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RESUMO
Dissertagcdo de Mestrado
Programa de Pds-Graduacdo em Zootecnia
Universidade do Estado de Santa Catarina

RELACAO ENTRE A MIOPATIA WHITE STRIPING E O ESTRESSE

OXIDATIVO EM FILES DE PEITO DE FRANGOS DE CORTE
AUTOR: Gleidson Biasi Carvalho Salles
ORIENTADOR: Prof. Dr. Marcel Manente Boiago
Chapecd, 20 de julho de 2018

Resumo: A miopatia White Striping (WS) na carne de peito de frango é caracterizada pela
presenca de estrias brancas paralelas na mesma direcdo das fibras musculares e geralmente
ocorre nos musculos pectoralis major. A WS € causada por uma alta demanda de oxigénio e,
como resultado da reducdo de antioxidantes enddgenos, ocorre um aumento da formacao de
radicais livres. O principal objetivo do presente estudo foi avaliar o perfil bioquimico e
histol6gico da carne de peito de frango com diferentes niveis de WS. Um total de 1.500 frangos
de corte machos foram utilizados para o presente estudo, divididos em trés grupos: normal,
moderado (estria <1 mm) e severo (estria> 1 mm). Foram avaliadas a composi¢do quimica
(proteina bruta, porcentagem de lipideos, minerais e colageno total) e os padrbes bioquimicos
dos respectivos peitos como espécies reativas de oxigénio (ROS), substancias reativas ao acido
tiobarbitarico (TBARS) e atividade da glutationa peroxidase (GPx). Também foram reasildas
andlises histoldgicos. Os peitos classificados como severas apresentaram maiores porcentagens
de umidade, gordura e colageno, além de menor teor de proteina bruta. O perfil antioxidante
também foi afetado pela presenca dos WS, observou-se que a atividade da GPx foi menor nos
peitos com maior presenca de estrias e a oxidacdo lipidica também foi maior. Os peitos
classificados como severos também apresentaram menor area de fibra e didmetro quando
comparados aos normais.

Palavras-chave: Composicao quimica, didmetro de fibras, glutationa peroxidase, peroxidacéo.



ABSTRACT
Master's Dissertation
Programa de Pds-Graduagdo em Zootecnia
Universidade do Estado de Santa Catarina

RELATIONSHIP BETWEEN WHITE STRIPING MYOPATHIE AND

OXIDATIVE STRESS IN BROILER CHICKENS BREASTS
AUTHOR: Gleidson Biasi Carvalho Salles
ADVISER: Prof. Dr. Marcel Manente Boiago
Chapecd, 20 june 2018.

Abstract: White striping (WS) myopathy in chicken breast meat are characterized by presence
of parallel white striations in the same direction of the muscular fibers and usually occurs in
the major pectoral muscles. The WS is caused by a high demand for oxygen and as a result
from the reduction of endogenous antioxidants ocours an increase of free radical formation.
The main objective of the present study was to evaluate the biochemical and histological
profile of chicken breast meat with different WS levels. A total of 1,500 male broiler chickens
were used for the present study, divided into three groups: normal, moderate WS (striations <1
mm) and severe WS (striations > 1mm). It were evaluated the chemical composition (crude
protein, percentage of lipids, minerals and total collagen) and the biochemical patterns of the
respective breasts as lipid reactive oxygen species (ROS), thiobarbituric acid reactive
substances (TBARS) and glutathione activity. It was also evaluated the histological
examinations. Breasts classified as severe had higher percentages of moisture, fat and collagen,
as well as lower crude protein content. The antioxidant profile was also affected by the WS
presence. We observed that the GPx activity was lower in the breasts with higher streak
presences, where lipid oxidation was also higher. These breasts classified as severe also
presented smaller fiber area and diameter when compared to the normal ones.

Key-words: Chemical composition; fiber diameter; Glatatione peroxidase; peroxidation.
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1 CAPITULOI
REVISAO DE LITERATURA

1.1 Introdugéo

Dentro das atividades que fazem parte do agronegocio brasileiro, a avicultura tem
grande destaque, sendo que o Brasil € o maior exportador e segundo maior produtor de carne
de frango, com 13,05 milhdes de toneladas produzidas em 2017. A projecédo de producéo para
2018 é de 13,5 milhdes de toneladas (ABPA, 2017). As raz0es para este aumento da producéo,
exportacdo e consumo de carne sdo atribuidas a imagem de um produto saudavel, com alto
valor nutricional, aumento da disponibilidade de produtos processados e ao preco
relativamente baixo quando comparado a carne de outras espécies (PETRACCI, BIACHI E
CAVANI, 2009). Segundo a (ABPA, 2015), a carne de frango brasileira é a mais consumida
do mundo h& uma década, desde que assumiu a lideranca das exportagdes 2004.

