% de
farelo de arroz com baixo teor de acido fitico na dieta de frangos de corte na fase de
terminagcdo nao inibiu a oxidacado lipidica e o desenvolvimento de aroma de
requentado de peitos de frangos armazenados a -18°C por 90 dias.

Palavras — chave: Aroma de requentado. Atividade de fitase. Conversdo alimentar.
Oxidagao lipidica. Qualidade da carne de frango.



WEBER, Cleusa Inés. Extraction of endogenous phytase whole rice bran its
application in production of ingredient with low phytic acid and evaluation in
the addition in diets for broiler chicken. 2012. 103 p. Thesis (Doctorate in Food
Science) — Universidade Estadual de Londrina, Londrina, 2012.

ABSTRACT

The objective of this study was to extract the endogenous phytase from whole rice
bran and apply for production of an low phytic acid rice bran and evaluate the
addition in broilers chicken diets. To establish the optimum conditions of extraction of
endogenous phytase was evaluated pH, temperature and hours of hydrolysis using
na orthogonal central composite design. For obtain the low phytic acid rice bran was
used a Box-Behnken design. The effect of addition of whole rice bran and low phytic
acid rice bran on animal performance and stability of chicken meat was evaluated
using 260 day-old chicks that were fed for 36 days with commercial ration. On the
termination phase the animals were divided into five treatments: commercial control,
5% and 10% of whole rice bran and 5% and 10% low phytic acid rice bran. Was
produced an low phytic acid rice bran with reductlon of 84.79% phytic acid from the

addition of 30 UAoh endogenous phytase g of rice bran and incubation at 40 °C for
36 h. The addition of up to 10% of whole rice bran or low phytic acid rice bran in the
chickens diet in the finishing phase, had no significant effect in relation to weight
gain, feed intake and feed conversion as well as the pH and color attributes of
chicken breasts stored 24 h postmortem. The addition of 5 or 10% of whole rice bran
in the diet of broilers in the finishing period inhibited lipid oxidation and development
of warmed-over flavor in chicken breast stored up to 90 days at -18 °C. The addition
of 5 or 10% of low phytic acid rice bran in the chickens diet in the finishing period did
not inhibit lipid oxidation and the development of warmed-over flavor in chicken
breasts stored at -18 °C for 90 days.

Key —words: Warmed-over flavor. Phytase activity ¢ acid. Phytase. Chicken meat
quality.
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INTRODUCAO

Acido fitico (acido hexafosférico mio-inositol ou 1,2,3,4,5,6
hexafosfato de hidrogénio mio-inositol) ou fitato pode formar complexos insoluveis
com o ferro , zinco e calcio e pode também se ligar a proteinas reduzindo a sua
biodisponibilidade ou reduzindo a absor¢do de alguns minerais por humanos e
animais (REDDY, 2002). O mesmo é a maior fonte de armazenamento de fosforo de
sementes e de polen. Cerca de 70-80 % de fosforo presente em vegetais esta na
forma de fitato (FEBLES et al., 2002; REDDY, 2002; PRAZERES et al., 2004).

Importante potencial antioxidante é atribuido ao acido fitico, devido a
elevada capacidade quelante, que pode tornar insoluveis 0s minerais como o calcio,
zinco, ferro, manganés. O poder quelante foi considerado como constituinte de efeito
antinutricional, embora, alguns estudos sugerem que o efeito antinutricional depende
da proporgao relativa de fitato e metal e outros ions componentes da dieta (GRAF e
EATON, 1990; FEBLES, et al., 2002). Pesquisas recentes tém demonstrado que o
acido fitico teve efeito anticancerigeno em humanos (SHAMSUDDIN e YANG, 1998;
VUCENIK et al, 1998; SHAMSUDDIN e VUCENIK, 1999; BODE e DONG, 2000;
JENAB e THOMPSON, 2002; VERGHESE et al., 2006; VUCENIK e SHAMSUDDIN,
2006), e na prevencao da oxidagcédo dos alimentos (MINIHANE E RIMBACH, 2002;
AHN et al., 2003; AHN et al., 2004; POKORNY et al., 2005). O acido fitico também
se mostrou efetivo na suplementacdo em aves (SOARES et al.,, 2004) e suinos
(HARBARCH et al., 2006) prevenindo a oxidagao lipidica destas carnes. A adicao de
acido fitico apds o rigor mortis se mostrou efetiva sobre a oxidacéo lipidica de carnes
bovinas e suinas cruas e cozidas (STODOLAK et al., 2007).

No entanto, o acido fitico presente em plantas e vegetais mantém o
fésforo indisponivel para utilizagdo de animais monogastricos, devido a sua falta de
fitases digestivas (REDDY, 2002). Portanto, mesmo o acido fitico considerado como
um componente indesejavel para a dieta, o fornecimento de dietas com altos teores
de acido fitico na fase final e por curto periodo pode evitar a oxidagao lipidica das
carnes. Além disso, aves mais velhas apresentam maior atividade de fitase
endogena no intestino do animal (SINGH, P.K., 2008).

A fitase ou mio-inositol phosphohydrolase hexafosfato é uma enzima
que possui a capacidade para hidrolisar os grupos fosfato do acido fitico e produzir

isobmeros diferentes de pentaphosphates inositol, fésforo inositol e inorganicos.
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Devido a especificidade em relagdo a posicao do éster de fosfato a ser hidrolisado
primeiro, as fitases sao classificadas em 3-fitase e 6-fitase (KONIETZNY e
GREINER, 2002). Fitases estdo presentes em fontes vegetais, microbianas e em
certos tecidos animais. Geralmente, a concentragdo de fitases endoégenasdos
cereais nao é suficiente para hidrolisar o acido fitico em racdes contendo. A adigao
de fitase comercial em dietas de animais monogastricos aumenta a utilizagao de
fésforo, aminoacidos, minerais inorganicos, de energia e melhora a absorgao do
fosforo fitico presente em dietas ricas em cereais (LOZANO et al., 2011).

O farelo de arroz € um subproduto e representa 8% do arroz integral,
€ rico em fibra insoluvel e uma possui uma quantidade consideravel de carboidratos,
proteinas e lipidios (LACERDA et al., 2010). Devido ao elevado teor de fibra, o farelo
€ raramente utilizado para consumo humano e animal. No entanto, o farelo de arroz
contém cerca de 7,0% de acido fitico (CANAN et al., 2011, KASIM e EDWARDS,
1998) e do fosforo fitico representa aproximadamente 75,0% do total de fésforo
(REDDY, 2002). Seu uso na alimentacdo de animais é limitado devido ao alto
conteudo de fibras insoluveis e de polissacarideos ndo amidicos que reduzem a
digestibilidade. Uma estratégia sugerida para nao afetar o seu uso foi a inclusdo de
niveis entre 10 e 20% de farelo de arroz integral na dieta de animais monogastricos
(GALLINGER, et al., 2004, SCHOULTEN, et al., 2003). Varios pesquisadores tém
buscado adicionar ingredientes alternativos a alimentacdo para que possam
promover ou garantir a qualidade da carne. O uso de farelo de arroz, rico em acido
fitico, pode ser uma alternativa viavel, para a alimentacdo de animais monogastricos.
Além de substituir parte do milho, componente que mais onera a ragao, o elevado
teor de acido fitico presente pode atuar como um antioxidante sobre a estabilidade

lipidica a carne de frango obtida.
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2 OBJETIVOS

Investigar o efeito das variaveis tempo, temperatura e pH no
processo de extragao da fitase enddégena do farelo de arroz integral.

Investigar o efeito das variaveis tempo, temperatura e teor de fitase
endogena de farelo de arroz integral para a producgao de farelo de arroz com baixo
teor de acido fitico.

Investigar o efeito da adicdo de farelo de arroz integral e farelo de
arroz com baixo teor de acido fitico em dietas de frangos de corte, na fase de

terminacgao e avaliar o desempenho das aves e a qualidade da carne.
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3 REVISAO BIBLIOGRAFICA

3.1 FARELO DE ARROZ

No beneficiamento do arroz sdo obtidos varios subprodutos
passiveis de agregar valor tecnolégico e nutricional. Dentre esses, encontra-se o
farelo de arroz, que é o produto proveniente do polimento do arroz descascado para
produzir o arroz branco (MORO et al.,, 2004). Representa cerca de 8% do arroz
integral e possui teores variaveis de amido provenientes do endosperma, de
residuos de casca e de fragmentos de grdo. E um produto com teor variavel de
nutrientes, conforme a cultivar, sistema de beneficiamento, grau de polimento do
arroz e do tratamento do grao antes beneficiamento (SOARES JUNIOR et al., 2009).

O farelo de arroz apresenta 6tima fonte de carboidratos, fibras,
vitaminas, minerais, proteinas e lipidios. As fibras do farelo de arroz possuem boa
capacidade de absorgdo de agua e 6leo e, por isso, podem contribuir para o
desenvolvimento de uma enorme variedade de novos produtos industrializados
(SOARES JUNIOR et al., 2009). Além das vantagens relacionadas ao contetido de
fibra alimentar no farelo de arroz, este, ao contrario dos farelos de trigo, aveia,
cevada e centeio, n&o possui gluten, podendo, portanto, ser utilizado por pessoas
intolerantes a esta proteina (LACERDA et al., 2010). Além disso, o farelo de arroz,
também possui baixo indice glicémico que faz com que os carboidratos sejam
absorvidos lentamente, atenuando os picos glicEmicos apds as refeicbes e
promovendo maior saciedade (HEISLER et al., 2008).

Na composi¢ao do farelo de arroz ha também compostos fendlicos
que podem atuar como antioxidantes (MORO et al., 2004). O farelo de arroz possui
alta concentragdao de fitinas (9,5 a 14,5%), matéria-prima fundamental para a
obtencgao de acido fitico e fitatos (AMATO, 2006). Portanto, o acido fitico do farelo de
arroz pode ser utilizado como aditivo alimentar com func&o antioxidante (PESTANA
et al., 2008).Desta forma, o farelo de arroz apresenta grande potencial para
utilizacao na formulagao de alimentos infantis, barras de cereais e outros produtos
(HEISLER et al., 2008), embora a textura fibrosa, alto conteudo de lipidios e 16
liberagdo de acidos graxos sejam fatores limitantes que restringem a sua utilizagao
na alimentagdo humana (ALENCAR e ALVARENGA, 1991).
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O aproveitamento dos produtos do beneficiamento do arroz no Brasil
ainda é incipiente e pouco diversificado. A casca e o farelo ainda sao vistos como
sinbnimos de poluicdo ambiental. Nas regides onde o arroz é altamente consumido,
grandes quantidades de farelo sdo desprezadas (HEISLER et al., 2008; SOARES
JUNIOR et al., 2009). O fator limitante ao uso deste ingrediente nas dietas de
animais monogastricos € a presenca de fatores antinutricionais, como os
polissacarideos ndao-amilaceos, componentes n&o digeriveis por estes animais e que
interferem na absorgao intestinal dos lipidios (BRUM et al., 1993). A adi¢ao de farelo
de arroz na alimentacdo de animais monogastricos, principalmente em aves é
sugerida, sem prejuizo ao desempenho em até 20% (BRUM et al.,, 1993;
SCHOULTEN et al., 2003; GALLINGER et al., 2004). No entanto, pesquisas que
envolvem a viabilizagcdo da utilizacdo do farelo de arroz, na alimentacdo humana,
podem garantir ao consumidor um produto seguro, do ponto de vista nutricional,
microbiolégico e sensorial, além de auxiliar no planejamento de estratégias de
promogao da saude publica (LACERDA et al., 2010).

3.2 CARACTERISTICAS DO AcIDO FiTICO

O &cido fitico ou acido hexafosférico mio-inositol ou 1, 2, 3, 4, 5, 6
hexafosfato de hidrogénio mio-inositol (IUPAC — IUB, 1968) estd amplamente
presente em fontes vegetais e seu teor é elevado em graos e sementes oleaginosas
(FEBLES et al., 2002). O acido fitico representa a principal forma de armazenamento
de fosforo e é acumulado durante a maturagéo e disponibilizado na germinacéo da
planta (REDDY, 2002; PRAZERES et al., 2004) como funcéo de reserva de fésforo
(LOPEZ et al.,, 2000) e cations ou protecdo contra danos oxidativos durante a
dorméncia ou germinagao (KAMAO et al., 2000). O mesmo ainda pode estar
presente na forma livre, fitato (sal de calcio do acido fitico) ou fitina (sal de
célcio/magnésio do acido fitico) dependendo do pH e ions metalicos presentes
(OTAWAY, et al., 2001).

Usualmente é denominado de acido fitico a forma livre do myo-
inositol hexafosfato ou IP6. A forma anidnica do IP6 é denominada de fitatos e esta
presente nas plantas. O termo fitina refere-se especialmente aos complexos do IP6
com potassio, magnésio e calcio e pode ligar-se a proteinas e amidos (ANGEL et al.,
2002; SELLE e RAVINDRAN, 2007). Na forma livre o acido fitico pode existir como
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fitato (sal de calcio do acido fitico) ou fitina (sal de calcio/magnésio do acido fitico)
dependendo do pH e ions metalicos presentes. A completa hidrélise do acido fitico
ou fitato produz inositol e fosfatos inorganicos. Os fosfatos de inositol encontrados
em grédos conttm ao redor de 90 % do inositol na forma hexafosforica,
correspondendo os 10 % restantes a somatéria dos penta, tetra e trifosfatos
(QUIRRENBACH, 2007). A estrutura quimica do acido fitico foi proposta por
Anderson (1914) citado por Erdman (1979). Blank et al. (1971) utilizaram analises
cristalograficas de raio X e destacaram a estrutura do acido fitico como éster
hexaortofosfato de mio-inositol com grupos fosfatos C1, 3, 4, 5 e 6 na posi¢ao axial e
C2 na posicao equatorial. Costello et al. (1976) empregaram ressonancia nuclear
magnética e propuseram a conformagao de cadeira do mio-inositol hexafosforilado
em solugdes (Figura 1).

O acido fitico € uma molécula carregada negativamente em ampla
faixa de pH e possui 12 protons substituiveis (TSAO et al., 1997), € inerte e estavel
na forma sélida e pode ser estocado por muitos anos em solugéo aquosa, neutra, ou
em solugdo alcalina a 5 °C pode ser conservado por varios meses sem se
decompor. As seis ligagcdes éster fosforicas apresentam alta energia potencial. A
liberagcéo de 50 % do fésforo requer hidrolise acida com HCI 5 N a 100 °C por 6 h em
solugédo de pH 12 (GRAF e EATON, 1990). Estudos in vitro indicaram que o mio-
inositol hexafosfato (IP6) e seus derivados, o IP5, IP4 e IP3, ligam-se a ions
metalicos em pH similar ao pH do duodeno. A capacidade de ligagdo do inositol
fosfato aos ions metalicos € dependente do numero de grupos fosfatos
desprotonados da molécula (PERSON et al.; 1977).

