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KATO, Talita. Classificacdo por analise de imagens e caracterizacdo da
miopatia white striping em filés de frango por meio de parametros
bioguimicos, estruturais e sensoriais. 2017. 116 f. Tese (Doutorado em Ciéncia
de Alimentos) — Universidade Estadual de Londrina, Londrina, 2017.

RESUMO

O White striping (WS) é um fendbmeno que se caracteriza pelo aparecimento de
varios graus de estrias esbranquigadas que seguem a diregdo da fibra muscular em
cortes como peito e coxas de frango. O WS pode ser classificado em: Normal
(NORM), Moderado (MOD) ou Severo (SEV), dependendo da gravidade e espessura
das estrias brancas na superficie dos filés de frango. O objetivo deste trabalho foi
caracterizar o fendbmeno WS em um abatedouro comercial no sul do Brasil: propor
um sistema de classificagédo dos filés de frango por analise de imagens para separar
os diferentes graus do WS; verificar a reacdo dos consumidores com auxilio de
analises sensoriais (Aceitacdo e Intencdo de compra); verificar a incidéncia do WS
em filés de frango retirados de uma linha de processamento; verificar valores de pH,
cor, dimensdes do tamanho e analise histologica das amostras com auxilio da
microscopia 6ptica. Por fim, avaliar a composigao centesimal, teor de colageno total
e soluvel, capacidade de retengdo de agua, perda por cozimento, pH, capacidade de
emulsificagao e perfil de acido graxos entre os diferentes graus de severidade do
WS. O sistema de classificagdo por imagem provou ter grande acuracia (> 70%) e
ser mais rapido e robusto do que o método de classificacdo visual. A analise
sensorial verificou que a miopatia WS afeta negativamente a textura das amostras
quando grelhadas, e aparéncia das amostras cruas, o que influenciaram as notas de
Intencdo de Compra. A incidéncia do WS foi (n=660) de 16,97%; 51.67%; 31.36%
para amostras NORM, MOD e SEV, respectivamente. Nao foram verificadas
diferencgas significativas para os valores de pH, dos parametros a* e b* e capacidade
de emulsificacdo. As amostras MOD e SEV apresentaram altos valores para o
parametro L* e maiores espessuras da regido cranial. Neste estudo verificou-se a
presenca de citoplasma fragmentado e infiltrado inflamatdrio, e aumento do didmetro
das fibras nas amostras SEV. As amostras SEV também apresentaram 27% mais
lipidios, 29% mais colageno, 26% mais perdas por cozimento e 27% maiores na
forca de cisalhamento em amostras cozidas quando comparadas com amostras
NORM. Os &cidos graxos: 17:1n9 e 20:4n6 apresentaram as maiores porcentagens
para as amostras SEV quando comparadas as demais classificagdes. Ja para o
acido graxo 18:1n7 foi observado o oposto, pois apresentou as menores
porcentagens para as amostras SEV. Os acidos graxos 20:3n6, 22:5n6
apresentaram as maiores proporcdes para as amostras Normais. A miopatia WS
representa prejuizos econémicos as industrias, devido a rejeicdo dos consumidores
no momento da compra além de provocarem modificagdes na composicao quimica e
estrutural dos filés. Porém, n&o foram verificadas diferengas significativas em
propriedades funcionais, entdo a utilizacdo destas carnes no desenvolvimento de
processados carneos pode nao ocasionar mudangas ou defeitos tecnologicos.

Palavras-chave: Aceitagdo. Carne de Aves. Colageno. Estrias Brancas. Histologia.



KATO, Talita. Classification image analysis and characterization of White
Striping myopathy in chicken fillets by means of biochemical, structural and
sensory parameters. 2017. 116 p. Thesis (Doctoral degree in Food Science) —
Universidade Estadual de Londrina, Londrina, 2017.

ABSTRACT

White Striping (WS) is a phenomenon characterized by the appearance of various
degrees of White striations that follow the direction of the muscle fiber in cuts such as
breast and chicken thighs. It can be classified into: Normal (NORM), Moderate
(MOD) or Severe (SEV), depending on the severity and thickness of the white
striations on the surface of the chicken fillets. The objective of this work was to
characterize the WS phenomenon in a commercial slaughterhouse in southern
Brazil: to propose a classification system for chicken fillets by image analysis to
separate the different grades of WS; verify the reaction of the consumers with the aid
of sensorial analysis (Acceptance and Intention to buy); to verify the incidence of WS
in chicken fillets taken from a processing line; verify values of pH, color, size and
histological analysis of the samples with the aid of light microscopy. Finally, to verify
the centesimal composition, total and soluble collagen content, water retention
capacity, cooking loss, pH, emulsification capacity and fatty acid profile among the
different degrees of severity of WS. The image classification system proved to be
highly accurate (> 70%) and to be faster and more robust than the visual
classification method. Sensory analysis verified that WS myopathy negatively affects
the tenderness of the samples when grilled, and the appearance of raw samples,
which influenced the Purchase Intention notes. The incidence of WS was (n = 660)
16.97%; 51.67%; 31.36% for NORM, MOD and SEV samples, respectively. No
significant differences were found for pH values, a* and b* parameters and
emulsification capacity. The MOD and SEV samples presented high values for the
parameter L* and greater thicknesses of the cranial region. The presence of
fragmented cytoplasm and inflammatory infiltrate, and increase of the diameter of the
fibers in the SEV samples were verified. SEV samples also showed 27% more lipids,
29% more collagen content, 26% more cooking losses and 27% higher shear force in
cooked samples when compared with NORM samples. The fatty acids: 17:1n9 and
20:4n6 presented the highest percentages for the SEV samples when compared to
the other classifications. For the fatty acid 18:1n7, the opposite was observed, as it
presented the lowest percentages for the SEV samples. The fatty acids 20:3n6,
22:5n6 presented the highest proportions for the Normal samples. WS myopathy
represents economic losses to the industries, due to the rejection of the consumers
at the time of purchase besides causing changes in the chemical and structural
composition of the fillets. However, no significant differences in functional properties
were observed, so the use of these meats in the development of processed meat
may not cause changes or technological defects.

Keywords: Acceptance. Collagen. Histology. Poultry meat. White Striations.
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1 INTRODUCAO

A producao brasileira de carne de frango em 2016 foi de 12,900 milhfes de
toneladas, colocando o Brasil em segundo maior produtor mundial, atrds dos
Estados Unidos (18,261 milhdes de toneladas). Deste total produzido no Brasil, 90%
foram comercializados in natura e 10% foram destinados para produtos
industrializados (ABPA, 2017).

No mesmo ano, 66,0% da producdo brasileira foi destinada ao mercado
interno e 34,0% para as exportacbes. Com isto, 0 consumo per capita de carne de
frango foi de 41,10 Kg/hab. E em relacdo a producdo nacional, os trés estados do
Sul do pais permaneceram entre 0s principais na atividade de abate de frangos,
sendo que o estado do Parand se apresenta na primeira posicdo com 33,46%
(ABPA, 2017). A garantia de manutenc¢ao deste mercado consiste no fornecimento
de produtos com padrbes de qualidade estaveis com o objetivo de promover a
satisfacéo e seguranca do consumidor (SIMOES et al., 2009).

A qualidade da carne representa um dos principais fatores para o0s
consumidores. O primeiro atributo a ser considerado no momento da compra € a cor,
um atributo fundamental no que se refere as exigéncias sensoriais dos
consumidores (FLETCHER, 1999). Outro atributo a ser considerado € a textura que
esté relacionada com a capacidade de retencdo de agua, teor de gordura e de tecido
conjuntivo na carne (LAWRIE, 2005).

A evolugéo na producao de carne de aves oportunizou uma grande variedade
de produtos, com maior elaboracdo de itens de conveniéncia, praticidade e valor
agregado, em detrimento da comercializacdo de carcacas inteiras. Os musculos da
regido do peito das aves apresentam um grande valor comercial. Porém, a intensa
selecdo genética das linhagens com menor tempo de criacdo e rapido ganho de
peso tem ocasionado fendmenos anormais no tecido muscular, (PEREIRA et al.,
2005), como o White striping.

O White striping (WS) se caracteriza pelo aparecimento de varios graus de
estrias esbranquicadas no musculo Pectoralis major, que seguem a direcédo da fibra
muscular. Assim, quando esta miopatia é visualizada nos filés de peito de frango na

linha de producéo, eles sdo destinados a producéo de processados (PETRACCI et
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al., 2014) devido a rejeicdo dos consumidores pela aparéncia do produto in natura
(KUTTAPPAN et al., 2012a).