Fatores como a globalizacdo, aumento da concorréncia e a exigéncia crescente dos
consumidores com relacdo a qualidade tém levado o setor avicola a investir cada vez mais no
sentido de otimizar a producdo (YANAGI JUNIOR, 2006). Diversas empresas especialistas
em melhoramento genético trabalham constantemente na selecdo de frangos de desde o final
da década de 40 (HAVESTEIN et al., 1994). Na década de 30, um frango com 105 dias de
idade pesava 1,5 kg e apresentava uma conversao alimentar de 3,5, diminuindo gradativamente
com o decorrer dos anos e alcancando 1,59 em 2009 (HAVERSON et al.,2003). Durante esse
processo evolutivo, notou-se que o aumento das fibras musculares em corte transversal esta
sendo superior aos tecidos conjuntivos endomisio e perimisio, sugerindo-se, assim, que a
selecédo para o rapido crescimento desenvolveu musculos que superam seus limites de suporte,
com consequente lesdo muscular (PETRACCI & CAVANNI, 2011).

Pesquisas relacionam o elevado desempenho com modificagdes histoldgicas e
bioquimicas do tecido muscular (BARBUT, 2008), ocorrendo um aumento na incidéncia de
miopatias (espontaneas ou geradas por estresse), em especial localizadas no muasculo do peito
(FERREIRA, 2014), como a miopatia. Com consequéncia das lesdes musculares, séo
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observadas implicacdes na qualidade final da carne, bem como no seu rendimento da carcaga
(MACRAE et al.,2007).

1.2 A miopatia White Striping

Em frangos de corte, a sele¢do para taxa de crescimento € intensa e o rendimento
de peito e coxa pode ndo afetar significativamente o tipo de fibra presente no musculo, mas
afeta 0 aumento no diametro e comprimento das fibras musculares (BERRI et al., 2007).

Nos machos, o nimero de fibras musculares é superior ao das fémeas, confererindo
a ele um maior ganho de peso. A quantia de células satélites é determinante para estipular o
tamanho em que cada musculo pode alcancar, e a quantia de células satélites no musculo varia
com o tipo de musculo, idade, nutricdo e demanda de esforgo. Musculos com carater oxidadtivo
possuem uma maior densidade de células satélites que musculos glicoliticos (LAWRIE, 2005).

Um problema que tem sido recorrente em abatedouros frigorificos no Brasil é a
condenacdo por miosite, caracarisada pela miopatia peitoral white striping em frangos de corte.
Essa miopatia caracteriza-se por estrias brancas localizadas no musculo pectoralis major
(KUTTAPAN et al., 2013b), que tém afetado a aceitagdo pelo consumidor final (KUTTAPAN
2012).

O diametro da fibra muscular aumenta significativamente com a idade, enquanto
gue os numeros absolutos de capilares e vasos sanguineos diminuem juntamente com a
marginalizagdo de suporte vascular em miofibrilas de animais de rapido crescimento, visto que
para compensar a perda de densidade capilar existe um aumento paralelo do ndmero de
capilares em torno da fibra (Joiner, 2014). VELLEMAN (2015) relatou que a sele¢do para
crescimento de massa muscular de peito foi essencialmente baseada na hipertrofia, que resultou
em aumento do diametro da fibra muscular, na reducdo do espaco disponivel para o tecido
conjuntivo e aumento na proporcado de miofibrilas degeneradas. Essas mudancas estruturais e
morfoldgicas no musculo pectoralis major limitou o aporte de oxigénio e de nutrientes,
consequentemente afetando a qualidade.

KUTTAPAN (2013c), classificou os graus de estriacdo branca de 3 formas: a

primeira onde ha auséncia de estrias, os peitos de frangos sdo considerados normais, a segunda,
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ou moderada, as estrias ndo ultrapassam 1mm de espessura, e a terceira, a severa, as lesdes
ultrapassam 1 mm de espessura. O rendimento e idade superior dos frangos de corte estéo
ligados diretamente com o aumento do aparecimento dessas referidas lesdes (KUTTAPAN et
al., 2013b). A presenca de estriagbes brancas peitorais em frangos de corte tem sido
relacionada a um maior rendimento de peito, peso de peito e dietas de alta energia
(SANTIAGO, 2015).

Figura 1 — Classificacdo dos peitos conforme o grau da presenca da miopatia white striping.