A degradagdo do acido fitico ocorre durante o processamento do
alimento e também no trato gastrointestinal. Esta degradacédo é de grande
importancia nutricional, pois a ligacdo do acido fitico com os minerais diminui,
aumentando a solubilidade quando os grupos fosfatos sdo removidos do anel inositol
e como consequéncia ha o aumento da biodisponibilidade dos minerais
(SANDBERG, 2002). O conteudo de acido fitico pode ser reduzido por processos
como maceragao, germinagao (AGOSTINI et al., 2010), fermentagcdao (BEAL e
MEHTA, 1985) ou outros processos. O cozimento também pode ativar a fitase
endodgena e hidrolisar o acido fitico (BULLOCK et al., 1993).
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Figura 1 — Estrutura do acido fitico em solugédo (COSTELLO et al., 1976)

O acido fitico esta presente em varios grdaos como centeio
(HARLAND E OBERLEAS, 1987), trigo, aveia, milho (KASIM e EDWARDS, 1998) e
arroz (JOUNG et al., 2004). O mesmo ocorre de forma simultdnea com seus sais e
normalmente nao se faz distingdo entre as suas formas. O teor € maior nas camadas
externas do grao (aproximadamente 88 %), estando associado principalmente a
camada de aleurona. Devido a isto, o polimento resulta em reducgé&o significativa na
concentracido, sendo que o arroz branco polido apresenta 0,065 % de acido fitico,
comparando a 0,78 % no arroz integral (WALTER et al., 2008). No arroz, este
composto esta distribuido em seus diferentes componentes, com 80 % concentrado
no aleurona e pericarpo, 7,6 % no germe e 1,2 % no endosperma (O’DELL et al.,
1972). Nas diversas espécies vegetais 90 % do acido fitico esta localizado na
camada aleurénica e o restante 10 % no embrido (QUIRRENBACH, 2007). O farelo
de arroz € constituido de pericarpo, aleurona e germe, apresentando elevado teor de
acido fitico que varia de 5,94 a 7,00 % (KASIM e EDWARDS, 1998; CANAN et al.,
2011).
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O acido fitico possui acdo quelante de minerais como cobre, calcio,
magnésio, zinco e ferro. A maior parte dos complexos formados com o acido fitico é
insoluvel, tornando-os indisponiveis para a absorgdo em condi¢des fisiologicas
normais (SATHE e REDDY, 2002). A natureza iénica do acido fitico permite que o
mesmo possa se ligar diretamente com grupos de proteinas carregados
positivamente ou indiretamente com grupos carregados negativamente, quando
mediado por um mineral com carga positiva, como o calcio, por exemplo. Os
complexos minerais formados, proteina-fitato e fitato-mineral-proteina, sao insoluveis
que dificulta a hidrélise durante a digestdo e consequentemente diminuindo a
digestibilidade e biodisponibilidade da proteina (SATHE e REDDY, 2002). A
solubilidade do acido fitico € apontada como dependente do pH e proporcao da taxa
molar de minerais e do acido. O fitato também é capaz de se combinar com o amido
por meio de ligacbes de pontes de hidrogénio com o grupo fosfato, resultando no
decréscimo de sua solubilidade e biodisponibilidade (SATHE e REDDY, 2002).

O efeito de reducdo na biodisponibilidade de minerais em dietas
ricas em acido fitico foi observado pela formacdo de complexos fitato-mineral ou
proteina-mineral-fitato que s&o altamente insoluveis. Quando os complexos
formados incluem proteinas, ocorre uma reducao na biodisponibilidade de proteinas
ou reducdo da atividade de enzimas. Os principais fatores que determinam a
complexacdo de fitato-mineral sdo o pH, tamanho e valéncia do mineral,
concentracao e proporcao de fitato € mineral e também o meio ou a matriz alimentar
(WEAVER e KANNAN, 2002).

O poder quelante dos fitatos aumenta com o aumento do numero

atbmico do mineral. Ja a estabilidade do complexo fitato-mineral formado apresenta

2+ 2+ 2+ 2+ 2+ 2+
a seguinte ordem: Zn > Cu > Ni > Co > Mn > Ca . Portanto, o zinco é o

mineral mais afetado (WEAVER e KANNAN, 2002).
3.3 APLICACOES E Usos Do Acipo FiTico

O acido fitico tem sido considerado como um fator antinutricional
devido a interagdo com minerais que reduzem a biodisponibilidade no organismo.
Dentre estes estudos, diversas pesquisas avaliaram a biodisponibilidade de zinco

em alimentos e verificaram que o acido fitico possui agdo negativa sobre o zinco e
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na presenca de calcio ocorreu a formagao de um complexo insoluvel calcio-acido
fitico-zinco (ZHOU E ERDMAN, 1995; ADEYEYE et al.; 2000, MA et al., 2005;
FRENDLUND et al., 2006). Esta caracteristica esta relacionada a dietas compostas
basicamente de sementes, graos e vegetais (LOTT et al., 2002).

Entretanto, o acido fitico tem apresentado efeitos benéficos em
individuos que se alimentam com grande quantidade de carne vermelha, pois reduz
a biodisponibilidade de ferro, e este, presente em grande quantidade em carnes,
pode estar associado a fatores que desencadeiam diversos tipos de cancer
(WEINBERG, 1994).

O mecanismo de acao acido fitico como anticancerigeno
possivelmente esta associada a inibicdo da alteragdo genética ou pela sua
propriedade antioxidante (FOX e EBERL, 2002). O efeito inibidor do acido fitico foi
confirmado por meio de ensaios com ratos sobre os varios tipos de cancer, como de
mama (SHAMSUDDIN e VUCENIK, 1999), figado (VUCENIK et al., 1998), prostata
(SHAMSUDDIN e YANG, 1998), sarcoma (VUCENIK et al., 1998), pele (BODE e
DONG, 2000) e colon (JENAB e THOMPSON, 2002; VERGHESE et al., 2006).
Porém, este mecanismo de acdo nao foi totalmente esclarecido (JENAB e
THOMPSON, 2002), devido a baixa incidéncia de cancer, principalmente, de
prostata e mama em homens e mulheres japoneses, respectivamente, que foi
associada ao grande consumo de alimentos ricos em fibras e consequentemente
acido fitico (ZHOU e ERDMAN, 1995). FOX e EBERL (2002) concluiram que a
capacidade quelante do ferro, magnésio e zinco inibiu a reacbes oxidativas,
restringindo o dano ao DNA e limitando o crescimento de tumores e de células
cancerigenas.

Os alimentos ricos em acido fitico apresentam efeito
hipocolesterolémico, e ainda efeito sobre tratamento das diabetes (JENAB e
THOMPSON, 2002; LEE et al., 2006). O efeito ocorre devido a inibigdo da digestédo
do amido, ligagbes do amido por pontes de hidrogénio, ligagdo com proteinas ou

inibicdo da digestao devido a ligagdo com a amilase ou cofatores enzimaticos como

o Ca (JENAB e THOMPSON, 2002).
Em humanos, o acido fitico apresenta efeito inibidor na absorcao de
calcio (RIMBACH et al.,, 1995), porém alguns pesquisadores nao verificaram o

mesmo efeito em sistemas modelos utilizando ratos. A reagao entre o acido fitico e o
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calcio provoca a formacao de complexos de fitato pouco soluveis para as fitase. Uma
alimentagao rica em calcio pode causar a calcificagdo nos rins. Em experimento
realizado com ratas foi observado que a ingestao de alimentos ricos em acido fitico
preveniu a formacido de cristais de calcio e consequentes problemas renais
(GRASES et al., 2000).

O acido fitico é tem sido investigado como antioxidante em alimentos
devido a sua capacidade quelante (, MINIHANE E RIMBACH, 2002; AHN et al.,
2003; AHN et al., 2004; POKORNY et al., 2005). A capacidade antioxidante esta
associada com a habilidade do fitato quelar os minerais, principalmente o ferro. A
formagao de radical hidroxil mediada pelo ferro é inibida, pois o ferro ligado ao fitato
torna-o cataliticamente inativo (GRAF e EATON, 1985). Assim, os materiais
bioldgicos altamente sensiveis ao oxigénio sao preservados pela reagado de Fenton

(GRAF et al., 1987). O acido fitico altera o potencial redox do ferro mantendo-o na

3+
forma férrica (Fe ) e neste estado é relativamente inerte. O ferro na forma ferroso

+

(Fe2 ) € mais reativo e produz oxiradicais e peréxidos de lipidios (, GRAF et al.,
1987; EMPSON et al., 1991; FILGEIRAS et al. 2009).

A atividade antioxidante do acido fitico em carnes tem sido
comprovada. A adi¢cado de 0,75 mmol/L de acido fitico em carne de frango ocasionou
menor mudanga oxidativa desencadeada pelo ferro e consequentemente menos
peroxidacao lipidica (EMPSON et al. 1991). Comparando o acido fitico com o
ascorbato, BHT e EDTA em carne homogeinizada, Lee e Hendricks (1995)
verificaram que o acido fitico foi mais efetivo para a peroxidacao lipidica, pois
possivelmente maior quantidade de ferro foi oxidado formando quelatos que sao
cataliticamente inativos. Avaliando o potencial antioxidante do acido fitico em relagéo
ao pirofosfato de sdédio e tripolifosfato de sddio, a acdo destes antioxidantes foi 22
similar em carnes cruas armazenadas a 2 °C por um dia. Porém, em carnes cozidas
reestruturadas o acido fitico foi mais efetivo (LEE et al., 1998).

O potencial antioxidante de 5 mM de acido fitico adicionado a carnes
suinas e bovinas cruas e cozidas cruas foi comprovado, sendo que a formacéo de
metamioglobina foi inibida em carne crua e a inibigdo da oxidacéo lipidica foi maior
nas carnes cozidas (STODOLAK, et al., 2007). Ao avaliar as carnes de frango
adicionados de acido fitico armazenadas por 5 dias a 6 °C provenientes de aves

receberam dietas suplementadas com vitamina E, foi constatado que ocorreu 95 %
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inibicdo de desenvolvimento de aroma de requentado. Os resultados indicaram
possivel sinergismo entre o acido fitico que atuou na fase de propagacédo e a
vitamina E que foi efetiva na fase inicial da peroxidacao lipidica (SOARES et al.,
2004).

A adicao de fontes ricas em acido fitico em dietas de animais
monogastricos apresenta potencial antioxidante enddgeno nas carnes obtidas. A
utilizacdo de gérmen de milho desengordurado nas dietas de suinos na fase de
terminacao inibiu a oxidagéo lipidica nas carnes congeladas por 30 dias, sendo que

o desempenho animal ndo foi afetado (HARBACH et al., 2007). A
adicao de farelo de gérmen de milho desengordurado em dietas de suinos exerceu
influéncia positiva sobre a estabilidade lipidica do lombo e da linguica tipo frescal,
agindo como um antioxidante endégeno (PACHECO, 2010).

3.4 CARACTERISTICAS GERAIS DE FITASES E APLICACOES

As fitases (mioinositol-hexafosfato fosfohidrolase) séo fosfatases que
possuem capacidade de hidrolisar grupos fosfatos do acido fitico (KIES et al., 2001,
KONIETZNY, et al., 2002). Apresentam especificidades diferentes para hidrolisar os
grupos de fosfato do fitato, resultando em diferentes isébmeros de inositois
pentafosfatos, inositol e fésforo inorganico. Existem duas classes de fitases, a 3fitase
e 6-fitase devido a sua especificidade em relacido a posi¢cao do primeiro fosforoester
a ser hidrolisado. A 3-fitase remove inicialmente um grupo ortofosfato da posi¢cao C3,
enquanto a 6-fitase realiza a remogao na posigdo C6 da molécula de mioinositol
hexafosfato. A maioria das 3—fitases sdo de origem microbiana com excegédo da
fitase da soja, e a 6-fitase normalmente encontra-se nas plantas com excegao da
fitase obtida da Escherichia coli (PANDEY et al., 2001; KONIETZNY e GREINER,
2002; SELLE e RAVINDRAN, 2006;).

A reacido de desfosforilacdo realizada pela fitase converte o acido
fitico em acido fosférico, inositol livre, e/ou compostos intermediarios incluindo
ésteres de inositol mono-, bi-, tri-, tetra, e pentafosfato (IP1-IP5) dependendo do grau
de desfosforilagdo. A sequencia da reacdo de degradagdo do acido fitico é: IP6
—IP5 — IP4 — IP3 — IP2 — IP1 — inositol (DASGUPTA et al., 1996; KONIETZNY
e GREINER, 2002).
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A atividade enzimatica da fitase € determinada utilizando sais de
acido fitico e permite distinguir fitase de outras fosfatases acidas, que sao incapazes
de degradar o fitato. No entanto, a especificidade do substrato para fitase pode
variar devido a diferencas nas caracteristicas moleculares de enzimas purificadas de
diferentes fontes (WYSS et al., 1999). Para determinar a atividade da fitase é
mensurada a quantidade de fosfato inorgéanico (Pi) liberado pela agcdo da enzima.
Uma unidade de atividade da enzima pode ser definida como a quantidade de
enzima necessaria para liberar um pmol de Pi por minuto de reagdo nas condicdes
de pH, temperatura e concentracdo de fitato em que foram realizados os testes,
sendo que nao existe uma condigdo padréo para medida da atividade de fitase, o
que dificulta a comparagdo da eficacia de fitases de diferentes fontes (SELLE e
RAVINDRAN, 2006).

O método de determinacéo da atividade da fitase é utiliza a hidrélise
do fosfato inorganico e reacdo de cor medida por espectofotometria. As
determinagdes colorimétricas baseiam-se principalmente na reducdo de um
complexo fosfomolibdato por sulfato ferroso ou acido ascoérbico produzindo um
complexo com molibdénio de coloragédo azul (ENGELEN, et al., 1994). Outro método
utilizado é o do acido ascérbico de Fiske e Subbarow (1925), com adaptagdes para
determinagao da atividade de fitase (HEINONEN e LAHTI, 1981; SEGUEILHA et al.,
1992; LAMBRECHTS et al., 1993 e 1992; BINDU et al.,, 1998; BAE et al., 1999;
CASEY e WALSH, 2004; VATS e BANERJEE, 2006; SINGH e SATYANARAYANA,
2006).

As fitases obtidas de grdos apresentam maior atividade quando
estdo associadas com a aleurona e em menor extensdo com o endosperma e
escutelo. As fitases de cereais apresentam atividades variadsa em relagao ao tipo de
processamento do cereal, sendo que a maior atividade foi descrita nas fitases
obtidas do centeio e a menor atividade no trigo, aveia e milho. As atividades da
fitase pode apresentar variagdo conforme variedades e estagdo do ano (EKLUND-
JONSSON et al., 2006), e aumenta consideravelmente com a germinacao
(AGOSTINI, et al., 2010) porém, com grandes diferencas entre os diferentes cereais,
podendo sua atividade ser aumentada de 4,5, 2,5 e 9,0 vezes na trigo, centeio e
aveia, respectivamente (BARTNIK e SZAFRANSKA, 1987). A ativacédo da fitase

enddgena de cereais reduz substancialmente o conteudo de fitato.
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A maioria das fitases isoladas é ativa dentro da faixa de pH 4,5 —
6,0. As fitases podem ser classificadas de acordo com o pH 6étimo de atividade,
podendo agir em pH em torno de 5,0 (acidas) ou ainda em torno de 8,0 (alcalinas). A
estabilidade de enzimas de plantas decresce drasticamente em valor de pH abaixo
de 4 ou maior do que 7,5, enquanto que a maioria das fitases de origem microbiana
conserva a atividade a valor de pH abaixo de 3,0 e acima de 8,0 (KONIETZNY e
GREINER, 2002). Essa grande diferengca em seus valores de pH o6timo pode ser
parcialmente ou totalmente refletida na variacdo da estrutura molecular ou
especificidade da enzima dependendo da fonte (POINTILLART, 1997).