A etiologia desta miopatia ainda é desconhecida, porém sugere-se estar
relacionada com o aumento da taxa de ganho de peso e com a idade da ave.
Sabendo disso, Kuttappan et al. (2009; 2012a) desenvolveram uma classificacéo
subjetiva com os graus de severidade do WS em filés de frango, e muitos estudos
tem se baseado nesta classificagcdo para tentar caracterizar este fenbmeno. Além
disso, estes mesmos autores tentaram classificar os filés pela metodologia de
analise de imagens, mas encontraram problemas para validar a técnica. O
desenvolvimento de métodos computacionais que realizem esta classificacdo, além
de uma série de andlises bioquimicas e estruturais para caracterizar o fendbmeno sao
necessarios para elucidar este problema.

Atualmente sdo poucos os estudos relacionados a este fenébmeno na carne de
frango, quando comparados com outras miopatias. E a adocdo de medidas
preventivas para o controle desta miopatia tem dificultado a tomada de decisbes
seguras para o consumidor. Devido a estas incertezas com relacdo aos filés de
frango acometidos com o WS, torna-se necessario a busca de mais informacoes

sobre o tema para melhores esclarecimentos.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Caracterizar a miopatia White Striping do musculo Pectoralis major com relacdo aos
parametros bioquimicos, estruturais, sensoriais em uma linha comercial de abate e

classificar por analise de imgem.

2.2 OBJETIVOS ESPECIFICOS

Verificar a incidéncia dos filés de frango com a miopatia White striping e seus
diferentes graus de severidade: Normal, Moderado, Severo em um abatedouro

comercial.

Caracterizar os filés com White striping com relacdo a analises de composicéo
centesimal, teor de colageno (total e insolavel), pH, cor (L* a* b*), forca de
cisalhamento, capacidade de retencdo de agua, perda de peso por cozimento,
capacidade de emulsificacéo e perfil de acidos graxos.

Verificar as dimensfes dos filés e avaliar o didametro das fibras musculares e a
morfologia geral do tecido através da microscopia Optica de filés de frango

classificados como White striping (e seus diferentes graus de severidade).

Desenvolver uma metodologia por analise de imagem que seja capaz de classificar

os filés de frango com White striping em seus diferentes graus de severidade.

Verificar a aceitagcdo e intencdo de compra dos consumidores em relacdo aos

diferentes graus do White striping nos filés de frango.
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3 REVISAO BIBLIOGRAFICA

3.1 COMPONENTES DA ESTRUTURA MUSCULAR

A composicdo da carne pode ser estimada, em termos gerais, com 75% de
agua, 19% de proteinas, 3,5% de substancias ndo protéicas soluveis e 2,5% de
gordura. Apesar destas propor¢cdes, o comportamento da carne e sua variabilidade
nao podem ser baseados em tais simplificacbes (LAWRIE, 2005).

A descricdo da estrutura do musculo e seus componentes basicos (Figura 1)
sdo de extrema importancia para a compreensao dos fendbmenos bioquimicos que
ocorrem durante a transformacao do musculo (GOMIDE; RAMOS; FONTES, 2013).

Figura 1 — Representacdo esquematica da organizacdo estrutural de uma fibra

muscular
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A unidade de organizacdo estrutural do musculo é denominada de fibra
muscular. As fibras sdo células longas, estreitas, multinucleadas que podem
estender-se de uma extremidade para a outra, e sdo responsaveis pela forma
estriada, caracteristica do mudsculo (SWATLAND, 1994; SGARBIERI, 1996;
LAWRIE, 2005; ORDONEZ et al., 2005; TORTORA; DERRICKSON, 2009; GOMIDE;

RAMOS; FONTES, 2013). Estas estruturas oscilam em limites em uma mesma
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espécie, variando de 10 a 100 um de diametro, e vao de poucos milimetros a varios
centimetros de comprimento (STRASBURG; XIONG; CHIANG, 2010).

As fibras musculares sao constituidas por uma membrana externa,
denominada sarcolema, e de um citoplasma, denominado sarcoplasma
(SGARBIERI, 1996; TORTORA; DERRICKSON, 2009). O sarcoplasma é constituido
por uma substancia coloidal intracelular, com uma matriz citoplasmatica com 75 a
85% de agua, onde estdo suspensas goticulas de gordura, granulos de glicogénio e
organelas, assim como nutrientes, enzimas e inUmeros compostos inorganicos
(GOMIDE; RAMOS; FONTES, 2013).

O musculo é envolvido por uma camada externa de tecido conjuntivo
chamado epimisio. Os delgados septos que se estendem para dentro e envolvem
todos os feixes constituem o perimisio. E a unidade de tecido conjuntivo que envolve
cada fibra recebe a denominacédo de endomisio (SGARBIERI, 1996; STRASBURG,;
XIONG; CHIANG, 2010; GOMIDE; RAMOS; FONTES, 2013).

Outra organela tipica da fibra muscular é a miofibrila. Elas sao estruturas
cilindricas, compridas e delgadas (ORDONEZ et al., 2005; GOMIDE; RAMOS;
FONTES, 2013) que apresentam diametros uniformes e larguras similares
(aproximadamente 0,5-1,0 um) (MCCORMICK, 1994).

As miofibrilas sdo formadas por unidades estruturais repetitivas denominadas
sarcomeros. Nos sarcOmeros estdo todas as estruturas elementares necessarias
para a contragcdo muscular a nivel molecular (LONERGAN; ZHANG; LONERGAN,
2010). Quando a fibra muscular é exposta a luz polarizada, duas regides podem ser
observadas: regides claras que apresentam refracdo simples, isotrépicas (desviam a
luz polarizada em uma s6 dire¢do), denominadas de bandas I; e regibes escuras,
que apresentam refracdo dupla, anisotropica, denominadas bandas A (GOMIDE;
RAMOS; FONTES, 2013). Assim, o sarcébmero é dividido em quatro componentes
majoritarios: linha Z, Banda |, Banda A, linha M, sendo delimitado por duas linhas Z
ou discos Z (ORDONEZ et al., 2005; TORTORA; DERRICKSON, 2009; GOMIDE;
RAMOS; FONTES, 2013).

Estima-se através da analise protedmica que mais de 65 proteinas compdem
a estrutura do sarcémero (FRATERMAN et al., 2007). No entanto o numero real é
provavelmente muito maior do que isso, pois nesta analise ndo levou em conta as
multiplas isoformas das proteinas (LONERGAN; ZHANG; LONERGAN, 2010).
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Outros componentes celulares sdo as mitocondrias que utilizam oxigénio e
outros substratos para produzir energia sob a forma de adenosina trifosfato (ATP), e
do reticulo endoplasmaético que é responsavel pela regulacdo dos ions célcio (Ca*?)
no interior da fibra muscular e, como resultado, possui um desempenho relevante
sobre a atividade de contragcdo muscular. Dentro do musculo, esta organela é
referida  como reticulo sarcoplasmatico (FAUSTMAN, 1994; TORTORA,;
DERRICKSON, 2009; GOMIDE; RAMOS; FONTES, 2013).

Existem também outras estruturas, como os nucleos e os lisossomos. Como a
fibra muscular é multinucleada, geralmente, uma fibra pode ter milhares de nucleos
localizados na periferia imediatamente abaixo do sarcolema. Ja os lisossomos estao
localizados no interior da fibra e contém uma grande variedade de enzimas
importantes na bioquimica muscular (ORDONEZ et al., 2005).

Os principais componentes do sarcomero do musculo estriado (Figura 2)
incluem disposicdes paralelas de actina contendo filamentos finos que cobrem a
banda | e se sobrepbem a miosina contendo filamentos grossos na banda A. O
terceiro sistema de filamentos é composto por moléculas de titana que abrangem
metade do sarcomero. A nebulina, abrange o comprimento dos filamentos de actina
e as formas do quarto sistema de filamentos no musculo esquelético. Os discos Z
representam as fronteiras laterais do sarcémero, onde os filamentos finos: titana e
nebulina se encontram, e sdo estes discos que auxiliam na manutencdo da
homeostase muscular (CLARCK et al., 2002).

Figura 2 - Representacdo do sarcémero e algumas de suas proteinas estruturais
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Fonte: Shimokomaki et al. (2006)

As proteinas do musculo podem ser dividas em trés classes: proteinas

miofibrilares, sarcoplasmaticas ou do estroma (SGARBIERI, 1996). As proteinas



20

sarcoplasmaticas sdo caracterizadas por serem sollveis em solu¢cdes de forga ibnica
igual ou menor que 0,1 em pH neutro. Esta fragdo constitui cerca de 30-35% da
proteina total da musculatura esquelética, e contém de 100 a 200 proteinas
diferentes, como a mioglobina e enzimas do metabolismo celular (SGARBIERI,
1996).

Os musculos do peito de frango contém concentracdo de mioglobina inferior a
1 mg.g?, enquanto que o musculo de bovinos adultos a quantidade pode situar-se
em torno de 10 mg.g! de musculo (ORDONEZ et al., 2005). As proteinas
miofibrilares sdo constituidas de proteinas que sao extraidas em solucdes de forca
ibnica entre 0,5 e 1,0.