Normal (NORM) Moderada (MOD) Severa [SEV)

Fonte: Owens e Vieira (2012)

Algumas miopatias peitorais como deficiéncia de vitamina E e intoxicagdo por
ion6foros se assemelham as descritas na lesdo causada por White striping, no entanto,
(KUTTAPAN et al., 2012b) ndo associam as causas desta miopatia aos diferentes niveis de
vitamina E e intoxicacdo por ionoforos. Essas alteragdes em formas de estrias no masculo do
peito tém causado condenacdo do corte pelo Servico de Inspecdo Federal (SIF), o que gera
prejuizos para os frigorificos. Como ndo ha categoria especifica para essas alteracdes

musculares, as carcagas sdo condenadas por aspecto repugnantes, miosites, visto que essa
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alteracdo é visual. O artigo 172 do Regulamento e Inspec¢éo Industrial de Produtos de Origem
Animal - RIISPOA afirma que “carnes repugnantes” sdo assim consideradas e condenadas
totalmente, as carcagas que apresentam mal aspecto, colora¢do anormal ou que exalem odores
medicamentosos, excrementicias, sexuais ou outros considerados anormais (BRASIL, 1998).

Segundo FERREIRA (2014), existe certa subjetividade na condenagdo, a
legislacdo ndo aborda esse tema de forma especifica e fica a critério do fiscal de inspecdo o
descarte, gerando uma grande varia¢do no percentual de condenagéo. Sendo que essas carnes
seriam vendidas in natura no mercado, e acabam sendo utilizadas como subprodutos perdendo
muito o seu valor comercial. Em paises da Europa, assim como nos Estados Unidos, ndo ha
condenacdo de carcacas devido a presenca de miopatias (VIEIRA, 2014).

Essa miopatia acomete aves com maior peso de abate e que a composi¢ao quimica
é alterada nesses casos, porém pouco tem se estudado sobre o perfil bioquimico e enzimatico
desses peitos com estrias, fazendo-se necessario um estudo voltado para investigar esse
assunto, somando a dados literarios (MCKEE et al., 2010).

1.3  Alteracgdes quimicas e histopatoldgicas de musculos com a miopatia White striping

Mudalal et al. (2014) verificaram alteracdo da composi¢do fisico-quimica de
carnes acometidas por diferentes gruas da miopatia White striping. Os filés com estrias brancas
apresentaram maior porcentagem de umidade, gordura intramuscular e colageno total, e menor
teor de proteina e cinzas em comparacao com filés normais. Com o aumento da intensidade
das estrias ocorreu a diminuicdo do contedo miofibrilar e sarcoplasmatico e da solubilidade
proteica, assim como aumento na perda por cozimento.

Os niveis de colageno, gordura e umidade de carnes com niveis moderados e
severos de White striping séo crescentes, e o percentual de proteina diminui a medida que as
miopatias aumentam de nivel (SOGLIA et al, 2016). Esses resultados se assemelharam ao que
Baldi et al (2018) encontrou na sua avaliacdo de peitos com lesdo por White striping e
spaguetti, além da diminuigdo do percentual de proteina, os percentuais de gordura e umidade

estavam acima do normal. Esses filés de peitos apresentavam aspectos degenerativos, maior
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conteudo extra-fibrilar, e consequentemente uma reducédo da capacidade de rentencéo de agua

inferior.

1.4 Bioquimica muscular vs estresse oxidativo

As fibras musculares intermediarias ou mistas, também chamadas do tipo lla, sdo
formadas em sua maioria de fibras brancas cujo metabolismo € predominantemente
anaerobico. Além disso, apresentam uma capacidade oxidativa maior quando comparada aos
outros tipos de fibras muculares (KIERSZENBAUM, 2004). Quanto as fibras do tipo I1b, esta
tem metabolismo predominantemente anaerébico (MINAMOTO, 2005). As caracteristicas dos
tipos de fibras recrutadas prioritariamente no crescimento acelerado, sugere-se que exista uma
elevagdo no contetido de &cidos (acido latico e ions H+) formados dentro da fibra muscular, os
quais sdo moléculas envolvidas na formacéo de espécies reativas ao oxigénio (EROs) e outros
radicais livres. O crescimento acelerado de animais de alta performance demanda altas taxas
de energia, umas das vias importante para obtencdo de energia celular, é através da
mitocondrial, e com isso, a demanda de oxigénio também aumenta, podendo levar a formacéo
de EROs e radicais livres, (BRAND-WILLIAMS et al., 1996), e que a constante exposicao a
esta condicdo, o estresse oxidativo estara elevado.