As fitases geralmente apresentam massa molecular entre 40 e 100
kDa e temperatura otima de atividade na faixa de 45 — 60°C (PANDEY et al., 2001).
A maioria das enzimas de plantas é inativada irreversivelmente em temperatura
superior a 70°C, enquanto que as microbianas retém atividade significativa apos
periodos prolongados de incubagao (KONIETZNY e GREINER, 2002). As fitases
isoladas de fungos sao relatadas como resistentes a altas temperaturas
(SEGUEILHA et al., 1992).

A adicao de fitase a racdes ricas em acido fitico pode aumentar a
digestibilidade dos minerais (POINTILLART, 1997; FIREMAN e FIREMAN, 1998),
melhorar o desempenho dos animais alimentados, devido a disponibilidade de
fésforo em niveis adequados. As fitases também podem melhorar a utilizacdo de
outros nutrientes para aumentar a maior disponibilidade de minerais e melhorar
utilizacdo de proteinas, aminoacidos com o0 aumento de energia nos animais.
Segundo LEI e PORRES (2003), a utilizagdo da enzima pode reduzir a excregao

total de fosforo entre 30 a 50 %.

3.5 OXIDACAO LiPIDICA EM CARNES

A carne de frango é a carne mais consumida no Brasil, totalizando
em 2011, 47,40kg per capita (UBABEF, 2012), sendo, portanto, classificada como
alimento saudavel, de alto valor nutritivo (VENTURINI et al., 2007). Porém, é um
alimento altamente susceptivel a oxidacio lipidica em funcdo do elevado teor de
acidos graxos insaturados na sua composig¢ao (MARIUTTI e BRAGAGNOLO, 2009).

Os lipidios sado importantes componentes dos produtos carneos,

conferindo caracteristicas sensoriais desejaveis. Contudo, sado facilmente oxidaveis,
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levando a rancificagcdo com producédo de substancias indesejaveis e compromete a
validade e qualidade do produto final (OLIVO et al., 2006). Os lipidios de produtos
carneo sao constituidos de uma mistura de tri, di e monoacilglicerois, acidos graxos
livres, fosfolipidios, glicolipidios, esterdis e outras substancias lipossoluveis. Desses
constituintes, muitos sdo oxidaveis em diferentes graus, contudo os acidos graxos
insaturados séo os constituintes mais susceptiveis ao processo oxidativo (IGENE et
al., 1980).

A oxidacao lipidica pode ser acelerada pelo processamento da carne
e também na estocagem, corte e cozimento, os quais rompem as membranas
celulares do musculo, facilitando a interacdo dos acidos graxos insaturados com
substancias pro-oxidantes (PADILHA, 2007). A presenga de hemoglobina,
mioglobina, citocromo C, ferro ndo heme e metais de transi¢do acelaram a oxidagao
lipidica, e consequentemente € um fator limitante na qualidade e aceitabilidade de
carnes e produtos carneos (MORRISSEY et al., 1998; HUR et al., 2007; ARAUJO,
2008). O ferro e os demais metais de transicdo presentes na composi¢cdo podem
reagir com radicais livres formando o radical hidroxil (OH¢), altamente reativo. Esse
radical provoca danos em proteinas, acidos nucléicos e em outras biomoléculas e
retira o hidrogénio dos acidos graxos poliinsaturados (GRAF et al., 1987).

Assim, a oxidagcdo desses componentes, € uma das causas
primarias da deterioragdo da cor, textura e sabor da carne fresca, congelada ou
cozida (LIU et al.,, 1995). O processo de rancidez desencadeia substancias com
efeito potencialmente citotéxico, carcinogénico e mutagénico como o malonaldeido e
oxidos de colesterol, além da perda do valor nutricional devido a destruicdo de
vitaminas e acidos graxos essenciais (GRAY et al., 1996; MORRISSEY et al., 1998).
Outros produtos da oxidacgao lipidica que também podem ser originados sao as
cetonas, aldeidos, alcodis, hidrocarbonetos e acidos, os quais sao responsaveis pelo
odor e sabor caracteristico de rango (OLIVO et al., 2006). Os lipidios podem ser
oxidados de diferentes formas, em fungdo do meio e dos agentes catalisadores, os
mecanismos mais conhecidos sao a oxidacdo por enzimas, fotoxidacdo e
autoxidagao (St. ANGELO, 1996).

A oxidagdo por enzimas ocorre pela agdo das enzimas
lipoxigenases, as quais atuam sobre os acidos graxos poliinsaturados, catalisando a

adicao de oxigénio a cadeia hidrocarbonada poliinsaturada. Os produtos iniciais
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consistem de perdxidos e hidroperoxidos com duplas ligagdes conjugadas, que
podem envolver em diferentes reagdes degradativas (PERSON et al., 1977).

O mecanismo de fotoxidacdo de gorduras insaturadas é promovido
essencialmente pela radiacdo ultravioleta em presenca de clorofila, mioglobina,
riboflavina e outros que absorvem a energia luminosa de comprimento de onda na
faixa do visivel e a transferem para o oxigénio tripleto (*02), gerando o estado
singleto ('02). O oxigénio singleto reage diretamente com as ligacbes duplas
formando hidroperédxidos diferentes dos que se observam na auséncia de luz e de
sensibilizadores, e que por degradagdo posterior originam aldeidos, alcodis e
hidrocarbonetos (FERNANDEZ et al., 1997, ARAUJO, 2008).

Na oxidagdo em alimentos o mecanismo é a autoxidagdo, esta
associada a reagado de oxigénio com acidos graxos insaturados e ocorre em trés
etapas distintas: iniciagdo, propagagao e terminagao. A reagao inicial ocorre quando
o atomo de hidrogénio € removido do grupo metileno do acido graxo insaturado,
formando radical livre (St. ANGELO, 1996). Durante a propagacéao, os radicais livres
formados na etapa de iniciagdo s&o convertidos em outros radicais, formando o
radical peroxil, que sdo produtos primarios da oxidagao (peréxidos e hidroperdxidos)
(PERSON et al., 1977). Na etapa de terminagao, ocorre a interrupgao das reacodes
devido a redugdo de acidos graxos insaturados no sistema, fazendo com que os
radicais livres liguem-se entre si formando compostos estaveis (IGENE e PEARSON,
1979). Esses compostos formados sdo os produtos secundarios de oxidagéo,
obtidos por rearranjo e cisdo dos peréxidos (epoxidos, compostos volateis e néo
volateis), cuja natureza e propor¢gdo dependem de diversos fatores (GRAF e
EATON, 1990).

O fenbmeno oxidativo atinge principalmente os acidos graxos
polinsaturados, que sao componentes da estrutura da membrana de tecidos
biolégicos como a carne, com possibilidade efetiva de alterar a qualidade do produto
final quanto ao sabor. Em razdo da crescente preocupagao dos consumidores em
exigir uma dieta saudavel, é importante que ocorra a inibicdo da rancidez oxidativa.
Os processos empregados durante a elaboragado dos produtos carneos associados
ao elevado teor de acidos graxos insaturados e a presenga de mioglobina tornam as
carnes um alimento propicio a ocorréncia da rancidez (GRAY et al., 1996).

A estabilidade das carnes e derivados € um fator limitante na cadeia

produtiva de todos envolvidos, incluindo produtores, industrias, distribuidores e



29

consumidores. Inibir a oxidagdo da carne € uma alternativa para garantir atributos
como sabor, cor, textura e valor nutritivo. A estabilidade oxidativa da carne depende
do equilibrio entre antioxidante e composicdo dos substratos de oxidagao, incluindo
acidos graxos polinsaturados, colesterol, proteinas e pigmentos (MORRISSEY et al.,
1998).

Medidas de controle para a minimizagéo da oxidacéo lipidica devem
ser sempre aplicaveis, como a remog¢ao do oxigénio, inativagcdo das enzimas,
protecdo contra a luz e ions metalicos (BRUM, 2009) ou adi¢gdo de antioxidantes. A
interacdo entre antioxidantes pode contribuir na redugdo dos &acidos graxos. A
oxidagdo causada pelo oz6nio em produtos carneos foi inibida através do uso
antioxidantes (CHIATTONE, 2010).

Para minimizar a oxidacao lipidica de carnes, uma alternativa é a
suplementacdo das racdes animais com substancias antioxidantes que podem
proteger os musculos desta reacgdo. Diversos cereais possuem em sua Composi¢ao
componentes com propriedades antioxidantes. Dentre estes antioxidantes destaca-
se o acido fitico que encontra-se naturalmente presente nos vegetais (MINIHANE E
RIMBACH, 2002, AHN et al., 2003; AHN et al., 2004; POKORNY et al., 2005).

3.6 ANTIOXIDANTES

Os antioxidantes sdo um conjunto de substancias formadas por
vitaminas, minerais, pigmentos naturais, outros compostos vegetais e ainda enzimas
que bloqueiam o efeito danoso dos radicais livres (MESSIAS, 2009). Segundo o FDA
(Food and Drug Adminstration, EUA), os antioxidantes sdo substancias empregadas
para preservar alimentos, pois retardam a deterioracédo, rancidez ou descoloragao
devido a oxidagao. O efeito antioxidante consiste em inativar os radicais livres,
absorver oxigénio e quelar ions metalicos (St. ANGELO, 1996; ARAUJO, 2008). A
geragado de radicais livres produz danos aos acidos graxos insaturados devido a
formagdo dos radicais peroxidos e o oxigénio singleto. A atividade antioxidante
consiste em evitar a propagacao dos radicais perdxidos evitando continuidade da
reacao de oxidagao (COHEN et al., 2000).

Os antioxidantes sdo comumente usados para inibir, prevenir ou
retardar a deterioracdo pela oxidagao, podendo atuar na redugao dos radicais livres

(antioxidante primario) ou por um mecanismo que nao envolve a reducao direta dos
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radicais livres (antioxidante secundario). Os antioxidantes primarios, como o0s
compostos fendlicos, sdo consumidos durante a fase de iniciacdo. Os antioxidantes
secundarios atuam por uma variedade de mecanismos incluindo a ligagdo com ions
metalicos, a reducdo de oxigénio, a conversdo de hidroperoxidos a espécies nao
radicais, a absor¢do de radiacao ultravioleta ou a desativagdo do oxigénio singleto
(POKORNY et al., 2005).

Os antioxidantes sdo encontrados naturalmente nos alimentos ou
sao adicionadas intencionalmente para retardar a oxidacdo e manter suas
caracteristicas sensoriais. Os antioxidantes naturais, presentes em frutas e vegetais,
mostram evidéncias que podem atuar em beneficio da saude, com a atenuacgao de
doencgas cardiovasculares e a prevencgao do cancer (HUR, et al., 2007). Além disso,
podem ser mais efetivos no controle da oxidacédo lipidica nos alimentos. Nos
alimentos, os antioxidantes naturais tém capacidade de funcionar como inibidores de
radicais livres, como quelantes ou sequestrantes do oxigénio singleto, como agentes
redutores e como desativadores de metais pro-oxidantes (POKORNY et al., 2005).
Portanto, atualmente, tem se dado maior atencdo para o uso de antioxidantes
naturais em substituicio aos sintéticos, visto que estes estdo muitas vezes
relacionados a efeitos adversos a saude (HUR, et al., 2007). Os aspectos
toxicologicos dos antioxidantes tém sido discutido com controversos sobre a
segurancga dos aditivos de alimentos. Assim, a procura por antioxidantes naturais foi
impulsionado na década de 80 diante da comprovacdo de efeitos maléficos
causados por doses elevadas de BHT (hidroxi butil tolueno), BHA e TBHQ (t-
butilhidroquinona) sobre o peso do figado e pela proliferacdo do reticulo
endoplasmatico. Como consequéncia, énfase foi dada a identificagcdo e purificagao
de novos compostos com atividade antioxidante, provenientes de fontes naturais,
como alternativas para prevenir a deterioragdo oxidativa de alimentos e limitar o uso
dos antioxidantes sintéticos (CAMPOS, 1996).
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4 MATERIAL E METODOS

4.1 MATERIAL

4.1.1 Matéria-Prima

Foi utilizado como matéria-prima o farelo de arroz integral variedade
IRGA 417, safra (2008/2009) cultivada no municipio de Santo Antonio da Patrulha-
RS, fornecida pelo Instituto Riograndense de Arroz (IRGA). Este farelo de arroz
integral com elevado teor de acido fitico foi mantido a — 5°C até a utilizagao.

Foram utilizadas 260 aves da linhagem Cobb que foram confinadas
e abatidas na Fazenda Escola da Universidade Estadual de Londrina. Os peitos de

frango foram utilizadas para analise.

4.1.2 Reagentes

Foi utilizado como padréao o acido fitico de arroz com pureza > 90%
(P0109 -Sigma-Aldrich, St. Louis) e os demais reagentes foram de grau analitico de

diferentes procedéncias.

4.2 METODOS ANALITICOS

4.2.1 Processo de Extracdo da Fitase Enddgena do Farelo de Arroz Integral

A fitase enddgena foi obtida do farelo de arroz integral por meio da
extracdo em CaCl 2% na proporgéo de 1:10 (peso:volume), conforme descrigdo de
Lolas e Markakis (1877) e aplicando o delineamento composto central ortogonal. As
variaveis independentes investigadas foram pH (X1), temperatura em °C (X2), tempo
em min. (X3). A Tabela 1 apresenta a matriz do delineamento com dois blocos. A
Tabela 2 apresenta as variaveis independentes e seus respectivos niveis de
variagdo. Os ensaios foram conduzidos aleatoriamente em duplicata, dentro de cada
bloco. Conforme o delineamento, a extragdo da fitase enddgena de cada ensaio foi
realizada em incubadora tipo shaker com rotacdo de 1,78 x g. O material foi

centrifugado a 9000 x g por 30 min a 4 °C e assim obtido o extrato contendo a fitase
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endoégena bruta. A fungdo resposta investigada foi Y1= unidade de atividade de

-1
fitase g farelo de arroz integral.

Tabelal—- Delineamento Composto Central Ortogonal com as variaveis
independentes para o processo de extragdo da fitase enddgena do
farelo de arroz integral.

Variaveis independentes

Ensaios Blocos

pH °oc min
(X4) (X2) (X3)
1 1 -1 (4.,5) -1 (6) -1 (30)
2 1 -1 (4.5) 0 (10) 1(90)
3 1 -1 (4.5) 1(14) 0 (60)
4 1 0 (5,0) -1 (6) 1 (90)
5 1 0(5,0) 0 (10) 0 (60)
6 1 0(5,0) 0 (10) 0 (60)
7 1 0 (5,0) 1(14) -1(30)
8 1 1(5.5) -1 (6) 0 (60)
9 1 1(5.5) 0 (10) -1(30)
10 1 1(5.5) 1(14) 1(90)
11 2 -1,763(4,12) 0 (10) 0 (60)
12 2 1,763(5.88) 0 (10) 0 (60)
13 2 0 (5,0) -1,763 (2,9) 0 (60)
14 2 0 (5,0) 1,763(17,1) 0 (60)
15 2 0(5,0) 0 (10) -1,763(7,2)
16 2 0(5,0) 0 (10) 1,763(112,9)

Foi utilizado o programa STATISTICA 7.0 para analise da regressao
conforme o modelo da equacgao 1.
Y1= B0+ Bj+ B1X1+ B2X2+ B3X3+ B1X1 + B2X2 + B3X3 + B12X1 X2 + B13X1 X3 + B23X2 X3
t+e Equacéo 1
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Onde:

Y 1= funcao-resposta expressa como UA de fitase g_1 farelo de arroz integral; X1, X2
e X3= variaveis codificadas; B = coeficiente estimado para cada termo; [j=
coeficiente estimado do bloco para o modelo de superficie de resposta; e= residuo.
A partir do modelo proposto foi construida a superficie de resposta e
obtidas as condigdes 6timas de extracao da fitase enddgena. Para validar o modelo
proposto, foi realizados ensaios em ftriplicata nas condi¢gbes 6timas e comparado

com a resposta estimada pelo modelo.