A maioria das proteinas miofibrilares sdo sollveis em agua, mesmo sendo
necessario uma elevada forga ibnica para romper as miofibrilas (SGARBIERI, 1996).
Como representantes deste grupo tem-se em maior proporcdo a miosina (com 50-
58% do total) e a actina (15-20%), e em menores quantidades, a tropomisiona,
troponina, proteina M, proteina C e outras proteinas. As proteinas miofibrilares
representam de 52-56% de toda a proteina muscular (SGARBIERI, 1996;
ORDONEZ et al., 2005).

As proteinas do estroma séo insoluveis em solventes aquosos. Essa fracéo
representa de 10-15% de toda a proteina do musculo esquelético e inclui
mucoproteinas das membranas celulares, lipoproteinas, e as proteinas do tecido
conjuntivo. O colageno € o seu principal representante com 40-60% das proteinas,
enguanto a elastina representa de 10-20% do total desta fracdo (SGARBIERI, 1996).

3.2 TRANSFORMACAO DO MUSCULO EM CARNE

ApoOs o abate, a fibra muscular deve alterar o seu metabolismo para adaptar-
se as novas condicbes e manter a homeostasia que permita seu funcionamento
(SWATLAND, 1994). A transformagédo do musculo em carne é realizada a partir de
trés fases bioquimicas: pré-rigor, rigor e amaciamento (OUALI et al., 2006). O inicio
e a extensdo do rigor mortis sdo bioquimicamente caracterizados pelo teor de
compostos ricos em energia, incluindo ATP fosfato, creatina e glicogénio, em
conjunto com as atividades da ATP quinase e as enzimas glicoliticas no musculo
(JIANG, 1998).
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Apés a parada da circulacdo sanguinea devido a sangria, interrompe-se a
distribuicdo de oxigénio e nutrientes para as células (OUALI et al., 2006). A glicolise
anaerodbica se torna a principal via metabdlica para geracdo de ATP (STRASBURG;
XIONG; CHIANG, 2010).

Os produtos de metabolismo anaerobico (glicélise) ndo podem ser removidos
e se acumulam no tecido, o que resulta em acumulacao de acido latico, provocando
uma diminuicdo gradual do pH do tecido de 7,0 para 5,6. Entretanto, para frangos
que passaram por reacdes de estresse que apresentaram caracteristicas de carnes
PSE (Pale, Soft. Exudative), verificou-se que a glicolise iniciou com o valor de pH
6,04 e atingiu o pH final de 5,55 em 10-15 minutos, e para aves calmas o pH inicial
de 6,25 reduziu mais lentamente, apresentando um pH final mais elevado (pH 5,65),
obtido em aproximadamente 30 minutos (OLIVO et al., 2001).

Além do valor do pH final da carne, a taxa de declinio desse pH também pode
ser afetada pelos mesmos fatores que interferem no conteddo de glicogénio pré-
abate (GOMIDE; RAMOS; FONTES, 2013).

A temperatura do musculo tem grande influéncia na velocidade da glicélise
post-mortem. As temperaturas elevadas (em torno de 40°C) aceleram a queda de
pH, enquanto em baixas temperaturas, as mesmas retardam a queda, sendo
necessaria um maior intervalo de tempo para que o musculo permaneca com o pH
estabilizado (ORDONEZ et al., 2005; GOMIDE; RAMOS; FONTES, 2013).

De modo geral, musculos em que predominam fibras de contracéo rapidas, as
denominadas fibras brancas, apresentam uma maior taxa de declinio do pH,
enguanto em musculos de contracdo lenta, com predominancia de fibras vermelhas,
a taxa de declinio € menor (GOMIDE; RAMOS; FONTES, 2013).

O musculo é sensivel ao ATP e Ca?* ambos envolvidos no processo de
contracdo e relaxamento (JIANG, 1998; MALTIN et al., 2003). A ressintese
ineficiente do ATP pela glicolise anaerébica ndo pode manter o nivel de ATP.
Quando ha o esgotamento da quantidade de ATP, e aumento nos niveis de Ca?*
(MCCORMICK, 1994; JIANG, 1998; SAMS, 1999; MALTIN et al., 2003; LAWRIE,
2005) com a concentracdo de calcio de 10 a 150 vezes maior no sarcoplasma,
atingindo concentracées préximas de 10 a 10> M (GOMIDE; RAMOS; FONTES,
2013), as moléculas de actina e miosina permanecem unidas. Esta unido é
denominada, actomiosina, e possui uma estrutura inextensivel (MCCORMICK, 1994;
JIANG, 1998; SAMS, 1999; MALTIN et al., 2003; LAWRIE, 2005).
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O mdasculo se torna inextensivel, os filamentos finos e grossos permanecem
presos e juntos pelas pontes cruzadas de miosina e 0 amaciamento ndo tem inicio
até os filamentos recuperarem a capacidade de deslizar um sobre o outro
(ORDONEZ et al., 2005). O ponto exato em que a conversdo do musculo em carne é
completa é dificil de avaliar, embora o estabelecimento do rigor mortis seja
geralmente aceito a ser neste momento (FAUSTMAN, 1994).

O desenvolvimento do rigor mortis pode ser acompanhado pela queda de
ATP ap6s a morte do animal. De forma similar, a concentracdo de inosina
monofosfato (IMP) também fornece um indicativo do estado de rigor em que se
encontra o musculo (FAUSTMAN, 1994).

ApGs a instalagdo do rigor, durante o armazenamento das carnes, ha uma
diminuicdo na dureza da carne que pode durar poucos dias para frangos, suinos e
cordeiros, e até duas semanas para bovinos (STRASBURG; XIONG; CHIANG,
2010). Este processo de amaciamento € denominado de maturacdo e ocorre devido
a acdo de enzimas proteases (FAUSTMAN, 1994; KOOHMARAIE et al., 2002).

Existem muitas proteases no musculo esquelético, mas até agora apenas as
calpainas e certas enzimas lisossomais sdo responsaveis na degradacdo de
proteinas miofibrilares (KOOHMARAIE, 1992).

3.3 QUALIDADE

O termo qualidade da carne pressupde um termo bastante amplo e complexo,
pois envolve diversos aspectos inter-relacionados, que englobam todas as etapas da
cadeia agroindustrial desde a criacdo do animal até o preparo para o consumo final
da carne in natura e de produtos carneos processados. O conceito em si varia
conforme as classes econdmicas, as diferentes visdes industriais e de acordo com
as proéprias caracteristicas de cada consumidor com as suas preferéncias individuais
(CASTILLO, 2006).

A producdo mundial de carne tem aumentado consideravelmente. Juntamente
com esta demanda, o consumidor aprimora as suas exigéncias quanto a qualidade
gue adquire. As caracteristicas, como: cor, textura (em especial a maciez) e o sabor
da carne tem sido tema de variados estudos para desvendar os mecanismos e, ou,
fatores responsaveis por essas caracteristicas e que permitem melhora-las
(RAMOS; GOMIDES, 2012).
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As exigéncias pela qualidade da carne estdo cada vez maiores tanto no
mercado internacional, quanto no nacional. Essas exigéncias provocam mudancas e
envolvem toda a cadeia produtiva. Tais mudancas incluem desde a producéo de um
frango com atributos de qualidade melhorados, tendo como alicerce uma
alimentacdo de alto padrdo técnico e nutricional, como o aprimoramento das
diversas etapas da linha de abate (CASTILLO, 2006).

A garantia da qualidade é um dos objetivos mais importantes para a industria.
A capacidade de gerar produtos com alta qualidade incentiva a lealdade dos
consumidores e um espaco no mercado que estd em constante expansao. Os
métodos de garantia de qualidade utilizados na indastria de alimentos devem ser
métodos automaticos e rapidos, que apesar de seu alto custo inicial, esses sistemas
estdo se tornando cada vez mais populares (GUNASEKARAN, 1996).

Dentre todos os parametros de qualidade a aparéncia do produto € o atributo
mais importante avaliado pelos consumidores no momento da compra de uma
carne, pois qualquer desvio da aparéncia considerada como normal de um produto
resultard na rejeicdo do mesmo, independente de outras qualidades intrinsecas
superiores (KUTTAPPAN et al., 2012a).

3.3.1 Cor

A cor € um atributo de qualidade importante resultante da interacdo entre a
luz, o objeto e o observador (FERNANDEZ; CASTILLERO; AGUILERA, 2005). A cor
€ um fator de qualidade de extrema importancia para a comercializacdo e consumo
de carnes. A cor da carne é o primeiro parametro a ser avaliado pelo consumidor
(RAMOS; GOMIDES, 2012) e depende da presenca dos pigmentos heme
musculares, como a: mioglobina (CASTILLO, 2006), e outros pigmentos como
citocromos, mas com uma pequena contribuicdo para cor (ORDONEZ et al., 2005).