A producdo de ERO participa de varias funcdes, como, lesdes teciduais causadas
por traumas, infeccOes, parasitas, radiacdes, hipoxia, toxinas e exercicios extremos, devido a
um conjunto de processos como o aumento de enzimas envolvidas na formagéo de radicais, a
ativacao da fagocitose, liberacéo de ferro e cobre ou uma interrupg¢ao da cadeia transportadora
de elétrons (ROCK et al., 1996). Na medicina veterinaria, o estresse oxidativo também tem
sido relacionado com inumeras afec¢des, como sepse, mastite, enterites, pneumonia, doengas
respiratorias e articulares (CELI, 2010). A mitocondria € a principal fonte geradora de radicais
livres, por meio da cadeia transportadora de elétrons, durante a produgéo de energia a partir da
glicose e do oxigénio. Outra importante fonte geradora de radicais livres sdo as enzimas
NADPH oxidases, que sdo proteinas de membrana que tem a funcdo de transferir elétrons
atraves das membranas celulares (BARBOSA et al., 2010).
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Um radical livre € um ion que possui um ou mais que um elétron livre na sua orbita
externa. Essas particulas, formadas por elétrons livres ou ndo pareados tem uma instabilidade
elétrica grande, e por esta razdo, possuem meia vida curta, apresentam reatividade grande, o
que pode acontecer com qualquer composto que esteja proximo, a fim de captar um elétron
desse composto para sua estabilizacéo, independentemente de ser uma molécula, uma célula,
ou tecido do organismo, a partir do que, acontecem reacOes em cadeia de lesdo celular
(BARBOSA, 2010).

O oxigénio tem a sua atividade fundamental no metabolismo celular aerébico.
Deste modo, a formacao de radicais livres pelo organismo em condi¢fes normais € inevitavel,
pois sdo necessarios no processo de respiracao celular que ocorre nas mitocéndrias das células,
a fim de gerar o ATP (energia). Também os radicais livres, produzidos pelos macrofagos e
neutrofilos (glébulos brancos de defesa), sdo usados contra bactérias e fungos invasores do
organismo, produzindo acéo lesiva a estes microrganismos. Um elétron desemparelhado pode
se associar com atomos isolados (HALLIWELL, 1987).

A producgédo dos ERO se da primeiramente pelo o radical superdxido (02 -), que
pode ser dismutado em perdxido de hidrogénio (H202) ou mesmo através de acéo catalitica,
pela atuacdo da enzima superéxido dismutase (SOD). No organismo existem duas SODs
principais, uma citoplasmatica, que é a CuZnSOD e outra, mitocondrial, que € a MnSOD, esta
contendo manganés e aquela contendo cobre-zinco na mesma molécula (Halliwell &
Gutteridge, 1989). Esse processo de producéo e eliminacao de radicais livres acontece a todo
momento, e 0 organismo possui sistemas naturais de eliminacao de radicais livres, enzimaticos
ou ndo, produzindo a sua eliminag&o ou entdo impedindo sua transformagdo em produtos mais
toxicos para as células. O efeito prejudicial dos radicais livres ocorre quando eles estdo em
quantidade excessiva no organismo, ultrapassando a capacidade do organismo de neutraliza-
los com os seus sistemas naturais. Os sistemas enzimaticos de defesa sdo compostos pelas
seguintes enzimas: glutationa-peroxidase (que necessita do selénio), catalase, metionina-
redutase e superdxido dismutase, as quais combatem, no organismo 0s seguintes radicais
livres: perdxido de hidrogénio, superdxido, oxigénio single, ion hidroxila, 6xido nitrico e dxido
nitroso. Os antioxidantes ndo enzimaticos, em sua maioria Sao ex0genos, ou seja, necessitam
ser absorvidos pela alimentacdo apropriada. Os principais podem ser divididos em: vitaminas

lipossultveis (vitamina A vitamina E, beta-caroteno), vitaminas hidrossoltveis (vitamina C,
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vitaminas do complexo B), e os oligoelementos (zinco, cobre, selénio, magnésio etc.), 0s

bioflavondides (derivados de plantas).

1.5 Antioxidantes

A producdo excessiva de radicais livres no organismo é equilibrada pelos
antioxidantes enzimaticos ou nao enziméaticos (BARREIROS et al., 2006), e podem ser
definidos como qualquer substancia que, quando presente em baixa concentragcdo comparada
a do substrato oxidavel, regenera o substrato ou previne significativamente a sua oxidacao
(HALLIWELL et al., 2000). Existem trés sistemas enzimaticos antioxidadntes de defesa: o
primeiro é formado por dois tipos de enzimas SOD (superdxido dismutase), que catalisam a
desmutacdo do radical anion superéxido O, convertendo-o em oxigénio e peroxido de
hidrogénio (BABIOR, 1997). Segundo (BARIOR, 1997) existem duas formas de SOD no
organismo, a primeira contém Cu?* e Zn?*, a segunda contém Mn?*. O segundo sistema
antioxidante é mais simples, sendo formado pela enzima catalase que atua na dismutacao do
peroxido de hidrogénio em oxigénio e agua.