Tabela 2 — Variaveis independentes e niveis de variagdo para o processo de
extracdo da fitase enddgena do farelo de arroz integral.

Variaveis Niveis

independentes -1,763 -1 0 + 1 + 1,763
pH(X1) -412 45 5,0 5,5 5,8
temperatura, °C ( Xz2) -2.9 6 10 14 17.1
tempo, min (X,) 7.2 30 60 90 112,9

4.2.2 Obtengao do Farelo de Arroz com Baixo Teor de Acido Fitico

Para a obtencgao do farelo de arroz com baixo teor de acido fitico foi
aplicado o delineamento Box-Behnkem para hidrolise do acido fitico. Para a hidrdlise
as variaveis independentes investigadas foram tempo em min (X4), temperatura de
incubacado em °C (X 5) e adigao de UA de atividade de fitase / g de farelo de arroz
integral (X6). A Tabela 3 apresenta a matriz do delineamento e a Tabela 4 apresenta
as variaveis independentes e seus respectivos niveis de variacdo. Os ensaios foram
conduzidos aleatoriamente em duplicata.

Conforme o delineamento, a hidrélise do farelo de arroz integral de
cada ensaio foi realizada em incubadora tipo shaker com rotagdo de 180rpm em
tampao acetato 0,6M em pH 5,3. O material foi secado em estufa a 60°C por 48h e

triturados em moinho de facas (30mesh). A funcao resposta investigada foi Y2= teor

-1
de acido fitico residual expresso em ug de acido fitico g farelo de arroz integral.
Foi utilizado o programa STATISTICA 7.0 para analise da regresséo

conforme modelo da equacéo 2.
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Y2= B0+ B4X4+ B5X5+ BEX6+ B4XA2+ B5X52+ B6X62+ B45X4 X5 + B46X4 X6 + B56X5 X6 +e
(Equacéo 2)

Onde:

Y2= fungéo-resposta expressa (ug de acido fitico residual / g farelo de arroz

integral); X4, X5 e X6 (variaveis codificadas); B (coeficientes estimado para o modelo

de superficie de resposta); e (residuo).

Tabela 3 - Delineamento Box-Behnkem com as variaveis independentes, para a
hidrdlise do acido fitico do farelo de arroz integral.

Variaveis independentes

Ensaios h °C UA*
X4 Xs X6
1 -1(12) -1 (40) 0(18)
2 1 (36) -1 (40) 0 (18)
3 -1(12) 1 (50) 0 (18)
4 1(36) 1(50) 0(18)
5 -1(12) 0 (45) -1(8)
6 1(36) 0 (45) -1(8)
7 -1(12) 0 (45) 1(30)
8 1 (36) 0 (45) 1(30)
9 0 (24) -1 (40) -1(8)
10 0 (24) 1 (50) -1(8)
11 0(24) -1 (40) 1(30)
12 0 (24) 1(50) 1(30)
13 0 (24) 0 (45) 0(18)

*atividade de fitase / g de farelo de arroz integral
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Tabela 4 — Variaveis independentes e niveis de variagao para a hidrolise do acido
fitico do farelo de arroz integral.

Niveis
Variaveis independentes
-1 0 + 1
h (X4) 12 24 36
°C (Xs) 40 45 50
UA™ (Xg) 6 18 30

*atividade de fitase / g de farelo de arroz integral

ApoOs examinar a superficie de resposta e obtidas as condi¢des
otimas experimentais de hidrolise do acido fitico do farelo de arroz integral, o modelo

proposto foi validado realizando ensaios em triplicata.

4.2.3 Determinagao da Atividade da Fitase Enddgena do Farelo de Arroz Integral

A atividade da fitase enddégena no extrato bruto foi determinada
seguindo a metodologia descrita por Lolas e Markakis (1977). Neste procedimento
foram utilizados 850 pL de tampéo acetato 0,6 M pH 5,3, 150 uL de fitato de sddio
de arroz 8 mM pH 5,3 (P0109 -Sigma-Aldrich) e 200 uL de extrato contendo a fitase
endogena bruta. A mistura foi incubada por 30 min em banho-maria a 50°C. Para
interromper a reacao, foram adicionados 300uL de acido tricloroacético 2,1 M. O
material foi centrifugado a 200 rpm por 10 min. A determinacéo do fésforo inorganico
(Pi) foi realizada a partir do sobrenadante conforme o método do molibdato de
amonio modificado por Heinonen e Lahti (1981). Uma unidade internacional (1UA)
de atividade da fitases foi definida como produgcdo de 1 umoL de Pi/min nas
condigdes do ensaio. O nivel de atividade da fitase (UA / g) foi definido como a

relacdo entre a atividade da enzima e quantidade em g de amostra.
4.2.4 Determinacdo do Teor de Acido Fitico
O teor de acido fitico residual do de farelo de arroz com baixo teor

de acido fitico foi quantificado conforme metodologia descrita por Latta e Eskin

(1980) e reacao entre o cloreto férrico e acido sulfosalicilico. Foi utilizado a resina



36

Dowex-AGX-4 conforme descrito por Ellis e Morris (1986). O teor de acido fitico foi

-1
expresso como ug de acido fitico residual g de farelo de arroz integral.
4.2.5 Analise Estatistica

A andlise de regressao e analise de variancia (ANOVA) foi realizada
com o programa STATISTICA versao 7.0 (Statsof, 2004). O teste t de Student foi
utilizado para determinar as diferencas entre as médias, e os resultados foram
expressos como média £ desvio padrao e considerados significativamente diferentes

quando p < 0,05.

4.2.6 Efeito da Adicao do Ingrediente de Farelo de Arroz Integral com Alto e Baixo

Teor de Acido Fitico na Dieta de Frangos de Corte
4.2.6.1 Aves e preparo das racoes

Foram utilizados 260 pintainhos machos de um dia da linhagem
Cobb que foram alimentados com dieta comercial até 36 dias. Na fase de
terminacéo, as aves foram divididas aleatoriamente em cinco tratamentos (n=52)
com quatro repeticbes com 13 aves por repeticdo, sendo que as dietas
compreenderam: controle comercial, FAI5 -adicao de 5% farelo de arroz integral,
FAI10-adicdo de 10% farelo de arroz integral, FBAF5 -adi¢cdo de 5% farelo de arroz
com baixo teor de acido fitico e FBAF10-adicdo de 10% farelo de arroz com baixo
teor de acido fitico. O peso médio das 13 aves de cada repetigdo foi de 2,181 kg +
0.955. Todas as racgbes preparadas foram isoproteicas e isoenergética. As
formulacdes foram preparadas de acordo com a demanda nutricional especifica para
esta fase conforme descrito na Tabela 5 (Rostagno et al., 2005). Agua e racdo foram
oferecidas ad libitum.

Foram retirados quatro frangos de cada repeticao, sendo que foram
escolhidas aves que apresentavam peso médio que foi de 2,626 kg £ 0,719. O abate
foi realizado na fazenda-escola da Universidade Estadual de Londrina utilizando
técnicas de abate comercial com insensibilizacdo elétrica, sangria, escaldagem,

evisceracao, toalette finale resfriamento em imersdo com H20 e gelo.
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4.2.6.2 Determinacao do acido fitico nas ragdes

O teor acido fitico das ragdes foi quantificado conforme descrito no
item 4.2.4.

4.2.6.3 Avaliacdo do desempenho das aves

As aves e as sobras de racado foram pesadas aos 36 e 42 dias de

criagdo. Foi avaliado o ganho de peso, o consumo de rag&o, conversao alimentar na

fase de terminacgao.
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Tabela5—- Composicao das dietas fornecidas aos frangos de corte na fase
de terminacgao.

Ingredientes Controle FAIS FAI10 FBAF5 FBAF10
Milho 69,44 63,94 58,44 64,27 59,01
Soja 25,52 24,93 24,33 24,86 24,22
Farelo de arroz integral 0 5,00 10,00 0 0
Qleo de soja 2,44 3,48 4,53 3,38 4,34
Calcario 0,64 0,68 0,72 0,95 1,19
Sal 0,42 0,42 0,42 042 0.42
Fosfato 0,88 0,81 0,74 0,38 0
DL- methionina 0,14 0,186 0,19 0,16 0.19
L- lysina 0,12 0,186 0,19 0,186 0,19
L- threcnina 0 0,02 0,04 0,02 0.04
Premix” 0,40 0,40 0,40 0,40 0.40
Total 100 100 100 100 100
Calculada
i@i{?ggjmemb‘“'iza"e' 3150 3150 3,150 3,150 3,150
Proteina bruta (%) 17,500 17,500 17,500 17,500 17,500
Metionina digestivel (%) 0,515 0,527 0,540 0,528 0.540
Met. + cist. digestivel (%) 0,651 0,651 0,651 0,651 0.651
Lisina digestivel (%) 0,892 0,892 0,892 0,892 0,892
Treonina digestivel (%) 0,588 0,580 0,580 0,580 0,580
Triptofano digestivel (%) 0,187 0,180 0,174 0,180 0,174
Calcio (%) 0,566 0,566 0,566 0,566 0,566
Sadio (%) 0,185 0,185 0,185 0,185 0,185
Fosforo disponivel (%) 0,264 0,264 0,284 0,264 0,264

Dietas consistiram de: controle comercial, FAI5 -adigao de 5% farelo de arroz integral com alto teor de
acido fitico, FAI10-adigdo de 10% farelo de arroz integral com alto teor de acido fitico, FBAF5 adigao
de 5% farelo de arroz com baixo teor de acido 1ﬁtico e FBAF10-adigég de 10% farelo de arroz1 com

baixo teor de élcido1 fitico. * vit. A 1000,000 SJI g , vit. D3 200,000 UI1 g , vit. K3 180,050 mg kg . vit

B1 149,858 mg kg , vit. B2 500,000 mg kg , vit. B6 249,975 mg kg , vit. B12 1250,000 mcg kg- , Vit
E 3500 000 Ul, pantotenato de célcio 1200,167 mg kg-1, niacina 70,000 mg kg-1, acido fo’Iico 70,000

mg kg , biotina 7 000 mg kg , colina 45000 000 mg kg , met|on|na 300000,125 mg kg zinco
12500 000 mg kg ferro 12500,000 mg kg , cobre 3000,000 mg kg manganesm 15000,000 mg kg
, iodo 250,067 mg kg selénio 56,250 mg kg cobalto 50,000 mg kg , antioxidante 1000,000 mg kg.
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O consumo de acido fitico pelas aves foi estimado considerando o
consumo de racao e quantidade de acido fitico presente em cada ragao no periodo
entre 36 e 42 dias.

4.2.7 Efeito do Ingrediente de Farelo de Arroz Sobre a Estabilidade da Carne de

Frango

O efeito das dietas FAI5, FAI10, FBAF5 e FBAF10 sobre a
estabilidade da carne de frango foi avaliada nos peitos de frango 24h postmortem

sob refrigeragao e 30, 60 e 90 dias de armazenamento a -18°C.

4.2.7.1 Medidas de cor e pH

O pH foi determinado por meio da incisdo de eletrodo em peito de
frango utilizando potencidmetro de contato (Modelo 205 — Testo). Apos 24h post
mortem avaliadas 20 amostras em triplicata conforme descrito por Olivo et al.,
(2001).

Para a determinacdo da cor foi utilizado colorimetro (Minolta —
CR400) co iluminante D65 e angulo de 10°. Os valores L*, a * e b * foram expressos
conforme o sistema de cor CIELAB . A medida foi realizada na superficie ventral sem
pele dos peitos de frangos 24h post mortem. Os valores de cor foram medidos em
seis locais diferentes da mesma amostra de cada tratamento (n=20) conforme Olivo
et al., (2001).

4.2.7.2 Oxidacgao lipidica

A oxidagéo lipidica foi determinada por meio da metodologia descrita
por Tarladgis et al. (1964) e modificado por Crackel et al. (1988), que consistiu em
determinar espectrofotometricamente a formagao do complexo de dois mols de acido
tiobarbiturico (TBA) com um mol de malonaldeido e outras substancias que reagiram
com o TBA, que resultou na formagao de compostos de coloragao vermelha. Para a
quantificacdo em triplicata foram utilizadas 10g de peito de frango 24h postmortem
sob refrigeracdo e de amostras de 30, 60 e 90 dias de armazenamento a -18°C.

Estas amostras foram submetidas a hidrolise com acido 38 cloridrico 4N. O destilado
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obtido foi submetido a reagcdo de cor com o TBA e posterior leitura em
espectrofotdbmetro a 530nm. A curva padrao foi elaborada com solucédo padrao de

1,1,3,3 Tetraetoxipropano.
4.2.7.3 Determinagdo do aroma de requentado

O aroma de requentado ou warmed-over flavor (WOF) foi
determinado com 10 gramas de peito de frango 24 h post mortem sob refrigeragéo e
de amostras de 30, 60 e 90 dias de armazenamento a -18°C. As amostras foram
embaladas a vacuo e cozidas em banho-maria por 35 min. a 85 = 5 °C, até
temperatura interna de 75 + 5 °C. As amostras foram acondicionadas sob
refrigeragao por 48 h, com posterior reaquecimento por 15min a 85 £ 5 °C segundo
Igene e Pearson (1979). A determinagdo prosseguiu seguindo a metodologia
descrita por Tarladgis et al. (1964) modificada por Crackel et al. (1988). O WOF foi

-1
determinado a partir do teor de TBARs (mg de malonaldeido.kg de amostra) que foi

quantificado conforme descrito no item 4.2.7.2.
4.2.8 Analise Estatistica

Para o tratamento das aves foi utilizado o delineamento
completamente casualizado envolvendo cinco tratamentos e quatro repeticbes por
tratamento considerando-se o peso médio das aves. Apds o abate, a amostra de
musculo pectoralis major foi dividida em parcelas subdivididas e foram codificadas
numericamente com dois digitos aleatérios. A analise estatistica foi realizada
utilizado o programa STATISTICA versao 7.0 (STATSOF, 2004). O teste de Tukey

foi utilizado para comparar as diferengas entre as médias dos tratamentos (p<0.05).
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5 RESULTADOS E DISCUSSAO

Os resultados obtidos estdo redigidos na forma de 2 artigos
cientificos, conforme segue. Durante o Doutoramento foram apresentados alguns

trabalhos em eventos cientificos que constam no Anexo.
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ARTIGO 1

OPTIMIZATION OF AN ENDOGENOUS PHYTASE EXTRACTION PROCESS AND
THE PRODUCTION OF AN INGREDIENT FROM WHOLE RICE BRAN WITH A
LOW PHYTIC ACID LEVEL
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THE PRODUCTION OF AN INGREDIENT FROM WHOLE RICE BRAN WITH A
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Submetido ao Food Chemistry e as normas para publicacdo estdo no Anexo.
Optimization of an endogenous phytase extraction process and the production
of an ingredient from whole rice bran with a low phytic acid level.
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acid level. The maximum extraction of endogenous phytase from whole rice bran was
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1 INTRODUCTION

Phytic acid (myo-inositol-1,2,3,4,5,6-hexakis dihydrogen phosphate)
or phytate can form insoluble complexes with important metals such as iron, zinc and
calcium and also binds to proteins, reducing their bioavailability or making absorption
difficult for humans and animals in particular minerals (Reddy, 2002). Phytic acid
inhibits some enzymes activity, such as pepsin, trypsin and a-amylase (Sebastian,
Touchburn & Chavez, 1998), with a consequential reduction of the solubility and
digestibility of substrates and the formation of insoluble complexes. Thus, phytic acid
was considered for many years to be an anti-nutritional compound (Schelemmer,
Frolich, Prieto, & Grases, 2009). However, by exhibiting an elevated chelating
capacity for polyvalent metal ions, phytic acid may act as an effective antioxidant.
These beneficial effects of phytic acid were shown in the prevention of diabetes (Lee,
Park, Chun, Cho, Cho, & Lillehoj, 2006), kidney stones (Saw, Chow, Rao, &
Kavanagh, 2007) and cancer (Vucenik & Shamsuddin, 2006) and as an antioxidant in
foods (Soares, Olivo, Shimokomaki, & Ida, 2004; Harbach, Costa, Soares, & Bridi,
2007; Filgueiras, Casagrande, Soares, Shimokomaki, & Ida, 2009).