A molécula de mioglobina é formada por uma porcéo protéica denominada
globina, e por um grupo prostético de natureza nao-protéica: anel ou grupo heme,
ferro portoporfirina 1X. A globina encontra-se dobrada em oito segmentos helicoidais
em torno do grupo heme, formado por quatro anéis pirrélicos, unidos por pontes
metinicas e providos de restos de metila, vinila e acido propionico e de um atomo de

ferro no centro. O atomo de ferro pode encontrar-se em estado reduzido (Fe?*,
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ferroso), dando origem a oximioglobina, ou oxidado (Fe?*, férrico), dando origem a
metamioglobina (ORDONEZ et al., 2005).

Cada uma delas oferece um espectro de absorcao diferente: a mioglobina
oferece a tonalidade purpura, a metamioglobina, o tom pardo, e a oximioglobina, a
cor vemelho - vivo (ORDONEZ et al., 2005).

O teor destes pigmentos e, ou, a proporcao relativa entre suas formas
quimicas varia de acordo com a espécie e genética, o grau de atividade muscular, a
forma de criagdo e a dieta do animal, a disponibilidade de oxigénio para o animal ou
durante a estocagem da carne, o0 ambiente em que a carne é estocada, o pH da
carne e sua evolucdo pos-abate, as tecnologias empregadas durante o abate dos
animais, entre outros fatores (RAMOS; GOMIDES, 2012).

A cor observada na superficie das carnes é o resultado da absor¢éo seletiva
pela mioglobina, provocada pela distribuicdo da luz que emerge da carne. Com a
diminuicdo do pH, ocorre aumento da birrefringéncia, com menos luz sendo
transmitida através das fibras e mais luz sendo dispersa (SWATLAND, 2008).

A cor da carne de frango pode ser afetada por varios fatores, como a idade do
animal, dieta, gordura intramuscular, conteddo de umidade, condi¢cdes de pré-abate
e no proprio processamento dessas carnes (CASTILLO, 2006). Podem-se citar
alguns processamentos, como: cozimento, a embalagem, a presenca e tipo de luz
durante o armazenamento, adi¢do de substancias como sal e nitrito, congelamento e
refrigeracdo (RAMOS; GOMIDES, 2012).

Diversos sistemas para mensurar as cores de produtos alimenticios ja foram
desenvolvidos. Os mais utilizados atualmente é o sistema Hunter, que foi
desenvolvido nas décadas de 1950 e 1960, passando por varias modificacbes. A
escala CIE L* a* b* ou CIELab, recomendada pela Commission Internationale de
I"Eclairage (CIE). No entanto, esta escala CIELab esta ganhando mais espaco nos
altimos anos. Os seus parametros desta escala sdo: o parametro L* (luminosidade
ou percentagem de reflectancia, variando de 0-100, do branco ao preto; a* variacéo
entre vermelho e verde; e b* que mede a variacdo entre o amarelo e o azul
(SHIMOKOMAKI et al., 2006; RAMOS; GOMIDES, 2012).
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3.3.2 MACIEZ

A textura da carne tem sido estudada por muitos anos e diversos métodos
instrumentais tém sido desenvolvidos para substituir a anélise sensorial. Porém, os
resultados obtidos, nem sempre estdo correlacionados com o0s niveis de maciez
obtidos com os avaliadores (CASTILLO, 2006). A textura consiste em um grupo de
propriedades e é a manifestacdo das propriedades reoldgicas da carne, ou seja, a
manifestacdo sensorial da sua estrutura e a maneira com que essa reage a forca
aplicada durante o processo de mastigacdo e a outras sensacdes especificas
envolvidas (RAMOS; GOMIDES, 2012).

Qualquer fator que interfira na formacao do rigor mortis ou no consequente
processo de amolecimento da carne afetard sua maciez (CASTILLO, 2006). Fatores,
como idade do animal, localizacdo do musculo analisado e sexo do animal séo
alguns exemplos de parametros que modificam a maciez da carne, principalmente
devido a diferenca de tecido conectivo (RAMOS; GOMIDES, 2012).

O colageno é a principal proteina estrutural do tecido conectivo e embora a
sua concentracdo no musculo afete negativamente a maciez, a sua principal
contribuicdo a dureza da carne, € devido a quantidade e estabilidade das ligacdes
cruzadas, inter e intramusculares (RAMOS; GOMIDES, 2012).

Coro et al. (2003), observaram que a for¢ca de cisalhamento dos peitos de
frangos ndo estava relacionada com a quantidade de coldgeno, mas com o aumento
da concentracao de piridinolina. Ocorreu uma relacao inversa entre a solubilidade do
colageno e quantidade de piridinolina. O rapido crescimento das aves e 0 aumento
da sintese de colageno resultaram em uma carne mais macia, devido a menores
formacdes de ligacdes cruzadas.

O aquecimento prolongado do colageno (acima de 75°C) na presenca de
agua, principalmente em meio acido, converte o colageno em proteinas sollveis, a
gelatina (SGARBIERI, 1996; GOMIDE; RAMOS; FONTES, 2013). As ligacbes
cruzadas das fibras de colageno tornam-se mais estruturadas e numerosas a
medida que o animal envelhece ou em razdo de maior atividade fisica a que o
musculo é submetido, sendo necessarias temperaturas de coc¢do cada vez maiores
para quebrar ou desestabilizar essas ligacdes e tornar a carne mais macia (RAMOS;
GOMIDES, 2012).
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Para mensurar e discutir todos estes parametros de textura, a analise de
maciez da carne pode ser conduzida por métodos subjetivos ou objetivos. Os
métodos objetivos podem ser classificados por métodos fisicos e quimicos. Dentre
0os métodos fisicos, pode-se citar a andlise de textura por meio de equipamentos
especificos (texturbmetros), capazes de avaliar diversos parametros reoldgicos da
carne. Ja4 para os métodos quimicos, pode-se citar a determinacdo do tecido
conectivo (quantificacdo e estruturacdo) e da degradacgéo estrutural pelas enzimas
calpaina e catepsina (RAMOS; GOMIDES, 2012).

3.3.3 CAPACIDADE DE RETENGCAO DE AGUA (CRA)

Um dos fatores que se correlaciona com a suculéncia da carne € a
capacidade de retencédo de agua (CRA), juntamente com outros elementos, como 0
teor de gordura (em especial a intramuscular, o marmoreio) (RAMOS; GOMIDES,
2012). Além da suculéncia, a CRA também pode ser correlacionada com outros
fatores como cor, textura, firmeza e maciez (ORDONEZ et al., 2005).

A capacidade de retencdo de agua (CRA) é a capacidade da carne em
manter a totalidade ou parte de sua propria e/ou agua (ZHANG; MITTAL; BARBUT,
1995) mesmo durante a aplicacéo de forcas externas (HUFF-LONERGAN, 2002).

Ja para andlise de CRA da carne, podem-se utilizar métodos baseados na
centrifugacdo, na absorcdo livre ou por compressdo em papel-filtro, métodos
capilares, por perdas por gotejamento e perda por coccdo (ORDONEZ et al., 2005;
RAMOS; GOMIDES, 2012). Em geral, a determinacdo da CRA é feita de forma
indireta, medindo a agua eliminada ao submeter a carne ou o produto carneo a
determinada forca externa. A quantidade de &agua livre ou ligada é expressa com
referéncia a quantidade de carne muscular ou proteina muscular (ORDONEZ et al.,
2005).

Do ponto de vista industrial, baixa CRA, significa perdas econdmicas
provenientes de gotejamento excessivo durante o armazenamento, transporte,
comercializacdo, e um baixo rendimento nos produtos (RAMOS; GOMIDES, 2012).
Esta baixa CRA em aves e suinos pode ser proveniente de uma desnaturacdo
acentuada de proteinas miofibrilares, denominada como PSE (RAMOS; GOMIDES,
2012).
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3.4 ANALISE DE IMAGENS

Ao longo dos anos, varios métodos instrumentais e quimicos foram
desenvolvidos para a determinacdo da qualidade da carne e seus parametros
anteriormente relatados. Entretanto, a operacionalidades destes é dificultada, ja que
sao técnicas nao destrutivas que requerem amostras consideravelmente grandes,
demandam muito tempo na execugao (LIU et al., 2004) e grandes quantidades de
reagentes quimicos que poderiam ocasionar impactos no meio ambiente. Além
disso, os métodos tradicionais para monitoramento da qualidade dos alimentos séo
métodos em sua maioria destrutivos e demorados, e requerem uma preparacao
especifica da amostra (ELMASRY; NAKAUCHI, 2016).