Segundo (BARREIROS et al., 2006) o terceiro sistema é composto pela glutationa
(GSH) em conjunto com duas enzimas, a glutationa peroxidase (GPx ou GSH-Px) e a
glutationa redutase (GR ou GSH-Rd), e a presenca de selénio na enzima (seleno-cisteina). Esse
sistema também catalisa a dismutacdo do peroxido de hidrogénio em agua e oxigénio.

Quando se tem o desbalanco entre a quantia de EROs e a producéo de antioxidantes
ocorre a instalacdo do quadro de estresse oxidativo. O grande desenvolvimento do musculo
Pectoralis major do frango de corte, associado ao aumento da demanda energética e de
oxigénio resultou numa maior producdo de radicais livres, ativando assim, uma producao
maior de enzimas antioxidantes, e o desbalanco entre a formacéo e de radicais livres e producéo

de enzimas antioxidantes, o que gera o estresse oxidativo.
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1.6 Objetivos

1.6.1 Objetivo geral

Estudar os efeitos dos diferentes niveis de miopatia White striping sobre a
composicao quimica e o perfil bioguimico e histopatolégico do musculo Pectoralis major de

frangos de corte acima de 40 dias de idade,

1.6.2 Objetivo especifico

- Classificar os peitos conforme o grau de estrias no musculo Pectoralis major.
- Analisar a composi¢do quimica dos peitos.
- Avaliar histoldgica e bioquimicamente quais as possiveis alteracdes que ocorrem

nos peitos.
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2 CAPITULO I
MANUSCRITO

Os resultados desta dissertagdo séo apresentados na forma de um manuscrito, com sua
formatagdo de acordo com as orientacdes da revista ao qual serd submetido:

Meat Science Journal - Elsevier



18

2.1 - MANUSCRITO

OXIDATIVE STRESS IN BROILER BREAST FILLETS WITH WHITE
STRIPING MYOPATHY

Autores: Gleidson Biasi Carvalho Salles, Marcel Manente Boaigo, Aleksandro Schafer da

Silva

De acordo com normas para publicagdo em:

Meat Science Journal - Elsevier
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3.2— MANUSCRITO

Oxidative stress in broiler breast fillets with white striping myopathy

Gleidson Biasi Carvalho Salles!, Marcel Manente Boiago®”, Anielen Dutra Silva?, Vera
Maria Morsch?, Anderson Griss®, Ricardo Evandro Mendes®, Matheus D. Baldissera?,

Aleksandro Schafer da Silval?

! Department of Animal Science, Universidade do Estado de Santa Catarina, Chapeco, SC,
Brazil

2 Graduate Program in Toxicological Biochemistry and Molecular Biology, Universidade
Federal de Santa Maria, Santa Maria, RS, Brazil

3 Veterinary Pathology Laboratory, Instituto Federal Catarinense, Concordia, Brazil.

4 Graduate Program in Pharmacology, Universidade Federal de Santa Maria, Santa Maria,

Brazil.

“Author for correspondence: mmboiago@gmail.com (M.M. Boiago).
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ABSTRACT

White striping (WS) myopathy in broiler breast fillets is characterized by the
presence of parallel white stripes in the same direction as the muscular fiber, commonly
occurring in the pectoralis major muscle. WS is caused by high oxygen demand and, as result
of reduction on endogenous antioxidants, generates increased free radical formation. The aim
of this study was to evaluate whether broiler breast fillets with severe WS had elevated of
levels oxidative stress. A total of 1500 male broiler chickens were divided in three groups:
normal, moderate (stripes < 1 mm) and severe (stripes > 1 mm). We evaluated chemical
composition (crude protein, percentage of lipids, minerals and total collagen) and parameters
linked to oxidative stress, including reactive oxygen species (ROS), thiobarbituric acid reactive
substances (TBARS) and activities of glutathione peroxidase (GPx) and glutathione S-
transferase (GST). Chicken breasts with severe WS showed muscular cells with small areas
and diameters (P<0.05), as well as the presence of inflammatory cells. These chicken breasts
also demonstrated higher percentages of humidity, fat, collagen, and smaller protein content
than did breast samples in the control group. Breast samples with moderate and severe degrees
of WS had higher ROS levels than did the control group, and animals with severe WS had
higher TBARS levels. The activities of GST and GPx were higher (P<0.0001) in animals with
moderate WS than those in the control group. Based on this evidence, chicken breasts with WS
demonstrated imbalances of antioxidant/oxidant status, characterizing a state of oxidative
stress.

Keywords: meat quality; glutathione peroxidase; hypereosinophilia.