Furthermore, phytic acid is the greatest phosphorus storage source
for seeds and pollen . In cereals, legumes or oilseeds, 70 to 80% of the phosphorus
is in phytate form in the seeds. However, in this form, the phosphorus is unavailable
to monogastric animals due to their lack of digestive phytases (Reddy, 2002). Thus,
phytic acid is considered an undesirable component for the diet of monogastric
animals, and therefore, commercial phytases are widely used in the production of
animal feeds to reduce phytic acid levels (Nair, Laflamme, & Duvnjak, 1991).

Phytase or myo-inositol hexaphosphate phosphohydrolase (EC
3.1.3.8) is an enzyme that possesses the capacity to hydrolyze the phosphate groups
of phytic acid and produce different isomers of inositol pentaphosphates, inositol and
inorganic phosphorus. Due to its specificity in relation to the position of the first
phosphoester to be hydrolyzed, both 3-phytase and 6-phytase exist (Konietzny &
Greiner, 2002). Phytases are present in plant sources, microbes and in certain
animal tissues. Phytases from cereal grains can be extracted under various
temperature and pH conditions and are stable at 55°C. The optimum conditions for
phytase activity and the hydrolysis of phytate present in the cereal concern the

accessibility between the enzyme and the substrate and the thermal difference
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between the phytase present in the cereal grain and the extracted endogenous
phytase (Bergman, Autio, & Sandberg, 2000). In the germination process, the
phytase activity from grains increases considerably and reduces the phytate level
(Agostini, Nogueira, & lda, 2010). Other types of procedures can also be used to
reduce or remove phytates, such as chemical or physical processing, genetic
manipulation of plants and enzymatic or non-enzymatic hydrolysis (Phillippy & Wyatt,
2001).

The addition of phytase to animal feed and the consequential
hydrolysis of phytic acid can increase the availability of inorganic phosphorus and
other minerals, and it also prevents the pollution of rivers or running water. The
addition of phytase increases the use of phosphorus, amino acids and energy and
can represent a significant savings in the final cost of the feed production. Generally,
the phytases that are naturally present in cereals are not sufficient to hydrolyze the
endogenous phytic acid of feeds containing these cereals. The addition of
commercial phytase in feeds rich in phytic acid improves the zootechnical
performance in monogastric animals (Lozano et al., 2011).

Rice bran is a by-product of rice processing, representing 8% of rice
in the husk, with high levels of insoluble fiber and considerable levels of
carbohydrates, proteins and lipids. It has low commercial value and it can be used as
an abundant raw material for oil extraction or the production of animal feed and
fertilizer. Due to its high fiber content, the bran is rarely used in human consumption.
However, rice bran contains approximately 7% phytic acid (Kasim & Edwards, 1998;
Canan et al.,, 2011), which compromises its nutritional value, and the phytic
phosphorus represents approximately 75.0% of the total phosphorus (Reddy, 2002).

Therefore, the aim of this study was to optimize the extraction of
endogenous phytase from rice bran by applying an orthogonal central composition
design and to produce a functional ingredient from whole rice bran with a low level of

phytic acid for food or animal feed with a Box-Behnken design.
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2 MATERIAL AND METHODS
2.1 WHOLE RICE BRAN

It was used a whole rice bran IRGA 417 cultivar harvested in the
2008/2009 and cultivated in the region of Santo Antonio da Patrulha-RS, Brazil. The
bran was kept in a refrigerated chamber at -5°C. Phytic acid from rice (P0109,
Sigma-Aldrich) was taken as the standard, and all of the other reagents were

analytical grade.

2.2 EXTRACTION PROCESS OF ENDOGENOUS PHYTASE FROM RICE BRAN

An orthogonal central composite design was applied according to the
mathematical model (Equation 1). The following independent variables were
investigated: X1 (pH), X2 (temperature in °C) and X3 (time in minutes) at five
variation levels, totaling 16 assays. To complete assays of the endogenous phytase
extraction process, a 1:10 whole rice bran proportion was maintained (weight:
volume) in a 2% CaCl2 solution according to Lolas & Markakis (1977). The X1
variable was equal to the pH of the CaCl2 solution and adjusted with an acetic acid
solution. The extraction was completed with agitation in a shaker incubator with
rotation at 1.78 x g and application of the X2 variable (temperature in °C) and X3
(extraction time in minutes) according to the experimental design (Table 1).
Subsequently, the material was centrifuged at 9000 x g for 30 min at 4°C, and the
crude phytase extract was obtained. The assays were conducted randomly in

duplicate within each block. The phytase activity of the crude extract was determined

as a function-response (Y1) expressed as endogenous phytase UA g_1 of whole rice

bran. For regression analysis and attainment of the surface response model, the

software STATISTICA 7.0 model was used (Statsof, 2004).

Y1= BO+ Bj+ B1x1+ B2x2+ B3x3+ B1x1 + B2x2 + B3x3 + B12x1 x2 + B13x1 x3 + B23x2 X3 +e
(Equation 1)

Where:

Y 1= function-response; x1, x2 and x3= codified variables; B = estimated coefficient

for each term; Bj= estimated block coefficient for the surface response model; e=

residual.
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After examining the surface response and the optimal experimental
conditions obtained, the proposed model was validated by performing the assays in

triplicate.
2.3 OBTAIN OF A WHOLE RICE BRAN INGREDIENT WITH A LOW PHYTIC ACID LEVEL

From the optimum conditions for the extraction process of
endogenous phytase from whole rice bran, a quantity of crude phytase extract was
prepared to obtain an ingredient with low phytic acid level. Thus, to produce the
ingredient, the hydrolysis of phytic acid from the whole rice bran was optimized with
the application of the Box-Behnken design, following the mathematical model
(Equation 2) with 12 assays and a repetition of the center point. The assays in
duplicate were completed randomly and utilized the 1:10 proportion (weight: volume)
of whole rice bran: 0.6 M, pH 5.3 sodium acetate buffer, agitated on a shaker
incubator with rotation at 1.5 x g. In this incubation, the following variables were

investigated: X4 (time in minutes), X5 (incubation temperature in °C) and X 6

-1
(addition of phytase UA g of whole rice bran). Table 2 shows the experimental

design matrix with variation levels, obtained response (Y2 = pg of residual phytic acid

-1 S

g of whole rice bran) for the dependent variable and estimated response (Y2). For
analysis of the regression and attainment of the surface response model,
STATISTICA 7.0 software was used (Statsof, 2004).

Y2= 0+ B4x4+ B5x5+ B6X6+ B4 x42+ B5x52+ 86x62+ B45x4 x5 + 346x4 x6 + F56x5 x6 +e
(Equation 2)
Where:
Y2= response-function; x4, x5 and x6 = codified variables; = coefficients estimated
for the surface response model; e= residual.
After examining the response surface and the optimal experimental
conditions of the ingredient with a low phytic acid level, the proposed model was

validated by completing the assays in triplicate.
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2.4 DETERMINATION OF THE ENDOGENOUS PHYTASE ACTIVITY

The methodology proposed by Lolas & Markakis (1977) was applied.
In this procedure, 850 pL of 0.6 M pH 5.3 sodium acetate buffer; 150 pyL of 8 mM pH
5.3 sodium phytate (P0109, Sigma-Aldrich), pH 5.3 and 200 uL crude phytase extract
were utilized and incubated for 30 min at 50°C, followed by centrifugation at 5.80 x g
for 10 min. The inorganic phosphorus level (Pi) was determined in the supernatant
using a modified ammonium molybdate method from Heinonen & Lahti (1981). It was

defined that one international unit of activity (1UA) of phytase produced 1 pmoL of Pi

-1 -1
min under the assay conditions. The phytase activity (UA g ) was defined as the

relationship between the enzyme’s activity unit and the amount of whole rice bran.
2.5 DETERMINATION OF THE PHYTIC ACID LEVEL

The methodology described by Latta & Eskin (1980) was used based
on the reaction between ferric chloride and sulfosalicylic acid and using Dowex-AGX-

4 resin as described by Ellis & Morris (1986). The phytic acid level was expressed as

-1
Mg of phytic acid g of whole rice bran.
2.6 STATISTICAL ANALYSIS

The regression analysis and analysis of variance (ANOVA) were
completed with STATISTICA software version 7.0 (Statsof, 2004). Student’s t-test
was used to determine the differences between the averages, and the results were
expressed as average = standard deviation and were considered significantly
different when p < 0.05.
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3 RESULTS AND DISCUSSION

3.1 OPTIMIZATION OF THE EXTRACTION PROCESS FOR ENDOGENOUS PHYTASE FROM RICE
BRAN

The effects of the variables on the obtained results and the response
estimated by the model (Y1) for the extraction process of endogenous phytase from
IRGA 417 whole rice bran are shown in Tables 1and 3. All of the dependent variables
had significant effects on the regression coefficients except for the linear interaction
between X1 (pH) and X3 (extraction in minutes) that were incorporated to the
residuals. The mathematical model was significant between blocks 1 and 2 (Table 3)
and the best conditions for the extraction process of endogenous phytase were
obtained in block 2. However, the model's lack of fit was also significant, but the
average square of the pure error was low (0.002482); therefore, we recommended
caution in using this model. The fact that the lack of fit was significant should not be
considered relevant when the average square of the pure error is low (Box & Draper,
1987); therefore, the total residuals from the model are decomposed in pure error

and lack of fit (Neto, Scarminio, & Bruns, 2003). The total determination coefficient

2
(R ) of 0.896 indicates that 89.64% of the experimental results adequately adjust to
the proposed model (Equation 3).

2 2
Y1 =0.0356 + 0.7168 + 0.0074 x1 + 0.0544x1 + 0.0216 x2 + 0.0350 x2 + 0.0053 x3

2
+0.0352x3 -0.0352x1.x2 + 0.0278x2.x3 (Equation 3).

From the Y1 function-response (expressed as UA of extracted

endogenous phytase g_1 of whole rice bran) and the proposed model, it was possible
to construct the response surface (Figure 1) and to evaluate the X1 (pH) and X2
(extraction temperature, °C) variables. In the conditions studi ed, the maximum
endogenous phytase extraction from the whole rice bran was Y1 = 0.936 + 0.019 UA
of phytase g-1 of whole rice bran, which occurred when the pH (X1) was 5.0, the
temperature (X2) was 17.1°C and the time (X3) was 60 min, corresponding to assay

14 (Table 1). Considering the orthogonality of the results, the maximum endogenous

R -1
phytase extraction from rice bran was estimated with Y1 = 1.360 UA of phytase g of

whole rice bran under the following extraction process conditions: (X1) pH of 4.12,
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(X2) at 17.1°C and (X3) 112.9 min. Among the cereals, rye showed greatest activity
-1 -1 -1

with 6.92 UA g , followed by triticale with 4.82 UA g , wheat with 3.08 U g , barley
-1 -1

with 1.83 UA g , rice with 0.19 UA g (Egli, Davidsson, Juillerat, Barclay, & Hurrell,

2002) and sunflower with 0.08 UA g-1 (Agostini et al., 2010). However, the
endogenous phytases from cereals exhibit different extraction conditions and specific
activities. In rice bran (Hayakawa, Toma, & lgaue, 1989) and barley (Greiner &
Konietzny, 2006), phytase was extracted at a temperature between 40°C and 50°C
and a pH between 4.5 and 6.0 with acetate buffer. The extraction process and
processing conditions of endogenous phytase from different grains present distinct
characteristics (Greiner, et al., 2006).

The optimum conditions of the process in which the maximum

. -1
endogenous phytase extraction occurred (Y1 = 1.360 UA g of whole rice bran; (X1)
pH 4.12, (X2) at 17.1°C and (X3) at 112.9 min) were experimentally reproduced in

triplicate, and the response obtained was Y1 = 1.290 £ 0.070 UA of phytase g-1 of
whole rice bran. The relative error was 5.14% in relation to the estimated response
by the model, and the comparison between the averages of the obtained and
estimated results did not show a significant difference by Student’s t-test (p<0.05).
Therefore, it confirms that the proposed model is valid and adequately describes the

optimization of the extraction process of endogenous phytase from whole rice bran.

3.2 PRODUCTION OF THE INGREDIENT FROM WHOLE RICE BRAN WITH A LOW PHYTIC ACID

LEVEL

The bran from whole rice is a residue generated by the traditional
processing of rice on a large scale and possesses elevated levels of phytic acid

compared to traditional whole rice (Kasim & Edwards, 1998). The average phytic acid

level of IRGA 417 whole rice bran was 72.40 +2.13 ug g-1, which is similar to the
levels described by Canan et al. (2011). The effects of the variables on the obtained
(Y2) and estimated (Y2) response-function from the model of phytic acid hydrolysis of
IRGA 417 whole rice bran and the production of ingredients are shown in Tables 2
and 4. The regression coefficients of all of the dependent variables exhibited

significant effects. However, the variables X5 (°C of hydrolysis) and X 6 (UA of
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-1
phytase g of whole rice bran) linear and the interaction between X4 (hydrolysis in h)
linear and X5 (°C of hydrolysis) quadratic, X 4 (hydrolysis in h) linear and X6 (UA of

-1
phytase g of whole rice bran) linear, X4 (hydrolysis in h) quadratic and X6 (UA of

-1
phytase g of whole rice bran) linear did not have a significant effect on the

-1
response-function (Y2) expressed as ug of residual phytic acid g of whole rice bran,

and they were therefore incorporated into the residuals. The total determination

2
coefficient (R) of 0.95916 indicates that 95.91% of the experimental results
adequately adjust to the proposed model (Equation 4).