Um dos grandes problemas para desenvolver um sistema de visdo
computacional (CVS) € que o mesmo tenha a capacidade de substituir os
avaliadores treinados para classificar e identificar os problemas nas inddstrias
alimenticias. O sistema precisa identificar todas as possibilidades para o problema.
Como no caso relatado por Jackman et al. (2009), o sistema precisou reconhecer as
diferentes caracteristicas da carne de Longissimus dorsi, com diferentes imagens de
marmoreio e fundos (locais da aquisicdo), para que o sistema funcionasse em
qgualquer ambiente.

O sistema de processamento de imagens € constituido por diversas etapas,
como a formacdo e aquisicdo de imagem, digitalizacdo, pré-processamento,
segmentacdo, pos-processamento, extracdo de atributos, classificacdo e
reconhecimento (CORDEIRO, 2007).

A etapa de aquisicdo €& composta por quatro componentes basicos:
iluminacg&o, camera, hardware e software (FERNANDEZ; CASTILLERO; AGUILERA,
2005). Ela tem como objetivo converter uma imagem em uma representacao
numérica adequada para o processamento digital. Esta fase compreende dois
elementos principais, o primeiro € um dispositivo fisico sensivel a uma faixa de
energia no espectro eletromagnético (Como raio ultravioleta, raios x, espectro visivel
ou raios infravermelhos); e o segundo é o digitalizador que converte o sinal elétrico
analdgico em informacéo digital (MARQUES FILHO & VIEIRA NETO, 1999).

Dentre os aspectos envolvidos nesta etapa, pode-se citar a escolha do tipo de
sensor, conjunto de lentes, e condi¢cdes de iluminacdo a serem utilizados, os

requisitos de velocidade de aquisicdo, a resolucdo, entre outros aspectos que
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auxiliam na producdo de uma imagem digitalizada (MARQUES FILHO & VIEIRA
NETO, 1999).

A préxima etapa de pré-processamento consiste em “consertar” imperfeicoes
da imagem resultante da fase anterior, aprimorando a mesma. As imperfeicoes
podem ser: caracteres interrompidos ou indevidamente conectados, presenca de
pixels ruidosos e contraste e/ou brilho inadequado (MARQUES FILHO & VIEIRA
NETO, 1999).

O armazenamento de imagens digitais € caracterizado por conter quantidades
gigantescas de bytes contendo imagens. Ele também pode ser dividido, porém em
trés categorias: armazenamento de curta duracdo de uma imagem, armazenamento
de massa para operacdes de recuperacdo de imagens relativamente rapidas, e
arquivamento de imagens para recuperacdo futura (MARQUES FILHO & VIEIRA
NETO, 1999).

O processamento de imagens digitais envolve procedimentos normalmente
expressos sob forma algoritmica. Assim, com exce¢do de aquisicdo e exibicao, a
maioria das funcbes de processamento de imagens pode ser implementada via
software (MARQUES FILHO & VIEIRA NETO, 1999).

A segmentacdo de uma imagem consiste na identificacdo e delimitacdo da
regido de interesse, e é considerada uma das fases mais dificeis no processamento
de imagens (GUNASEKARAN, 1996; MARQUES FILHO & VIEIRA NETO, 1999). E
existem varios métodos computacionais que realizam esta segmentacdo: 0S
chamados algoritmos de segmentacédo, que podem ser baseados em crescimento de
regides, agrupamento de pixels (clustering), limiarizacdo (thresholding), e muitos
outros (WANG; WANG; BU, 2011).

A etapa posterior a segmentacédo, denomina-se “extragdo de caracteristicas”.
E tem objetivo extrair caracteristicas das imagens resultantes da segmentacéo
através de descritores que permitam caracterizar com precisdo cada digito e que
apresentem bom poder de discriminacéo entre digitos parecidos (MARQUES FILHO
& VIEIRA NETO, 1999). Essas caracteristicas sao informac¢des quantitativas que séo
Uteis para realizar a interpretacéo e classificagio automatica (CROSTA, 1992).

Por fim, a Ultima etapa do sistema € o reconhecimento e interpretacdo do
processo. O reconhecimento € basicamente a atribuicdo de um rotulo a um objeto

baseado em suas caracteristicas, traduzidas por seus descritores. Ja a



29

interpretacao, atribui significado a um conjunto de objetos reconhecidos (MARQUES
FILHO & VIEIRA NETO, 1999).

Varios trabalhos (AGUILERA; BRIONES, 2005; KILIC et al, 2007;
PEDRESCHI et al., 2006; WU; SUN, 2013; RAFIQ et al., 2013; MOGOL; GOKMEN,
2104; SHAHRAKI et al., 2014) tém sido desenvolvidos em alimentos, utilizando
estas novas metodologias que tem como objetivo em sua maioria, automatizar
processos de classificacdo ou controle de qualidade substituindo profissionais
treinados (com maiores probabilidades de erros) para sistema padronizados e que
possam ser utilizados em diferentes ambientes.

Trabalhos na area de carnes também tem disso desenvolvidos, como: o
desenvolvimento de um método de segmentacdo automatica para produzir imagens
precisas do marmoreio de musculos Longissumus dorsi (JACKMAN; SUN; ALLEN,
2009); avaliacdo da umidade em camardes desidratados (MOHEBBI et al., 2009);
comparacao de dois métodos de avaliacdo de cor usando o CVS para avaliacao de
fatias de presunto (VALOUS et al., 2009); aplicacdo do CVS para estimar o teor de
lipideo em carne de aves (CHMIEL; SLOWINSKI; DASIEWICZ, 2011), classificac&o
de carnes bovinas em Normal ou DFD (CHMIEL et al., 2012); avaliacdo da cor de
carne utilizando um colorimetro, avaliadores sensoriais e um CVS (GIROLAMI et al.,
2013); avaliacdo da aparéncia de salsichas desidratadas (GIROLAMI et al., 2014),
utilizacdo para verificacdo da eficacia em detectar defeitos em m. longissumus
lumborum, como o PSE (CHMIEL; SLOWINSKI, 2016).

Todos estes trabalhos utilizaram a analise de imagem, pois € um método nao
invasivo, com maior velocidade de resposta, reprodutibilidade, e maior facilidade de

implementacéo desta tecnologia em um ambiente industrial (HAUGHEY et al., 2013).

3.5. WHITE STRIPING (WS)

Conforme relatado anteriormente, houve um aumento das preocupacoes
relacionadas com a qualidade da carne. Os geneticistas buscaram obter um frango
com alto peso de carcaga, no qual poderia ser retirada uma grande quantidade de
musculo, principalmente do peito, ja que o mesmo é considerado como uma carne
nobre, resultando em um aumento nos lucros tanto para os criadores como para 0s
processadores (OBA et al., 2006).
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As aves destinadas a producéo de carne, conhecidas como frangos de corte,
foram selecionadas para atender as necessidades de um melhor desempenho, peso
vivo, conversdo alimentar e peso do peito (GAYA; MOURAO; FERRAZ, 2006). Em
menos de 30 anos, o tempo de producéo para o desenvolvimento de um frango de
1,3 kg foi reduzido para cinco semanas. Com isto, diminuiram-se 0s custos de
producédo, em troca de maior desempenho (DRANSFIELD; SOSNICKI, 1999).

Entretanto € valido lembrar que apesar da genética proporcionar um potencial
necessario ao crescimento e desenvolvimento do animal, outros fatores como: o
meio ambiente, a dieta e o sistema de criacdo podem favorecer ou restringir esse
potencial (GOMIDE; RAMOS; FONTES, 2013). Apesar dos beneficios que esta
selecdo proporcionou a avicultura, alguns problemas relacionados com a qualidade
da carne de aves comecgaram a aparecer (PETRACCI; CAVANI, 2012).

Dentre as alteracbes musculares presentes na carne de frango, pode-se
relatar o Wooden breast, fenbmeno que altera o musculo Pectoralis major com
presenca de &areas pdlidas e dureza acompanhada de estrias brancas
(caracteristicas que podem ocorrer separadamente ou em conjunto) (SIHVO et al.,
2014). De Brot et al. (2016), verificaram que as lesdes (degeneracdo, necrose
muscular polifasica multifocal), além de presenca de fibrose intersticial e/ ou
presenca de tecido adiposo do Wooden breast apresentam semelhancas com um
outro fenbmeno, o WS.

O estudo realizado por Mutryn et al. (2015), esclareceu alguns pontos ao
utilizar o sequenciamento de RNA para tentar verificar os mecanismos envolvidos na
etiologia e patogénese dos peitos de frango, mais especificamente para o fendbmeno
Wooden Breast, que assim como o WS também possui etiologia desconhecida, e
apresentam as mesmas explicacdes de altas taxas de crescimento para o
surgimento do fenébmeno. De acordo com esses autores, 0 estudo sugeriu que
fatores como: estresse oxidativo, hipdxia e niveis mais altos de calcio e fibra
muscular associado ao rapido crescimento dos frangos poderiam desempenhar um
papel significativo na patogénese.