1. INTRODUCTION

The increased production of high-quality protein from chickens, as well as market
competitiveness have stimulated the search for improvement in poultry genetic stock. In
particular, weight gain and food conversion have been improved in order to meet the human
demand for chicken protein, altering histological and biochemical characteristics of muscular
tissue, especially the pectoralis major muscle of broiler chickens, giving rise to myopathies
(Kuttappan, et al.,20013c).
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These myopathies affect meat quality, and may cause several degrees of white stripes
in chicken breast that increase with age, weight and growth rate of the animals (McKee et al.,
2010; Petracci and Cavani, 2011; Kuttappan et al., 2013b). White striping (WS) is
characterized by presence of parallel visible white stripes in the same direction as the muscular
fibers, commonly occurring in the pectoralis major muscle, but it can also occur in thigh muscle
(Kuttappan et al., 2013c).

WS is caused by increases in oxygen demands by mitochondria that favor an
imbalance between formation and removal of free radicals resulting from reduction of
endogenous antioxidants and increased formation of free radicals. This imbalance favors the
appearance of lesions and creation of oxidative stress states in cells and tissues (Boerboom et
al., 2018). According to Navarro (1999), the cell membranes possess an elevated number of
polyunsaturated fatty acids that are targets of free radicals, or reactive oxygen species (ROS).
In these ways, the excessive formation of ROS stimulates the antioxidant defense system,
particularly enzymes associated with glutathione metabolism such as glutathione peroxidase
(GPx) and glutathione S-transferase (GST), that act to reduce the excessive content of free
radicals. In this content, a study of biomarkers has stimulated studies associated with genetic
enhancement in order to modulate or reduce these alterations and their negative consequences
(Kuttappan et al, 2013a). Therefore, the aim of this study was to evaluate the biochemical and
histological profiles of chicken breast meat with various levels of WS in order to correlate this
myopathy with oxidative stress states.

2. MATERIALS AND METHODS
2.1. Sampling
A total of 1500 male broiler chickens used in this study were collected in
an agro-industrial plant located in Chapecé (SC, Brazil), and were divided in three groups with
500 animals each according to the WS myopathy profiles, as follows: group A (normal breasts,
without stripes); group B (moderate WS, stripes <1 mm), and group C (severe WS, stripes >
1 mm), following screening parameters recommended by Kuttapan et al. (2013c). The samples

were collected in the cutting room of the plant by previously-trained employees.
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2.2 Physical-chemical analysis

The breast samples (n = 15 per group) were randomly evaluated for chemical
composition, humidity, crude protein, percentage of lipids and mineral matter according to
guidelines of the AOAC (2016). The total collagen content was measured according to the
methodologies described by Woessner Junior (1961) and Cross et al. (1973). All parameters

were performed in triplicate.

2.3 Biochemical analysis

Fifteen samples per group were randomly evaluated for thiobarbituric acid reactive
substances (TBARS), reactive oxygen species (ROS) levels, glutathione peroxidase activity
(GPx) and glutathione S-transferase (GST) activities. The muscle fragments were weighed and
allocated into test tubes, where they were homogenized separately in Tris—-HCI 10 mmol, pH
7.2 to measure oxidants and antioxidants. The samples were stored in tubes and frozen at -
20 °C until analysis. All procedures described above were performed at 4 °C.

Lipid peroxidation was determined according to Giampietro et al. (2008), measuring
the malonaldehyde formed during the decomposition of lipid peroxides at 532 nm using a
spectrophotometer. Compound 1,1,3,3-tetramethoxypropane (TMP) was used as the TBARS
standard. The results were expressed as mg TMP/kg sample.

The oxidation of 2°-7°- dichlorofluorescein (DCFH) levels was determined in tissue
homogenates as the index of peroxide produced by cellular components, according to the
modified method described by Ali et al. (1992), and used to determine ROS levels. We
incubated 10 pL of serum with DCFH (10 pL) 1 mM at 37 °C during 1 h in the dark. The
fluorescence was determined using 448 nm for excitation and 520 nm for emission.
Fluorescence measurement was normalized for time, values and fluorescence rates (reflecting
the levels of ROS). The results were expressed in U DCF/mg protein.

Tissue homogenate GST was determined spectrophotometrically according to the
method described by Habig et al. (1974) and expressed in nmol Cdnb/h/mg protein. GPx in
muscle was determined according to the method described by Paglia and Valentine (1967),
that determines the oxidation of nicotinamide adenine dinucleotide phosphate (NADH). The
enzymatic activity was expressed in nmol of oxidized NADPH/h/mg of protein.
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Muscle fragments were collected and fixed in 10 % buffered formalin and embedded
in paraffin. Tissue sections were stained with hematoxylin and eosin (HE) for histopathological
examinations, and were evaluated using a light microscope.