N 2 2 2
Y2 =71.8351 -6.1663x4-13.3355x4 -10.5065x5 -32.8676x6 -14.8234 x4.x5

2
+12.7755x4 x5 -7.8565 x5.x6 (Equation 4)
From the function response (Y2) and the proposed model, it was

possible to construct a response surface (Figure 2) and evaluate the variables X4

-1
(hydrolysis in h) and X6 (UA of phytase g of whole rice bran). The maximum
hydrolysis of phytic acid from the rice bran was 84.79%, which occurred when the
hydrolysis was performed for 36 h (X4) with incubation at 40°C (X 5) and using 30

UA of endogenous phytase g_1 of whole rice bran (X6). The hydrolysis of 80% of the
phytic acid from hydrated rice bran at pH 5.1 and at 55°C for 24 h, with the addition of
endogenous phytase, was found by Tangendjaja, Buckle, & Wooton (1981). The
hydrolysis of phytic acid at pH 3.5 was more effective in brown rice and rice bran than
at a fixed pH of 5.3 (Liang, Han, Nout, & Hamer, 2009). The best phytase activation
conditions for the hydrolysis of phytate from green barley grains occurred at pH 5.2
and 47°C (Luers & Silbereisen, 1927). However, the addition of fungal phytase in an
acid media hydrolyzed 92% of the phytic acid in rice bran (Liang et al. 2009), and
according to Konietzny & Greiner (2002), the optimal pH of activity for this enzyme
was between 2.5 and 5.0 with an optimum temperature of 58°C. Nevertheless, it was
found that the differences between the optimum conditions for phytase activity and
the optimum conditions for phytase hydrolysis in cereal lie in the accessibility and the
thermal difference of the enzyme and substrate (Bergman, et al., 2000).

The proposed model was validated through the completion of the

assays in triplicate under the same process conditions in which the maximum phytic

. -1
acid hydrolysis occurred, which is Y2 = 10.43 pg phytic acid g of rice bran with X4=
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-1
36 h of hydrolysis, X5 = 40°C of incubation and X6 = 30 UA of phytase g of whole

rice bran. The response from the assay (Y2 = 11.02 + 0.90 pg of phytic acid g_1 of rice
bran) was compared with the estimated value (Y2), and Student’s t-test (p<0.05)
showed no significant difference between the averages and the relative error of
5.65%. Therefore, these results confirm the validity of the proposed model and
indicate that the obtained data were adequately adjusted to explain the phytic acid
hydrolysis process of whole rice bran, thus producing a functional ingredient with a

low phytic acid level that could be utilized for food or animal feed production.
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4 CONCLUSIONS

From an orthogonal central composite design, it was possible to
optimize the extraction process of endogenous phytase from rice bran with 0.936 UA
of phytase g-1 of whole rice bran. Using the Box-Behnken design, it was possible to
produce an ingredient from whole rice bran with 84.79% hydrolysis of phytic acid and

1:10 proportion conditions (whole rice bran: 0.6 M sodium acetate buffer) at pH 5.3

-1
with the addition of 30 UA endogenous phytase g of whole rice bran and incubation
at 40°C for 36 h.
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Figure captions

Figure 1 — Response surface for the Y1 response-function for the extraction of
endogenous phytase from whole rice bran as a function of X1 (pH). X2
varies (°C) with the X3 variable fixed at 112.9 min.
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Figure 2 —
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Response surface of the Y2 -response function of the phytic acid
hydrolysis process of whole rice bran as a functlon of the X4 (hours of

hydrolysis) and X6 variables (phytase activity U g of whole rice bran)
with the X5 variable fixed at 40°C.
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Table 1 — Orthogonal

Central

Composite Design with

69

independent A variables,
experimental responses (Y1) and the estimated responses (Y1) for the
extraction process of endogenous phytase from the IRGA 417 whole rice

bran.
_ Endogjenous phy_‘tase
Assays Blocks Independent Variables UA g of whale rice
bran
X, X3z X3 i
pH temperature l|me in Y Y
(°C) minutes

1 1 -1(4.5) -1(6) -1 (30) 0.776+0.001 0.759
2 1 -1(4.5) 0 (10) 1(90) 0.743+0.024 0778
3 1 -1(4.5) 1(14) 0 (60) 0.799+0.005 0.820
4 1 0(5.0) -1(6) 1(90) 0.737+0.008 0.710
5 1 0(5.0) 0 (10) 0 (60) 0.679+0.023 0681
6 1 0(5.0) 0 (10) 0 (60) 0.682+0.006 0.681
7 1 0(5.0) 1(14) -1 (30) 0.715+0.006 0.743
8 1 1(5.5) -1 (6) 0 (80) 081240006 0792
g 1 1(5.5) 0 (10) -1 (30) 0.818+0.004 0.783
10 1 1(5.5) 1(14) 1 (90) 0.811+0.014 0828
11 2 -1.763(4.12) 0(10) 0 (60) 0.931+0.006 0.909
12 2 1.763(5.88) 0 (10) 0 (60) 0.912+0.002 0935
13 2 0(5.0) -1.763 (2.9) 0 (60) 0.786+0.008 0.823
14 2 0(5.0) 1.763(17.1) 0 (80) 0.936+0.019 0.899
15 2 0(5.0) 0 (10) -1.763(7.2) 0847+0.019 0862
16 2 0(5.0) 0 (10) 1.763(112.9) 0.894:0.002 0.881

* {(means + standard deviation) (n=2). ** Estimated response.
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Table 2 — Box-Behnken design with independent variables, experimental responses
(Y2) and estimated responses (Y2) for phytic acid hydrolysis of the IRGA

417 whole rice bran.

Independent Vanables

pg of residual phytic acid
_g" of whole rice bran

X
Assays Xa Xs 5 i
(hof (°C of ‘:FL’Jh;T?i‘? ety Yo 7,
hydralysis) hydrolysis) rice bran)

1 1(12) 1 (40) 0(18) 23,5544 24 523-5
2 1(36) 1 (40) 0(18) 37 4549 .92 e
3 -1(12) 1(50) 0(18) 83.1720 45 g
427

4 1(36) 1(50) 0(18) 42 79+4 41 6
5 1(12) 0 (45) -1 (6) 37.89+8.38 93?-8
6 1(36) 0 (45) 1(6) 21 52411 82 121'5
7 1(12) 0 (45) 1(30) 20.70£10.82 2
8 1(36) 0 (45) 1(30) 12415281 e
9 0 (24) 1 (40) 1(6) 14.85+8.26 o0
10 0 (24) 1(50) -1 (6) 2999415 69 929-9
11 0(24) -1(40) 1(30) 32 64:0.44 432'5
12 0 (24) 1(50) 1(30) 21 36+2 38 521'3
13 0(24) 0(45) 0(18) 7183+10.19 ,

*(means * standard dewviation) (n=2). ** Estimated responses.
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Table 3 — ANOVA for the estimate of the Y1 function-response for the extraction of
endogenous phytase from IRGA 417 whole rice bran.

Dependent Variable DF' 5Q? F
Block 1 0.021231 0.000000"
(}(1 pH (L) 1 0.001330 0.007380"
(X1)pH (Q) 1 0.037522 0.000000"
(X2) temperature (L) 1 0.011448 0.000000"
(X2) temperature (Q) 1 0.015481 0.000000"
(X3) time (L) 1 0.000683 0.045121"
(X3) time (Q) 1 0.018424 0.000000"
(X1)L x( X2)L 1 0.005967 0.000007*
(X1)L x( X3)L 1 0.000248 0.209959
(X2)L x( X3)L 1 0.003722 0.000099"
Lack of Fit 4 0.019077 0.000000"
Pure Error 17 0.002482
Total 31 0.208582

% explained variation(R") =

89.64 '=Degrees of freedom;

= sum of squares,;

* p=0.05.

Table 4 — ANOVA test for estimating phytic acid hydrolysis in a whole rice bran
model.
Dependent Variable F’ sQ? F

(X4) time (L) 1 457 .58 13.1471"
(X,) time (Q) o e 32.7010"
(Xs5) temperature (L) 1 1658.21 47 .6433"
(Xs) temperature (Q) 1 706 .47 20.2981"
(Xs)enzyme concentration (L 1 341.08 9.7998"
(Xg)enzyme concentration (Q) 1 6913.79 198.6459"
(Xq)L x( Xs)L 1 1757.86 50.5064"
(Xa)L x( X5)Q 1 2.52 0.0724
(X4)Q x({ Xs5)L 1 652.86 18.7578"
(Xa)L x( Xs)L 1 1.84 0.0529
(X4)Q x( Xg)L 1 104.53 3.0032
(Xs)L x( Xs)L 1 493.79 14.1876"
Pure error 5 522.07

Total 7 12??8 23

% explained variation{RJg =9591%
= Degrees of Freedom;

= sum of squares:

* p=0.05
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HIGHLIGHTS

Experimental design was used to optimize the extraction of
endogenous phytase from whole rice bran.

Box-behnken design was used to produce an ingredient from whole
rice bran with 84 % less phytic acid.

Maximum extraction of endougenous phytase from whole rice bran
was of pH 4.12, 17.1°C and 112.9 min.

Whole rice bran with less phytic acid was produced with addition of

endogenous phytase extract.
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ARTIGO 2

DIETARY WHOLE RICE BRAN CONTAINING PHYTIC ACID PREVENTS
CHICKEN MEAT LIPID OXIDATION WHILE MAINTAINING NORMAL ANIMAL
PERFORMANCE.

Cleusa. |I. Weber, Alexandre Oba, Adriana L. Soares, Massami Shimokomaki,
Elza I. Ida

SERA SUBMETIDO AO FOOD CHEMISTRY E AS NORMAS PARA PUBLICACAO
ESTAO NO ANEXO.
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DIETARY WHOLE RICE BRAN CONTAINING PHYTIC ACID PREVENTS
CHICKEN MEAT LIPID OXIDATION WHILE MAINTAINING NORMAL ANIMAL
PERFORMANCE.

a
Cleusa. |. Weber?, Alexandre Obab, Adriana L. Soares , Massami Shimokomaki Cd,

Elza I. Ida ®

This study was carried in the laboratories from the Department of

Food Science and Technology on the Londrina State University.

ABSTRACT

The effects of a dietary whole rice bran (WRB) containing phytic acid and of a dietary
low phytic acid whole rice bran (LPA-WRB) on broiler chicken performance
parameters on the breast meat (pectoralis major) lipid oxidation stability and warmed-
over flavour (WOF) development were investigated. One-day-old Cobb broiler

chi(t:hkens (n=260) were fed a commercial diet for 36 days. During the finish period

n

(36 to 42 day) the chickens were divided into five treatment groups: a commercial
control diet, a 5% or 10% whole rice bran (WRB) diet, and a 5% or 10% whole rice
bran with low phytic acid (LPA-WRB) content diet. The animals were sacrificed at an
average weight of 2.626 + 0.719 kg; breast meat samples were analysed for pH,
colour attributes and lipid oxidation after 24 h post mortem and kept at 4 + 1°C and
during 30, 60 or 90 days at -18°C. Broiler chicken fed diets containing up to 10%
WRB or LPA-WRB were not significantly different (p >0.05) in growth performance.
There were no significant differences (p > 0.05) in pH and colour attributes in the
breast meat stored for 24 h postmortem. The addition of 5 or 10% WRB to the broiler
chickens’ diet inhibited lipid oxidation and the development of warmed-over flavour.

Key —words:  Phytic acid. Broiler chicken. Warmed-over flavor. Colour attributes.

Phytase.
1 INTRODUCTION

Rice bran, which is 8% of the whole rice, is a by-product high in

insoluble fibre and contains a considerable amount of carbohydrates, proteins and
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lipids (Lacerda, Soares Junior, Bassinello, Silva-Loba, Campos & Siqueira, 2010).
Due to its high fibre content, bran is rarely used in human and animal consumption.
Rice bran contains approximately 7.0% phytic acid (Kasim & Edwards, 1998, Canan
et al., 2011); phytic phosphorus represents approximately 75.0% of the total
phosphorus (Reddy, 2002). Phytic acid (inositol hexaphosphate) is present in cereals
and legumes at a concentration of 1-5% on a weight basis (Empson, Theodore &
Graf, 1991). In animal nutrition, phytic acid is considered to be an undesirable
component in the diet of monogastric animals (Nair, Laflamme & Duvnjak, 1991). The
antinutritional effect of phytic acid is caused by the low bioavailability of minerals
(Seynaeve, Janssen, Hesta, Van Nevel & De Wilde, 2000). However, its
antinutritional effect depends on the relative proportion of phytate to metal ions and
other dietary components (Graf & Eaton, 1990; Febles, Arias, Hardisson, Rodriguez-
Alvarez & Sierra, 2002). Harbach, et al. (2007) demonstrated that the high phytic acid
content in dietary defatted corn germ meal, provided during the terminal phase, did
not cause any nutritional hazard and inhibited meat lipid oxidation in pigs.

The strong chelating properties of phytic acid are due to its ability to
inhibit the formation of hydroxyl radicals, making the compound an effective
antioxidant, and to form chelates with iron ions, making them catalytically inactive
(Graf & Eaton, 1990). This effect of phytic acid was proven to be beneficial in the
treatment of diabetes (Lee, Park, Chun, Cho, Cho, & Lillehoj, 2006), kidney stones
(Saw, Chow, Rao, & Kavanagh, 2007) and cancer (Vucenik & Shamsuddin, 2006)
and in the prevention of food oxidation (Soares, Olivo, Shimokomaki & Ida, 2004;
Pokorny, Yanishlieva & Gordon, 2005; Harbach et al., 2007; Filgueiras, Casagrande,
Soares, Shimokomaki & Ida, 2009).

Phytic acid as an antioxidant in meat products has been described by
Lee, Hendricks & Conforth (1998) and Soares et al. (2004); its effect on lipid
oxidation inhibition in meat has been confirmed by Lee et al (1998) and Morrissey,
Sheehy, Galvin, Kerry, & Buckley (1998). Chicken meat is highly susceptible to lipid
oxidation due to its high content of unsaturated fatty acids in its composition (Igene &
Pearson 1979). Lipid oxidation leads to deterioration in flavour and to the production
of potentially toxic substances, and it is a limiting factor in the stability of stored meat.

Heating meat, followed by low temperature storage, always results in
the development of warmed-over flavour (WOF) (Tims & Watts, 1958).
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The aims of this study were to investigate the effect of the addition of
whole rice bran and low phytic acid whole rice bran to broiler chickens diets, which
were provided during the finish period, on animal growth performance and to

evaluate the pH, colour attributes and stability of lipid oxidation in chicken breasts.
2 MATERIALS AND METHODS
2.1 BROILER CHICKENS AND DIETS

One-day-old Cobb broiler chickens (n=260), which were purchased
from a local commercial hatchery, were fed a commercial diet for 36 days. During the
finish period, they were randomly divided into five treatment groups (n=52) with four
repetitions (n=13) each: a control commercial diet, a 5% whole rice bran (WRB-5)
diet, a 10% whole rice bran (WRB-10) diet, a 5% low phytic acid whole rice bran
(LPA-WRB-5) diet and a 10% low phytic acid whole rice bran (LPA-WRB-10) diet.
The initial average weight of the broiler chickens was 2.181 £ 0.955 g. All of the
prepared diets were isoproteic and isoenergetic, and the feeds were formulated
according to the animal nutritional demand specifically related to this particular
phase, as described in Table 1 (Rostagno et al. 2005). Broilers were given ad libitum
access to feed and water. Four chickens of each repetition were slaughtered at an
average weight of 2.626 * 0.719 g using commercially techniques consisting
essentially of electrical stunning, slaughtering, scalding, evisceration, final cleaning

and chilled in ice water.
2.2 Low PHYTIC AcID WHOLE RICE BRAN

The following ingredients were used in the preparation of the rations:
WRB and a WRB with a low phytic acid level (LPA-WRB). The phytic acid contents of

-1
WRB and of the LPA-WRB were 7.24 g phytic acid 100 g and 1.10 g phytic acid 100

-1
g , respectively. The preparation of the LPA-WRB diet consisted of mixing the whole

rice bran with 0.6 M sodium acetate buffer at pH 5.3 in a 1:10 proportion and adding
endogenous phytase at a ratio of 30 UA endogenous phytase per gram of whole rice

bran. The mixture was then incubated at 40°C for 36 h. The resulting whole rice bran,
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which had 84.79% hydrolysis of phytic acid, constituted the LPA-WRB used in this

experiment.
2.3 PHYTIC ACID DETERMINATION

Phytic acid was determined in the WRB, the LPA-WRB and other
rations according to the methodology described by Latta & Eskin (1980), which is
based on the reaction between ferric chloride and sulfosalicylic acid, and using

Dowex-AGX-4 resin as described by Ellis and Morris (1986). The phytic acid content

-1
was expressed as g of phytic acid g of samples.