Outro fenbmeno com etiologia ndo definida, mas que também tem ocasionado
perdas econbmicas para o setor avicola, € o WS. Esta miopatia se caracteriza pelo
aparecimento de varios graus de estrias brancas nos cortes da coxa e peito, que
seguem a direcdo da fibra muscular (KUTTAPPAN et al., 2009; KUTTAPPAN et al.,
2013a).
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A etiologia do WS ainda é desconhecida, e existem varias contradicdes sobre
a qualidade destas carnes. Entretanto, ha um consenso de que pode estar
associado a aves mais pesadas (KUTTAPPAN et al.,, 2009; KUTTAPPAN et al.,
2013bc; PETRACCI et al.,, 2013) resultantes da intensa selecdo genética das
linhagens com menor tempo de criagéo, rapido ganho de peso, e menores custos de
producdo (PEREIRA et al., 2005; KUTTAPPAN et al.,, 2012b; PETRACCI et al.,
2014). E de que ele prejudica a aparéncia da carne de frango, e consequente a sua
qualidade devido a presenca das estrias brancas (KUTTAPPAN et al.,, 2012a;
PETRACCI et al., 2013).

Recentemente, foi estimado que 40% dos filés de frango de aves criadas em
condicdes comerciais na lItalia, consideradas de pesos médios (2,2-3,0 Kg) e
pesadas (> 3,0 Kg) foram classificadas em diferentes graus de severidade do WS. A
incidéncia do WS foi verificada na maior idade e peso de abate (LORENZI et al.,
2014).

3.5.1 SISTEMA DE CLASSIFICACAO DOWS

Kuttappan et al. (2009; 2012a), foram os primeiros pesquisadores que
desenvolveram uma classificacédo para os diferentes graus de severidade do WS. Os
pesquisadores classificaram os filés de peito de frango em trés categorias, de
acordo com a gravidade visual do WS (Figura 3): Normal, Moderado e Severo. Os
filés classificados como Normal foram as amostras que ndo apresentaram linhas ou
estrias brancas. Ja os filés classificados como, Moderado, exibiam algumas estrias
(< 1 mm de espessura) paralelas as fibras musculares, mas visiveis na superficie
dos filés de frango. E os filés classificados como Severo, exibiam as estrias brancas
paralelas as fibras musculares (> 1 mm de espessura) e eram bem visiveis na

superficie dos filés.

Figura 3 - Classificacao dos filés de peito de frango, a partir do grau de gravidade do
WS: A) Normal; B) Moderado; C) Severo (KUTTAPPAN et al. 2012a).
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J& autores franceses, Alnahhas et al. (2016), utilizaram essa escala proposta
por Kuttappan et al. (2012a) como base e realizaram algumas modificacbes: as
amostras Normais, seriam os filés sem estrias na superficie; as Moderadas seriam
correspondentes a pontuagéo (“score”) 1 com estrias de espessuras menores que 1
mm; e as Severas (ou gravemente afetadas), poderiam receber a pontuacdo de 1,5
a 2 com estrias de espessuras maiores ou iguais a 1 mm.

Os autores americanos Bailey et al. (2015), classificaram o mesmo fendmeno
em “scores” utilizando uma escala de 4 pontos de acordo com a severidade: 0 (zero)
para filés sem estrias; 1 (leve) para filés em que se nota a presenga de estrias, mas
ndo sdo tdo evidentes; 2 (moderada) para filés em que a presenca de estrias é
evidente; 3 (grave) para filés com estrias grossas e que recobrem a superficie dos
filés de frango.

Kuttappan et al. (2012a), também tentaram classificar os filés de frango com
auxilio da analise de imagem, que pode ser uma ferramenta util, jA que o WS resulta
em diferencas na coloracdo (devido a presenca de areas brancas na forma de
estrias) na superficie. Entretanto, a técnica desenvolvida apresentou algumas
limitacbes que necessitavam ser corrigidas para que ela possa ser utilizada como
ferramenta para auxiliar na classificacdo na linha de processamento automatizado

para separar os filés de frangos com diferentes graus de WS.
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3.5.2 CARACTERIZACAO

Apébs definir a escala de classificacdo dos filés de frango, Kuttappan et al.
(2012a), realizaram um teste sensorial de aceitacdo com os filés com o WS com os
trés graus de gravidade para verificar se a presenca das estrias prejudicava a
decisdo de compra dos consumidores americanos no momento da compra. E
segundo os autores, a aceitagdo dos consumidores diminui com o aumento do grau
de severidade dos filés de frango classificados com o WS. Mais de 50% dos
consumidores definitivamente/provavelmente ndo comprariam os filés com qualquer
grau da miopatia.

Uma das principais razbes para este resultado foi de que os consumidores
associaram os filés com o maior grau do WS (Severo) com produtos com elevado
teor de gordura. Assim, esses filés de frango com o maior grau de estrias poderiam
causar prejuizos as industrias, pois seriam retirados da venda em sua forma fresca
(PETRACCI et al.,, 2013), destinando-os a produtos, como: salsichas e nuggets
(PETRACCI et al., 2014).

Sabendo que o WS prejudica a aparéncia do produto, varios trabalhos tiveram
como objetivo caracterizar o WS em diferentes paises. Na Italia, Petracci et al.
(2013) verificaram que os filés de peito de frango com os diferentes graus de WS
apresentaram baixa capacidade de retencdo de agua com alta perda por cozimento.
Os autores atribuiram estes resultados com o fato de que o fendmeno poderia estar
associado com uma degeneracdo muscular muito semelhante a distrofias
musculares. Esta degeneracdo, de acordo com 0s mesmos autores, poderia resultar
em uma forte diminuicdo na concentracdo das proteinas contrateis musculares
(como por exemplo: miosina e actina), resultando em uma carne de frango com as
caracteristicas relatadas.

J& os pesquisadores americanos (KUTTAPPAN et al., 2013a), verificaram que
a ocorréncia dos graus Moderados e Severos do WS € caracterizado
histopatologicamente por lesdes miopaticas cronicas, como perda de estrias
transversais, variabilidade no tamanho das fibras, a degeneracéo flocular/ vacuolar e
lise das fibras, a mineralizagdo leve, regeneracdo ocasional, infiltracdo de células
mononucleares, lipidose, e inflamacéo intersticial e fibrose.

Os autores também observaram um aumento de lesbes polifasicas, que foi

bY

associado a composicdo centesimal da carne, principalmente ao fato de que se
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diminuiu o teor de proteinas e aumentou-se a percentagem de lipidios. A ocorréncia
de alteracBes no tecido muscular foi mais freqiente na regido cranial ventral do filé
em comparacao com outras regides (KUTTAPPAN et al., 2013a).

Resultados semelhantes para proteinas e lipidios também foram verificados
por Petracci et al. (2014), e concluiram que o teor de proteina também diminuiu com
o0 aumento do grau de severidade do WS, enquanto o teor de lipidios aumentou. Ja
para a umidade das amostras, 0 parametro ndo apresentou diferencas para 0s
diferentes graus do fenbmeno. Os autores atribuiram estes resultados, devido ao
processo de degeneracao das fibras do musculo.

De acordo com os autores, a perda de proteina seria um efeito indireto do
aumento de acumulo de lipidios intramusculares, sendo que esta diminuicdo foi
comprovada nos resultados de SDS-PAGE, no qual apresentaram reducdo da
guantidade de proteinas sarcoplasmaticas e miofibrilares. Enquanto a lipidose e a
fibrose, verificada por Kuttappan et al. (2013a), poderiam explicar o aumento de
lipidio intramuscular e coldgeno, respectivamente (PETRACCI et al., 2014).

Entretanto, esta hipotese foi esclarecida com o estudo realizado por
Kuttappan et al. (2013c), que verificaram que o aumento de lipidios intramusculares
depositados nos filés classificados como Severo ndo é resultado da lipogénese.

Os autores sugeriram uma possivel hiperplasia dos adipdcitos, proveniente de
uma lesdo muscular permanente que resultou no problema de armazenamento e
circulacdo dos triglicerideos nesses filés.

Petracci et al. (2014), também verificaram que, os indices nutricionais dos
filés com WS classificados com o grau Severo obtiveram maior teor total de energia
em comparacdo com os filés normais, enquanto que o grau Moderado néo
apresentou diferencas significativas. A proporcdo entre colageno e proteina total foi
significativamente aumentada nos filés de grau Moderado e grave em comparacao
com o grau normal, significando de acordo com os autores, que a qualidade
nutricional das proteinas dos filés com esse fendmeno foi reduzida, devido a baixa
digestibilidade do colageno e a deficiéncia de alguns aminoacidos essenciais no
tecido conjuntivo.