First, the data were subjected to a normality test (Shapiro-Wilk). This test showed
that the data had normal distribution, and therefore parametric statistical analysis was chosen.
The data were subjected to analysis of variance (ANOVA) followed by the Tukey test (P <
0.05). The analyses were performed using SAS statistical package (SAS Institute, Cary, NC,
USA) with a significance level of 5% (P < 0.05).

3. RESULTS

A small area and diameter of muscle cells was observed in animals with severe WS
(Figure 1A, B). Histopathological analysis from the control group (without WS) revealed
isolated multifocal mild hypereosinophilia of fibers, associated with loss of striations, nuclear
pyknosis and focal lymphoplasmacytic inflammatory infiltrates (Figure 2A). Chicken breast
samples with moderate WS showed multifocal moderate hypereosinophilia of fibers,
associated with loss of striations, nuclear pyknosis and phagocytosis of fibers, as well as mild
lymphoplasmacytic inflammatory infiltrates and proliferation of mild-to-moderate fibrous
connective tissue (Figure 2B). Chicken breast samples from severe WS showed isolated
multifocal fibers with severe hypereosinophilia, associated with loss of striations, nuclear
pyknosis and phagocytosis of fibers, as well as moderate lymphoplasmacytic inflammatory
infiltrates, with formation of lymphoid follicles and proliferation of moderate fibrous
connective tissue (Figure 2C).

Contents of lipids, humidity and total collagen were higher in chicken breasts with
severe WS than in the control group, while the percentage of crude protein and mineral matter
were lower (Table 1).

ROS levels were higher in chicken breasts with moderate and severe WS than in the
control group, while the TBARS levels were higher only in the severe WS group. GPx activity
was higher in chicken breasts with moderate WS than in the control group, while this activity
was lower in the severe WS group than in the control group. Finally, GST activity was higher
in chicken breasts with moderate and severe WS than in the control group (Table 2).
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4. DISCUSSION

In the present study, we observed that chicken breasts with WS myopathy showed
several alterations in terms of composition, as well as alterations linked to oxidative stress and
tissue changes. The decrease in area and diameter of muscle cells can be linked to
pathophysiological responses due to muscular degeneration, myopathic alterations, lysis of
fibbers, insertion of collagen and lipids, and the presence of inflammation, in accordance to
findings reported by Kuttapan et al. (2013a). Chicken breasts with WS myopathy showed
inflammatory and structural alterations, occurring because of recruitment of neutrophils and
macrophages in areas with muscular lesions (Paglia et al., 1967), because these cells act in
damaged tissues during myopathies (Barbosa et al., 2010; Baldi et al., 2018). In agreement
with our observations, Kuttapan et al. (2013a) demonstrated several histopathological
alterations during moderate and severe WS, including mononuclear cell infiltration, lipidosis,
interstitial inflammation, fibrosis, polyphasic lesions, floccular/vacuolar degeneration and
lysis of fibers. Furthermore, these authors demonstrated that the incidence of lesions was
associated with changes in meat composition, explaining the alterations in meat quality
observed in the present study; this was in agreement with findings reported by Baldi et al.
(2018). Recently, a study conducted by Soglia et al. (2018) revealed that the pectoralis major
muscle of turkeys affected by WS showed higher contents of lipids and collagen, in agreement
with the observations in the present study. According to these authors, this effect occurred
because of complete reorganization of skeletal muscle involving the proliferation of connective
tissue and fat infiltration, augmenting collagen and lipid deposition in chicken breasts.

ROS levels were higher in chicken breasts with moderate and severe WS
myopathy, indicating an excessive formation of free radicals, in agreement with observations
reported by Abasth et al. (2016) in chickens with wooden breast myopathy. According to these
authors, this condition may be related to higher oxygen consumption by mitochondria owing
to increased metabolic activity in breast muscle. According to Cesaratto et al. (2004), the
excessive production of free radicals, mainly ROS, damages important macromolecules such
as lipids and proteins, as evidenced in this study by augmentation of TBARS levels, indicating
lipid damage. Lipids, primarily polyunsaturated fatty acids, are sensitive to oxidation by free

radicals, forming MDA, and their accumulation in tissues is an important marker of extensive
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free radical formation, oxidative stress and damage to cells and tissues (Rezaei and Dalir-
Naghadeh, 2006).