2.4 ANIMAL PERFORMANCE

Weight gain, feed consumption and feed conversion were measured
at the starting and final experimental period. The consumption of phytic acid by the
broiler chickens was estimated by measuring the feed consumption during the

experimental period and the amount of phytic acid present in each diet.
2.5 EVALUATION OF THE EFFECT OF DIETS CONTAINING PPHYTIC ACID ON MEAT QUALITY

The effect of the WRB-5, WRB-10, LPA-WRB-5 and LPA-WRB-10

diets on meat quality was assessed under different storage conditions.

2.5.1 Colour and pH Measurement

The pH was measured by inserting the electrodes of a pH meter
system (Mettler—Toledo 345, Milano, ltaly) into the breast muscle. Determinations
were performed in triplicate on refrigerated samples, 24 h postmortem (n=20), from
each group as reported by Olivo, Soares, Ida, & Shimokomaki (2001).

Colour was determined by a Colorimeter (Konica Minolta-CR400, Japan), and
the values L*, a* and b* were determined by the CIELAB colour system. This
measurement was performed on the posterior surface of the intact skinless breast

muscles, which had been refrigerated 24 h postmortem. Colour values were
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measured for six different sites on the same sample from each group (n=20) (Olivo et
al. 2001).

2.5.2 LIPID OXIDATION MEASUREMENT

From each group, 20 samples were randomly taken and analysed 1
day post mortem at 4 + 1 °C and at 30, 60 and 90 days postmortem at -18°C. Lipid
oxidation was measured in duplicate with 10 g of the pectoralis major m. according to

the technique described by Tarladgis, Pearson & Dugan (1964).The results were

-1
expressed as mg of TBARS (thiobarbituric acid reactive substances) kg

2.5.3. Warmed-Over Flavour Development (WOF) Measurement

Pectoralis major m. samples stored for 1 day at 4 + 1°C and for 30,
60 and 90 days at -18°C were packed and cooked in a water bath to an internal
temperature of 75°C. Subsequently, the packaged samples were stored at 7 £ 1°C for
48 h. The samples in duplicate were re-heated in a water bath for 15 min at 85°C and
cooled to room temperature; the development of WOF was determined according to
the method described by Tarladgis et al. (1964).

2.6 STATISTICAL ANALYSES

The experiments were performed using a randomised block design
involving five treatments and four replications, taking into account the initial weight of
the animal.

The statistical analyses were performed using the STATISTICA
software package (version 7.0). The effect of the WRB and the LPA-WRB diets was
evaluated through a variance analysis. The Tukey test was applied for the

comparison of mean values among chicken diet treatments (p<0.05).

3 RESULTS AND DISCUSSION

3.1 PHYTIC ACID CONTENT IN DIETS AND AANIMAL GROWTH PERFORMANCE
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The phytic acid present in the control diet (Table 2) came from the
corn and soybean ingredients added to the formulation. The amounts of phytic acid in
the WRB-5 and WRB-10 diets were not significantly different; however, the phytic
acid amounts in these diets were 271.85% higher than those in the control diet,
suggesting that whole rice bran contains a high phytic acid content (approximately
7.24%) (Canan et al 2010). The phytic acid amounts in the LPA-WRB-5, LPA-WRB10
and control diets were not significantly different, but they differed in relation to the
WRB-5 and WRB-10 diets. It is noteworthy that the phytic acid hydrolysis in the
whole rice bran, in which endogenous phytase showed activity, was efficient in
reducing the phytic acid level in the LPA-WRB-5 and LPA-WRB-10 diets. The LPA-
WRB diet had a phytic acid reduction of approximately 92% in comparison to the
WRB diet.

The broiler chicken feed consumption from the five diets was not
significantly different (Table 3). During the finish period, the consumption of phytic
acid was 141.885 g and 143.683 g for the WRB-5 and WRB-10 diets, respectively.
Phytic acid consumption from the LPA-WRB-5 and LPA-WRB-10 diets was 9.812 g
and 9.339 g, respectively.

The broilers chickens assigned to the five treatments showed no
significant differences in weight gain, feed consumption and feed conversion
parameters (Table 3). Therefore, the WRB diets rich in phytic acid and the LPA-WRB
diets low in phytic acid content had no significant effects on the birds’ performance.
These results indicate that the high phytic acid consumption during the finish period
did not affect the chickens growth performance. In finish period, chickens requires
smaller amounts of minerals to the development (Rostagno et al. 2005). According to
Kasim & Edwards (1998), rice bran is rich in phytic acid, but its use in animal feed is
limited because of its high fibre content. One strategy used to incorporate rice bran in
animal feed is to use between 10 and 20% of whole rice bran (Schoulten, Teixeira,
Rodrigues, Freitas, Conte & Silva, 2003; Gallinger, Suarez, & lrazusta, 2004).

3.2 EVALUATION OF THE EFFECTS OF PHYTIC AACID — CONTAINING DIETS ON MEAT QUALITY
The WRB and WRB-LPA diets resulted in no significant difference in

the pH and colour attributes (L * and a* / b*) of the breast muscle (Table 4) after 24 h

post mortem at 4 £ 1°C. Perhaps colour differences were not perceived because
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colour oxidation began after 24 h of storage. The meat colour is mainly related to the
muscle fibres, and to the myoglobin and haemoglobin pigments in the blood.
Myoglobin and haemoglobin are associated with iron, which reacts with oxygen to
change the meat colour. The free radicals produced during lipid oxidation can affect
the pigments in the meat, resulting in pigment oxidation. During storage and light
exposure, heme iron is changed, promoting the oxidation of myoglobin, which causes

an alteration in meat colour (Mancini & Hunt, 2005). Phytic acid can alter the redox

3+
potential of the remaining ferric iron (Fe ), which is relatively inert. The iron in the

2+
ferrous form (Fe ) is more reactive and produces oxy radicals and lipid peroxides

(Empson et al. 1991; Filgueiras et al. 2009;).

The lipid oxidation among the samples stored for 1 day at 4°C, which
was measured by TBARS were not different (Table 5). However, there was a
54.50%, 40.00% and 33.00% inhibition in lipid oxidation with the addition of 5% or
10% WRB compared to the control diet (p<0.05) in samples stored at -18°C for 30,
60 and 90 days, respectively. The LPA-WRB diet did not inhibit lipid oxidation in
comparison to the control diet. These results show that phytic acid has an important
role in the inhibition of meat lipid oxidation by chelating minerals (Lee et al. 1998;
Soares et al. 2004) and by inhibiting hydroxyl radical production, which is mediated
by iron (Graf & Eaton 1990). It has been shown that phytic acid is a powerful
antioxidant and an economically viable option in the preservation of biological
materials that are sensitive to oxygen (Graf & Eaton 1990). This antioxidant inhibits
lipid peroxidation in chicken meat (Empson, et al., 1991; Soares et al. 2004), raw
pork meat (Harbarch et al. 2007). In cooked meat the effect was more pronounced
than in raw and in cooked beef homogenates more than pork (Stodolak, Starzynska,
Czysczon, & Zyla, 2007).

The WOF indicates the rapid development of oxidised flavour in
cooked meat upon subsequent heating (Watts, 1958). The WOF of breast meat
stored for 1 day at 4°C did not differ significantly among the treatments (Table 6).
However, the samples from broiler chickens fed LPA-WRB-5 or LPA-WRB-10 had
lower WOF values after being stored at -18°C for 30, 60 and 90 days. The addition of
5% or 10% of LPAWRB had similar effects on WOF as the control diet. These results

suggest that the presence of phytic acid inhibits the formation of WOF due to the

2+
formation of catalytically inactive iron chelates. The Fe ions catalyse the formation
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of WOF in meat; the ions are derived from the crushing and cooking processes,
which result in the partial destruction of myoglobin and the release of iron (Pearson,
Love, & Shortland, 1977). Because of its ability to chelate divalent ions, particularly
iron ions, phytic acid must be more effective in inhibiting WOF than other chelating

agents (Filgueiras et al. 2009).

4 CONCLUSION

The addition of 5 or 10% whole rice bran with high and low phytic
acid did not bring about any nutritional hazard in the poultry, during finish period.
However, the addition of 5 or 10% whole rice bran with high phytic acid inhibited lipid
oxidation and the development of WOF in chicken breasts stored at -18°C for 90

days.
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Table 1 — Composition of the diets fed to broiler chickens during the finish period

Ingredients Control WRB-5 WRB-10 LPA-WRB-5 LPA-WRB-10
Corn 69.44 53.94 58.44 64.27 59.01
Soybean 25.52 2493 24.33 24.86 2422
Whole rice bran 0 5.00 10.00 0 0
Low phytic acid rice bran 0 0 0 5.00 10.00
Soybean oil 244 348 453 338 434
Limestone 064 0.68 072 0.95 1.19
Salt 042 042 0.42 0.42 0.42
Phosphate 0.88 0.81 0.74 0.38 0
DL- methionine 014 0.16 0.19 0.16 019
L- lysine 012 016 019 0.16 019
L- threonine 0 0.02 0.04 0.02 0.04
Premix* 040 040 040 0.40 040
Total 100 100 100 100 100
Calculated

Metabolizable energy (kcal kg™) 3.150 3.150 3.150 3.150 3.150
Crude protein (%) 17.500 17.500 17.500 17.500 17.500
Methionine (%) 0515 0527 0.540 0528 0.540
Meth. + cystine(%) 0.651 0.651 0651 0.651 0.651
Digestible lysine (%) 0.892 0.892 0.892 0.892 0.892
Threonine (%) 0.588 0.580 0.580 0.580 0.580
Triptofano digestivel (%) 0.187 0.180 0174 0.180 0.174
Calcium (%) 0.566 0.566 0.566 0.566 0.566
Sodium (%) 0.185 0.185 0.185 0.185 0.185
Awvailable phasphorus (%) 0.264 0264 0284 0.264 0. 264

Diets consisted of WRB-5 = 5% whole rice bran; WRB-10 = 10% whole rice bran; LPA-WRB5 = 5%
whole rice bran ingredient with low phytic acid cont1ent; LPA-WRB-10 = 1(1)% whole rice bran ingre1dient

with low phytic acid1 content. * vit. A 1000,009 Ul g , vit. D3 200,000 EJI g, vit. K3 180,050 mg kg y vit.

B1 149,858 mg kg , vit. B2 500,000 mg kg , vit. B6 249,975 mg kg , vit. B12 1250,000 mcg kg , vit.
E 31500,000 Ul, calcium ?antothenate 1200,167 mg kg-1, niacin 70,000 mg kg-1, folic acid 70,000 mg

kg , bi9tin 7,000 mg kg , colin 415000,000 mg kg methion1ine 300000,125 mg kg , zinc 121500,000
mg kg , iron 112500,000 mg kg , coppe1r 3000,000 mg kg , rqanganese 15000,000 mg kg ,1iodine
250,067 mg kg , selenium 56,250 mg kg , cobalt 50,000 mg kg , antioxidants 1000,000 mg kg .
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Table 2 — Amount of phytic acid in the broiler chicken diets prepared with whole rice
bran (WRB) and low phytic acid whole rice bran (LPA-WRB).

Diets Amount of phytic acid

wet basis (g 100 g™")

Control 4.172° £ 0.308
WRB-5 14.174° £ 3.406
WRB-10 16.853 7% + 0.803
LPA-WRB-5 1.153° £ 0.017
LPA-WRB-10 1.224 " £ 0.009

* Mean values with different letters are significantly different (Tukey test,

p<0.05).

Table 3 — The effect of whole rice bran (WRB) and low phytic acid whole rice bran
(LPAWRB), which were added to the broiler chicken diet during the finish
period, on animal performance.

Weight gain Feed Feed
Treatments
(9) consumption (g) conversion
Control 402.56 % £ 41.51 813.85%+31.65 2.033"+0.171
WRE-5 501.28 % + 98.68 1001.03%+150.47  2.031°:0.351
WRE-10 497.95% £80.83 852.56% +66.85  1.729%:0.162
LPA-WRB-5 497.95° £80.83 851.79°260.53 1.805%10.113
LPA-WRB-10 369.23%+59.36 763.85%+98.69 2.082%:+0.203

? Mean values with different letters on the same column are significantly different
(Tukey test, p<0.05).
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Table 4 — The effect of whole rice bran (WRB) and low phytic acid whole rice bran
LPA-WRB), which were added to the broiler chicken diet during the finish
period, on the pH values and colour attributes of refrigerated breast meat.

Treatments pH L* a*/b*
Control 5.78°£0.104 53.746%+4.601 0.171°+0.094
WRB-5 5.80°£0.119 52.914%£3.843 0.219°+0.096
WRB-10 5.81°£0.148 52.578%+4.329 0.224%+0.097
LPA-WRB-5 5.85%0.171 53.502%+4.254 0.228%+0.122
LPA-WRB-10 5.82°£0.169 52.520%£3.244 0.199%+0.125

*» Mean values with different letters on the same column are significantly different
(Tukey test, p<0.05).

Table 5 — The effect of whole rice bran(WRB) and low phytic acid whole rice bran
(LAP-WRB), which were added to the broiler chicken diet during the finish
period, on lipid oxidation in breast meat stored for 1 day at 4°C and for 30,
60 or 90 days at -18°C.

Lipid oxidation (mg of TBARS kg™ of sample)

Treatments

1 day 30 days 60 days 90 days
Control 0.830%t0.076 2.193°+0.592 2.083°:0.316  2.324°:0.285
WRB-5 0.656%+0.100 0.848°:0.064 1.208%:0.346  1.531%:0.089
WRB-10 0.785%+0.182 1.111°£0.404 1.287°:0.221  1.540°:0.243
LPA-WRB-5  0.791%20.142 1.794°+0.091  1.720°:0093 1.994°+0.153
LPA-WRB-10  0.691%+0.093 2.604°+0.556 1.809°+0.198  2.059°:0.381

*® Mean values with different letters on the same column are significantly different

(Tukey test, p=0.05).
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Table 6 — The effect of whole rice bran (WRB) and low phytic acid whole rice bran
(LPA-WRB), which were added to the broiler chicken diet during the finish
period, on warmed-over flavour in breast meat stored for 1 day at 4°C and
for 30, 60 or 90 days at -18°C.