Em contraposicéo, os pesquisadores brasileiros (FERREIRA et al., 2014) nao
evidenciaram aumento do tecido conjuntivo nos filés de frango nos diferentes graus

de WS sugerindo que esta condicdo seria de carater agudo.
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Kuttappan et al. (2013b), constataram que os filés de frango com o fenébmeno
WS poderia estar correlacionado com as linhagens dos frangos, devido a diferenca
no padréo de crescimento. O mesmo estudo também verificou a influéncia de outros
parametros no surgimento do WS, como a cor, que no grau “Severo”, poderia ser
acompanhado pelo aumento da cor amarela (aumento do parametro b*) nos filés.
Em oposicdo, os parametros: temperatura e dieta dos animais, ndo apresentaram
variacdes nos diferentes graus do fendmeno. Os filés com os trés graus de WS néo
diferiram com relacdo aos parametros de qualidade: L* (luminosidade) e a* (verde-
vermelho), pH e perda por cozimento.

Em contraste, Petracci et al. (2013), verificaram um pequeno aumento nos
parametros a* e b*, nos filés com o grau Severo, e apresentaram pH mais elevado
em comparacao com os Moderados e Normais.

Além da caracterizacéo, o experimento realizado por Kuttappan et al. (2012b),
teve como objetivo comparar o efeito de diferentes niveis de vitamina E na dieta
sobre a ocorréncia dos trés graus do WS em filés de peito de frango, de forma a
prevenir esta miopatia. Os autores verificaram que a adi¢cdo de vitamina E utilizada
no estudo nado resultou em qualquer associacao significativa na ocorréncia do WS,
ou seja, 0 aumento do teor de vitamina E na dieta ndo poderia evitar a ocorréncia do
WS nos filés de peito de frango (KUTTAPPAN et al., 2012b).

Apesar de todos estes experimentos, atualmente sdo poucos 0s estudos
relacionados a este fendbmeno na carne de frango, quando comparados com outras
miopatias. A ado¢cdo de medidas preventivas para o controle do WS tem dificultado a
tomada de decisdes seguras para o consumidor. Devido a estas incertezas com
relagdo aos filés de frango acometidas com o WS torna-se necessério a busca de
mais informacdes sobre o tema para melhores esclarecimentos buscando a garantia

da qualidade dos produtos e permanéncia ho mercado.
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4 MATERIAL E METODOS

O item 4 foi contemplado com o desenvolvimento dos trés artigos cietificos
abaixo relacionados e serdo apresentados no item 5 RESULTADOS E
DISCUSSAO.

ARTIGO CIENTIFICO 1: EVALUATION OF PHYSICAL CHEMICAL,
MICROSCOPICALLY PARAMETERS AND FUNCTIONAL PROPERTIES OF

BROILER BREAST WITH WHITE STRIPING

ARTIGO CIENTIFICO 2: POULTRY MEAT WHITE STRIPING DEGREE
ASSESSMENT USING COMPUTER VISION SYSTEM AND CONSUMER

ACCEPTANCE TEST
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ABSTRACT

A new condition affecting the Pectoralis major m. in broiler known as White Striping
(WS) has been globally reported including Brazil. WS is characterized by the
appearance of white striations on the surface parallel to the muscle fibers direction.
The WS has been classified in two degrees of quality Moderate (MOD) and Severe
(SEV) according to visual evaluation. Normal (NORM) for samples without white
striations. Thus, this study aimed to determine the incidence and to characterize WS
in breast meat samples in a commercial slaughter processing line, and verified some
quality parameters such as: pH values, color and size dimensions, and histological
microscopic evaluation, chemical composition, total and soluble collagen, water

holding capacity, cooking loss, shear force, emulsifying capacity and fatty acid


mailto:adri.soares@uel.br

44

profile. The incidence (n = 660) was 51.67% and 31.36% for MOD and SEV samples,
respectively and 16.97% for Normal (NORM) samples. There were no differences in
pH and a * and b * parameters among three sample groups. In relation to the L *
parameter, highest values were observed in both MOD and SEV groups. SEV
samples presented higher values of cranial thickness values, diameter fibers and
presented fragmented cytoplasm and inflammatory infiltrate. SEV samples
presented, 27% more lipid fraction, 29% more in total collagen content, 26% more
cooking loss and 27% higher shear force (cooked meat) in compared to the NORM
samples. There were no differences among three meat groups in relation to WHC,
pH and emulsifying capacity analysis. Finally, there were no significant differences
between SFA, MUFA and PUFA fatty acids. The 17:1n9 and 20:4n-6 fatty acids
showed significantly higher proportions for SEV samples when compared to the
others. For the 18:1n7 fatty acid, the opposite was verified, presenting the lowest
proportions for SEV samples. 20:3n6, 22:5n6 fatty acids presented significantly
higher proportions in NORM samples. The presence of WS phenomenon not only
affects the appearance of the chicken breasts, but also changes the structure of the
chicken meat and altered the lipid and collagen content, that consequently modifies

the juiciness of the samples when cooked.

Key words: Color, Collagen, Histopathology, Myopathy, pH, White Striation

INTRODUCTION

The intense genetic selection of the strains due to the economic necessity to

slaughter poultry in less time with fast weight gain has caused animal physiological
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behavior with damages to muscle tissue (OLIVO; SHIMOKOMAKI, 2001). Some
abnormalities impair the appearance of the final product, like PSE (Pale, Soft,
Exudative) condition, Deep Pectoral Myopathy, Wooden Breast and White striping.
They represent problems for the industry and compromise the quality of the meat and
the guarantee of market maintenance.

White Striping (WS) is an abnormality characterized by the appearance of
white striations on the surface of the chicken breasts and the thighs following the
muscle fibers direction (KUTTAPPAN et al., 2009; 2012a). Kuttappan et al. (2009;
2012a) developed a visual classification, according to the degree of WS: NORM
(Normal), MOD (Moderate) and SEV (Severe).

Several studies have been conducted to characterize this phenomenon,
since it damages the appearance of the final product. Kuttappan et al. (2012a)
verified that over 50% of the consumers rejected the consumption of WS samples.
The experiment revealed the major reasons for these fillets was the appearance of
the samples that was associated with more fatty or marbled.

For this reason, WS SEV samples may be downgraded in commercial plants
and destined for manufacture of processed products (PETRACCI et al., 2014), but it
has been verified that WS was not limited to impair only the appearance, but also
physical and chemical composition.

Kuttappan et al. (2013a) verified that WS samples is histologically
characterized by chronic myopathic lesions, like: variability in fiber size, floccular/
vacuolar degeneration, lysis of fibers, mild mineralization, occasional regeneration,
mononucluear cell infiltration, lipidosis, and interstitial inflammation and fibrosis.
However, Ferreira et al. (2014) not verified proliferation of connective tissue at 42 d

of age in WS samples.
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Other meat quality parameters were also observed in WS samples. Negative
impact on water holding capacity and binding capacity of WS breast meat
(KUTTAPPAN et al.,, 2013a; PETRACCI et al., 2013) and consequently in meat
texture (PETRACCI et al., 2013), different proximate chemical composition (more fat
and less protein) (KUTTAPPAN et al., 2012b; MUDALAL et al., 2014; PETRACCI et
al., 2014), with differences in fatty acid composition (KUTTAPPAN et al., 2012b), low
content of myofibrillar proteins and high content of stromal proteins (MUDALAL et al.,
2014).

The WS chicken breasts are removed from processing lines by many
slaughterhouses to avoid rejection of consumers at the time of purchase. There is a
need to verify if this myopathy has differences in its structure and composition that
should interfere in the preparation of meat products.

Thus, this study aimed to verify the incidence of White Striping myopathy in a
commercial slaughterhouse in the south of Brazil and to verify if visual alteration of
these fillets influence on characteristics such as the size of the chicken fillets, pH,
color, and histologically, by means of optical microscopy. And characterize myopathy
in their different degrees of severity in the Pectoralis major muscle in relation to
physical and chemical parameters: chemical composition, total and soluble collagen,
water holding capacity, cooking loss, shear force, pH, emulsifying capacity and fatty

acid profile.

MATERIAL AND METHODS

Classification of samples
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The experiment was conducted in plant located in the south of Brazil. The
chickens of 47 days of ages, both genders were slaughtered following the standard
industrial practice: hanging, electrical stunning, bleeding, scalding, defeathering,
evisceration, cooling in chiller, deboning and refrigeration. The chicken breast meat
fillet (n=660) were collected and classified according Kuttappan et al. (2009, 2012a)
by visual evaluation: NORM (no white striations on the surface of chicken breast);
MOD (when white striations, parallel to the muscle fibers, were apparent on the
surface and < 1 mm thick); and SEV (when white striations >1 mm thick and covering
a large part of the surface of chicken breast).