The antioxidant defense system, including the enzymes GPx and GST,
might be stimulated in order to remove or reduce the excessive formation of free radicals,
consequently reducing tissue and cellular damage (El-Sayed et al., 2015). In this study, a
significant increase in GST activity was observed in chicken breasts with moderate and severe
WS; this may be considered an attempt to reduce or remove excessive ROS formation, in
agreement with observations reported by Abasth et al. (2016) in chickens with wooden breast
myopathy. According to Sheehan et al. (2001), GST is a major phase Il detoxification enzyme
found mainly in cytosol, exerting an important role biochemical protection mechanism though
scavenging and biotransformation of free radicals such as ROS. Thus, the augmentation of
GST activity can be considered an attempt to remove excessive ROS formation during WS
myopathy. Similarly, GPx activity was stimulated in chicken breasts with moderate WS, also
observed in an attempt to remove the excessive production of free radicals, principally
hydrogen peroxide (H20>), because this enzyme transforms H>O: into water and oxygen.
Nevertheless, GPx activity was inhibited in chicken breasts with severe WS, indicating an
impairment in the antioxidant defense system and less protection against the damaging effects
of H20> (Cesaratto et al., 2014). Is important to emphasize that the antioxidant defense system
might be affected by an increase in free radicals, principally ROS. When the antioxidant
defense system is unable to remove excess free radicals, the excess might affect the synthesis
of antioxidant enzymes and may inhibit them (Winterbourne, 2015), explaining the inhibition

of GPx activity in severe WS myopathy.

5. CONCLUSION

Chicken breasts classified as having severe WS showed high percentages of
humidity, fat and collagen, as well as small contents of crude protein. The most important
result was that WS myopathy affected oxidant/antioxidant status, causing an oxidative stress
state, possibly explaining the severe histopathological damage observed in animals affected by
WS myopathy. Therefore, chicken breasts with WS myopathy showed oxidative stress
contributing to tissue alterations.
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Table 1: Percentage of humidity (H), crude protein (CP), lipids (L), mineral matter (MM) and

total collagen (TC) of breasts with various levels of WS myopathy.

Variables Normal Moderate Severe P value
H 73.75+0.61° 7411+ 0.21° 75.13 + 0.80? 0.002
CP 22.97+0.42%  22.75+0.10°  21.54+0.49° <0.001
L 2.21+0.20° 2.24+0.16° 2.75 + 0.26° 0.0052
MM 1.44 +0.11 1.40 + 0.07? 1.28 £ 0.13? 0.091
TC 0.250 + 0.05° 0.249 +0,10° 0.352 +0.13? <0.001

&b Different letters in the same line indicates significant difference between groups by Tukey
test (P<0.05).

Table 2: Reactive oxygen species (ROS) and thiobarbituric acid reactive substances (TBARS)
levels, as well as glutathione peroxidase (GPx) and glutathione S-transferase (GST) activities

of breasts with different levels of WS myopathy.

Variables Normal Moderate Severe P value
ROS 3.09 + 1.29° 6.14 + 2.63% 7.15 + 2.692 <0.001
TBARS 0.45 +0.10° 0.50 +0.11° 0.88 +0.182? 0.0012
GPx 5.48 +1.79° 7.85+0.98% 2.14 +1.02° <0.001
GST 10.70 + 1.63° 17.04 + 3.722 15.7 £ 3.642 <0.001

ab Different letters in the same line indicates significant difference between groups by Tukey
test (P<0.05).
Note: ROS (U DCF/mg protein); TBARS (mg TMP/kg sample); GPx (NADPH/h/mg

protein); GST (GST, nmol Cdnb/h/mg protein).
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Figure 1: Area (A) and diameter (B) of chicken breast muscle with normal, moderate and
severe white striping.
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Figure 2: A (normal) — Focal extensive area of mononuclear inflammatory infiltrate (HE —
100x). B (moderate) — Multifocal areas of moderate multifocal mononuclear inflammatory
infiltrates associated with eosinophilia and fragmentation of multifocal fibers and light fibrosis
(HE — 100x). C (severe) - Multifocal areas of severe multifocal mononuclear inflammatory
infiltrates associated with eosinophilia and fragmentation of multifocal fibers and moderate
fibrosis (HE — 100x).
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4  CONSIDERACOES FINAIS

A miopatia White striping € atuamente um desafio para as agroindustrias, pois causa
consideraveis prejuizos. Estudos recentes confirmam que o elevado desempenho,
principalmente em aves machos abatidos pesados sdo os prinipais fatores que contribuem para
0 surgimento dessa miopatia, e que a qualidade e a composicdo da carne também séo
comprometidas. O presente estudo permitiu compreender de forma mais clara as alteracfes
bioguimicas e histolégicas que ocorrem nos tecidos dos peitos acometidos pela miopatia em
questdo, 0 que oportunizard mais estudos que contribuirdo para o desenvolvimento de técnicas

de manejo para a diminuicdo da ocorréncia dessa sindrome na cadei avicola.