Warmed-over flavour (mg of TBARS kg ' of sample)

Treatments

1 day 30 days 60 days 90 days
Control 10.766°t3.414  10.221°:£1.587° 14.836°:2.932 22.428"+2.220
WRB-5 8.167°+1.975  9.4063*":1.117  14.790°:2.663 15.152%%1.741
WRB-10 9.559%+2 552 6.860°:0.862  10.807°:0.301 15.025°+2.001

LPA-WRB-5  8.859°:2.779 11.142°+ 1.847  13.651°+1.446 19.810°+5.264

LPA-WREB-
10.420%£2.761 14.68844.353 19.009°+1.026 21.892"+2.852

10

*®"Mean values with different letters on the same column are significantly different
(Tukey test, p<0.05).

HIGHLIGHTS

Whole rice bran in chicken diets inhibits lipid oxidation and warmed-over flavour
breast meat.
Whole rice bran and low phytic acid rice bran dietary not affect colour attributes in

breast meat.
Whole rice bran and low phytic acid rice bran dietary not affect chicken performance.
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6 CONCLUSAO

A partir do delineamento composto central ortogonal foi realizado o

processo de extragdo da fitase endégena com obtencédo de 0,936 UA de fitase g_1
farelo de arroz integral.

Utilizando o delineamento Box-Behnken com adicdo de 30 UA de
fitase endogena / g de farelo de arroz e incubagao a 40 °C por 36 h foi produzido um
ingrediente de farelo de arroz integral com redugéo de 84,79 % de acido fitico.

A adicdo de até 10 % dos ingredientes de farelo de arroz integral
com alto ou baixo teor de acido fitico na ragcdo dos frangos corte na fase de
terminacdo, ndo apresentou efeito significativo em relagdo ao ganho de peso,
consumo de ragdo e conversao alimentar, bem como no pH e atributos de cor de
peitos de frangos armazenados 24h post mortem.

A adicéo de 5 ou 10 % do ingrediente de farelo de arroz integral com
alto teor de acido fitico na dieta de frangos de corte na fase de terminacgao inibiu a
oxidagao lipidica e desenvolvimento de aroma de requentado de peitos de frangos
armazenados até 90 dias a -18 °C.

A adicao de 5 ou 10 % do ingrediente de farelo de arroz com baixo
teor de acido fitico na dieta de frangos de corte na fase de terminagao nao inibiu a
oxidagao lipidica e o desenvolvimento de aroma de requentado de peitos de frangos

armazenados a -18 °C por 90 dias.
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ANEXO A — Normas para publicacao

Food Chemistry

Guide for Authors

Types of paper

Original research papers; review articles; rapid communications; short
communications; viewpoints; letters to the Editor; book reviews. 1.Research papers -
original full-length research papers which have not been published previously, except
in a preliminary form, and should not exceed 7,500 words (including allowance for no
more than 6 tables and illustrations). 2.Review articles -will be accepted in areas of
topical interest, will normally focus on literature published over the previous five
years, and should not exceed 10,000 words (including allowance for no more than 6
tables and illustrations). 3.Rapid communications -an original research paper
reporting a major scientific result or finding with significant implications for the
research community, designated by the Editor.

4.Short communications -Short communications of up to 3000 words, describing work
that may be of a preliminary nature but which merits immediate publication.
5.Viewpoints -Authors may submit viewpoints of about 1200 words on any subject
covered by the Aims and Scope. 6.Letters to the Editor -Letters are published from
time to time on matters of topical interest. 7.Book reviews.

Page charges

This journal has no page charges.

Ethics in publishing

For information on Ethics in publishing and Ethical guidelines for journal publication

see http://lwww.elsevier.com/publishingethics and

http://www.elsevier.com/ethicalquidelines.

The work described in your article must have been carried out in accordance with
The Code of Ethics of the World Medical Association (Declaration of Helsinki) for
experiments involving humans

http://www.wma.net/en/30publications/10policies/b3/index.html ; EU Directive

2010/63/EU for animal experiments

http://ec.europa.eu/environment/chemicals/lab animals/leqislation en.htm.
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version. For color reproduction in print, you will receive information regarding
the costs from Elsevier after receipt of your accepted article. Please indicate
your preference for color: in print or on the Web only. For further information on the
preparation of electronic artwork, please see
http://www.elsevier.com/artworkinstructions. Please note: Because of technical
complications which can arise by converting color figures to 'gray scale' (for the
printed version should you not opt for color in print) please submit in addition usable
black and white versions of all the color illustrations.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached
to the figure. A caption should comprise a brief title (not on the figure itself) and a
description of the illustration. Keep text in the illustrations themselves to a minimum
but explain all symbols and abbreviations used.

Tables

Number tables consecutively in accordance with their appearance in the text. Place
footnotes to tables below the table body and indicate them with superscript lowercase
letters. Avoid vertical rules. Be sparing in the use of tables and ensure that the data
presented in tables do not duplicate results described elsewhere in the article.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference
list (and vice versa). Any references cited in the abstract must be given in full.
Unpublished results and personal communications are not recommended in the
reference list, but may be mentioned in the text. If these references are included in
the reference list they should follow the standard reference style of the journal and
should include a substitution of the publication date with either 'Unpublished results'
or 'Personal communication'. Citation of a reference as 'in press' implies that the item
has been accepted for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was
last accessed. Any further information, if known (DOI, author names, dates, reference
to a source publication, etc.), should also be given. Web references can be listed
separately (e.g., after the reference list) under a different heading if desired, or can
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be included in the reference list. Example: CTAHR (College of Tropical Agriculture
and Human Resources, University of Hawaii). Tea (Camellia sinensis) a New Crop
for Hawaii, 2007. URL http://www.ctahr.hawaii.edu/oc/freepubs/pdf/itea 04 07.pdf.
Accessed 14.02.11.

All publications cited in the text should be presented in a list of references following
the text of the manuscript. No more than 30 references should be cited in your
manuscript. In the text refer to the author's name (without initials) and year of
publication (e.g. "Steventon, Donald and Gladden (1994) studied the effects..." or
"...similar to values reported by others (Anderson, Douglas, Morrison & Weiping,
1990)..."). For 2-6 authors all authors are to be listed at first citation. At subsequent
citations use first author et al.. When there are more than 6 authors, first author et al.
should be used throughout the text. The list of references should be arranged
alphabetically by authors' names and should be as full as possible, listing all authors,
the full title of articles and journals, publisher and year. The manuscript should be
carefully checked to ensure that the spelling of authors' names and dates are exactly
the same in the text as in the reference list.

Reference style Text: Citations in the text should follow the referencing style used by
the American Psychological Association. You are referred to the Publication Manual
of the American Psychological Association, Sixth Edition, ISBN 978-1-4338-0561-5,
copies of which may be ordered from http://books.apa.org/books.cfm?id=4200067 or
APA Order Dept., P.O.B. 2710, Hyattsville, MD 20784, USA or APA, 3 Henrietta
Street, London, WC3E 8LU, UK. Details concerning this referencing style can also be
found at http://linguistics.byu.edu/faculty/henrichsenl/apa/apa01.html. List: references
should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must
be identified by the letters 'a’, 'b', 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication: Van der Geer, J., Hanraads, J. A. J., & Lupton, R.
A. (2010). The art of writing a scientific article. Journal of Scientific Communications,
163, 51-59. Reference to a book: Strunk, W., Jr., & White, E. B. (2000). The
elements of style. (4th ed.). New York: Longman, (Chapter 4). Reference to a chapter
in an edited book: Mettam, G. R., & Adams, L. B. (2009). How to prepare an
electronic version of your article. In B. S. Jones, & R. Z. Smith (Eds.), Introduction to
the electronic age (pp. 281-304). New York: E-Publishing Inc.

Supplementary data

Elsevier accepts electronic supplementary material to support and enhance your
scientific research. Supplementary files offer the author additional possibilities to
publish supporting applications, high-resolution images, background datasets, sound
clips and more. Supplementary files supplied will be published online alongside the
electronic version of your article in Elsevier Web products, including ScienceDirect:
http://www.sciencedirect.com. In order to ensure that your submitted material is
directly usable, please provide the data in one of our recommended file formats.
Authors should submit the material in electronic format together with the article and
supply a concise and descriptive caption for each file. For more detailed instructions
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please visit our artwork instruction pages at
http://www.elsevier.com/artworkinstructions.
Submission checklist

The following list will be useful during the final checking of an article prior to sending
it to the journal for review. Please consult this Guide for Authors for further details of
any item.

Ensure that the following items are present:
One author has been designated as the corresponding author with contact details:
. E-mail address

. Full postal address

. Telephone and fax numbers All necessary files have been uploaded, and
contain:

. Keywords

. All figure captions

. All tables (including title, description, footnotes) Further considerations

. Manuscript has been 'spell-checked' and 'grammar-checked'

. References are in the correct format for this journal

. All references mentioned in the Reference list are cited in the text, and vice
versa

. Permission has been obtained for use of copyrighted material from other
sources (including the Web)

. Color figures are clearly marked as being intended for color reproduction on

the Web (free of charge) and in print, or to be reproduced in color on the Web (free of
charge) and in black-and-white in print

. If only color on the Web is required, black-and-white versions of the figures are
also supplied for printing purposes For any further information please visit our
customer support site at http://support.elsevier.com.

Additional information

Abbreviations for units should follow the suggestions of the British Standards
publication BS 1991. The full stop should not be included in abbreviations, e.g. m
(not m.), ppm (not p.p.m.), % and /' should be used in preference to 'per cent' and
'per'. Where abbreviations are likely to cause ambiguity or may not be readily
understood by an international readership, units should be put in full. Current
recognised (IUPAC) chemical nomenclature should be used, although commonly
accepted trivial names may be used where there is no risk of ambiguity. The use of
proprietary names should be avoided. Papers essentially of an advertising nature will
not be accepted.
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ANEXO B — Trabalhos apresentados em eventos cientificos

WEBER, Cleusa Ines, OBA, Alexandre, SOARES, Adriana Lourenco,
SHIMOKOMAKI, Massami, IDA, Elza louko, Otimizagcdo da extracdo da fitase
endogena e da hidrolise do acido fitico do farelo de arroz integral In: XXII
Congresso Brasileiro de Ciéncia e Tecnologia de Alimentos, 2010, Salvador —
Bahia.

OTIMIZACAO DA EXTRACAO DA FITASE ENDOGENA E DA HIDROLISE DO
ACIDO FITICO DO FARELO DE ARROZ INTEGRAL

O &cido fitico (AF) esta distribuido de diferentes formas nos graos de muitos cereais,
leguminosas, oleaginosas, améndoas e esta associado com alguns componentes
especificos ou partes da semente. No beneficiamento tradicional do arroz, sao
gerados em torno de 10% de farelo, e este residuo apresenta boa fonte de energia,
sendo uma alternativa na producgao de ragdes. O farelo de arroz integral (FAI) possui
alto teor de AF, sendo, portanto considerado como fator indesejavel produgéo
animal, dificultando assim sua ampla utilizacdo em ragcdes. Contudo, o AF apresenta
importante fungdo antioxidante em alimentos e materiais biolégicos sensiveis ao
oxigénio. Esta investigagdo buscou estabelecer as melhores condigbes para a
extragdo da fitase endogena (FE) do farelo de arroz, e ainda estabelecer as
melhores condicdes para a hidrélise do AF presente no FAI utilizando a Fl extraida
para posterior produgcao de racdo de aves. A otimiza;%éo da extracdo da fitase foi

realizada por meio de planejamento experimental 3 , e as variaveis estudadas
foram, pH (4,5, 5,0 e 5,5), temperatura (4, 14 e 24°C) e tempo (30, 60 e 90min). Para
obtencdo das melhores condigdes de hidrélise do AF foi utilizado o planejamento
Box-Behnkem com trés variaveis, tempo (12, 24 e 36h) temperatura (40, 45 e 50°C)
e concentragcdo de Fitase (6, 18 e 30 mmol/g). A extracdo e obtencdo da FE foi
realizada em meio de CaCl2 2%, e a atividade da FE foi determinada e expressos
em m mol/g. A hidrélise do AF no FAI foi realizada em tamp&o acetato pH 5,3, e a
determinacdo do teor do AF residual nas amostras hidrolisadas foi realizada por
meio de cromatografia de troca ibnica seguido de espectrofotometria e os resultados
expressos em mg de AF/g de amostra. Para a extragao da FE, as variaveis tempo e
temperatura n&o apresentaram diferengas, e o pH 4,5 (p< 0,05) apresentou melhor
efeito. Para a extragRo da FE as melhores condif#kes foram, pH 4,5, tempo de 60 min
e temperatura de 14°C. Em relagcao a hidrolise do AF da FAI foi verificado que a
temperatura influenciou no teor da enzima adicionada e na interagao entre o tempo e
temperatura (p< 0,05). Assim sendo, a maxima hidrélise do AF presente no FAI foi
de 85% na temperatura de 40°C, tempo de 36h e 30mmol/g de FE. Estes resultados
serao uteis para aplicagao na ragao de aves e investigacao da agéo do AF na carne
de frango.

Palavras — chave: Fitase endégena de arroz. Farelo de arroz integral. Acido fitico.

WEBER, Cleusa Ines, IDA, Elza louko, OBA, A., SOARES, Adriana Lourenco,
SHIMOKOMAKI, Massami. Dietary whole rice bran containing phytic acid prevents
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chicken meat lipid oxidation In: 16th World Congress of Food Science and
Technology — IUF0ST, 2012, Foz do Iguagu -Parana. Aceito para apresentacéo.

Dietary whole rice bran containing phytic acid prevents chicken meat lipid

oxidation

1
Cleusa |. Weber?, Alexandre Oba?, Adriana L. Soares , Massami

1
Shimokomaki®**, Elza I. Ida

Phytic acid has a high chelating ability for polyvalent metal ions and has effective
antioxidant effect in foods systems. Rice bran contains about 7.0% of phytic acid and
therefore has great antioxidant potential. The aim of this work was to investigate the
effect of dietary of whole rice bran (WRB) and rice bran lower phytic acid contents
(LRB) on chicken meat quality. The broilers diet (n=260) were divided into five
treatments: Control treatment (CT), diet with addition of 5% WRB (WRB5), 10% WRB
(WRB10), 5% LRB (LRB 5) and with 10% LRB (LRB 10). The broilers received this
diet at the termination phase (7 days before slaughtering). 24h post mortem breast
meat (Pectoralis major) samples were analyzed for color (L*, a*, b*) and pH. Lipid
oxidation and warmed-over flavor (WOF) measured by thiobarbituric-acid-reactive
substances (TBARS) were evaluated after 1 day in samples stored at 4°C and 30, 60
and 90 days at -18°C. Tukey test was used to determine significant difference. Color
attributes and pH did not differ significantly (p<0.05) among treatments. There was no
difference for lipid oxidation among treatments at 4°C samples. However the rancidity
was inhibited about 60%, 42% and 33% with WRB5 and 49%, 38% and 33% with
WBR10 in comparison to the CT (p<0.05) in samples stored at -18°C for 30, 60 and
90 days, respectively. The WOF was lower in samples of WRB10 in comparison to
the other treatments (p<0.05). In conclusion, the dietary containing WRB prevents
lipid oxidation and WOF in poultry meat.
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PR, Brazil.
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