The chicken breasts were classified and stored at 4 °C for 24 hours for
analysis inside the commercial plant: color (L*, a* b*) and the size dimensions:
length, width and thickness. After collection and classification, 25 samples of each
WS degree (n = 75) were transported to the laboratory and duly prepared for the
analyzes of optical microscopy with two different stainings. Others 10 samples of
each grade were transported to the laboratory and analyzed for water holding
capacity (WHC), cooking loss (CL), shear force, chemical composition, total collagen
content and soluble collagen content. And others 20 samples of each grade (n = 60)

were and analyzed for pH, emulsifying capacity and fatty acid profile.

Size measurement of fillets

The dimensions (mm) of fillets of chicken breast were measured in duplicate:
the length (L) (the longest point), the width (W) (at widest point), thickness of the

cranial region (T1) and thickness of the caudal region (T2). The measurements were
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made using a digital caliper Digimess 300 mm with 0.01 mm resolution (MEHAFFEY

et al., 2006).

Color measurement

The color analyzes were performed 24 hours post-mortem in sextuplicate
using the colorimeter Minolta® CR-400 with illuminant D65 and 10° angle of view,
taking six different points of breast (3 points each side) by reading (ventral cranial

side) to determine the color parameters (L*, a*, b*) according to the CIELab system.

Optical microscopy

For the histological analysis of chicken breasts classified in NORM, MOD and
SEV, they were cut and fixed in formalin solution for 24h. The samples were
dehydrated in a series of ethanol with increasing concentrations, diaphanized in xylol,
embedded in paraffin and cut into microtomes with a thickness of 5 um.

The sections were submitted in two methodologies: Hematoxylin and Eosin
(HE) staining and evaluated for the general morphology of the tissue and the degree
of cell shrinkage, according to Dubowitz and Brooke (1973). And staining by
Masson’s Trichrome, to show the nuclei (black staining), cytoplasm / keratin /
intercellular fibers (red staining), and collagen (blue staining). The program MOTIC
Image Plus 2.0 ML® (MOTIC Image Plus Motic Instruments Richmond, Canada) was
used to obtain the images and measure the cell diameters. In each image the
diameter of 10 cells with 40x objective lens was randomly measured, totalizing 250

cells per group of chicken breasts.
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Biochemical and Physicochemical parameters

Proximate chemical composition

The chemical composition was performed in triplicate as described in
methods A.O.A.C (2012). The moisture was determined by drying at 105 °C in an
oven to constant weight; ash by incineration in a muffle at 550 °C; lipids were
extracted in a Soxhlet with petroleum ether after acid hydrolysis. The nitrogen
content was determined by the Kjeldahl method using the conversion factor protein of

6.25.

Total collagen content

Total collagen content was extracted according to the method of Woessner
(1961) in duplicate. The collagen content was calculated from hydroxyproline content

using the coefficient 8.0 (Kolar, 1990).

Soluble collagen content

The soluble collagen was extracted in duplicate according to the modified
method of Oliveira, Soares and Antunes (1998). Samples (2.5 g) were homogenized
for 1 minute with 20 mL of deionized water and it was heated for 60 minutes at 80 °C.
Then the samples were homogenized at 22,000 rpm Ultra Turrax and centrifuged for

15 minutes at 4000 rpm. The supernatant was filtered and 30 mL of 6 mol.L-* HCI
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was added for hydrolysis as described previously. Finally, the soluble collagen was
determinate as described for total collagen content.

Water holding capacity measurement (WHC)

The determination of WHC was performed in duplicate 24h post-mortem
(Hamm, 1960), which uses the measurement of loss of water released when
pressure is applied (10 kg for 5 minutes) on muscle tissue (approximately 2 g). The
WHC was determined by the exudate water weight through the following equation:

100 - [(initial weight —final weight/initial weight) x 100].

Cooking Loss (CL)

The CL was determined in duplicate following the methodology described by
Honikel (1998). Samples were packed in plastic bags and submitted to cooking in a
water bath until internal temperature reached 75 °C. CL was expressed as the weight

difference before and after cooking.

Shear force (SF)

The shear strength was measured in five replications in the same samples of
CL analysis, following the instructions of Bratzler (1949). The samples (cooked) were
cut into 1 x 1 x 2 cm (height, width, length) and subjected to shear force with the
blade Warner Bratzler (WB) with speed 5 mm/s, coupled with texturometer TA-XT2i.
The results were expressed in Newton corresponding to the maximum force required

to cut the sample in the transverse direction to the fibers.
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pH

The determination of pH was performed after 24h post-mortem in triplicate
with the Testo potentiometer, equipped with the insertion electrode, as described by

Boulianne & King (1995).

Emulsifying Capacity

An aliquot of 25 g of sample were homogenized in 100 mL of 1 mol.L-* NaCl
solution for 2 minutes in a vortex homogenizer. 2.5 g of this initial solution was
weighed into a beaker and 20 mL of distilled water and 10 mL of soybean oil were
added. Then the solution was placed in the Britannia blender (Diamond Black), in low
spin for 15s, and then the addition of soybean oil was started with a burette (10mL
.min-1) until the emulsion was broken. The break point of the emulsion was detected
visually by the drastic reduction of viscosity. This analysis was performed in triplicate
by analysis. The emulsifying capacity was expressed in mL of added oil (until

emulsion breaking) per 100 mg of protein (SWIFT, 1961 modified).

Fatty Acids Profile

Lipid extraction followed the methodology of Bligh; Dyer (1969) with
modifications. Hydrolysis and transesterification of fatty acids followed method 1SO
5509: 1978. The fatty acid methyl esters were analyzed using Shimadzu
Chromatograph (model 17A - Gas Chromatograph) with flame ionization detector,

capillary column (100 m x 0.25 mm) with 0.25um cyanopropy! polysiloxane CP SlI
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88. The ramp column temperature was programmed to: 65 °C for 15 minutes; 10
°C.mint until 165 °C and held for 2 minutes; 4 °C.min"t until 185 °C and held for 8
minutes; 4 °C.mint until 235 °C and held for 5 minutes. The detector and injector
were maintained at 260°C, with 1/100 Split. The gas flow was 1,2 mL.min? for the
drag gas (H2), 30 mL.min! for the auxiliary gas (N2), 30 and 300 mL.min-! for the
flame gases, H2 and synthetic air, respectively. Identification of fatty acids was based
on methyl esters of fatty acids (Sigma). The area of the peaks was determined by
integrator coupled to the gas chromatograph. The results were expressed as relative

percentages of the identified fatty acids

Statistical analysis

The statistical analyses were performed in Statistica program version 7.0. The
results were submitted to analysis of variance (ANOVA) followed by Tukey test at 5%

probability to compare the results among three meat quality groups.

RESULTS AND DISCUSSION

1. Occurrence of WS

Table 1 presented comparative values of WS (MOD and SEV) and NORM
breast meat obtained in different countries in relation to the results described in this
work. The incidence of WS breast meat was higher (51.67%) for MOD group and
31.36% for SEV group. The WS incidence reported here was the highest when

compared to others authors (KUTTAPPAN et al.,, 2013a; PETRACCI et al., 2013;
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FERREIRA et al., 2014; LORENZI et al., 2014; ALNAHHAS et al., 2016). The MOD

incidence of this work was similar to these obtained in the USA by Kuttappan et al.

(2013a). However, Ferreira et al. (2014) reported the lowest WS occurrence of 9.84%

(MOD + SEV) despite being in the same country of this research.

Table 1 - Comparative values of WS (MOD and SEV) and NORM breast meat

obtained in different countries

Reference Country Total NORM (%) MOD (%) SEV (%)
number
Kuttappan et United n=739 44.20 47.50 8.30
al., (2013a) States
Petracci et Italy n=28000 88.00 8.90 3.10
al., (2013)
Lorenzi et al. Italy n=35000 57.00 36.80 6.20
(2014).
Ferreira et Brazil n=2512 90.16 7.38 2.46
al., (2014)
Alnahhas et France n=1349 49.30 36.70 14.00
al. (2016)
Present work Brazil n =660 16.97 51.67 31.36

WS = White Striping; NORM= Normal; MOD=Moderate; SEV=Severe

2. Color and pH analysis

For pH and a* and b* values did not show any significant difference among

the three meat groups, while the L* values were significantly higher for the groups
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with striations (MOD and SEV) when compared without striations (NORM) (Table 2).
Several researches related a relationship between breast meat color and pH
(BARBUT et al., 1993; ALLEN et al., 1997; FLETCHER, 1999; SOARES et al., 2002).

According to Swatland (2008), decreased of pH results in an increase of
birefringence, with less light being transmitted through the fibers and more light being
dispersed. However, in this study this relationship did not appear with WS samples.
Alnahhas et al. (2016) had similar results for L* parameter, with higher values on WS
samples when compared with NORM breast fillets; and for a* and b* parameters with
no significant differences.

However, previous studies reported an increased for b* and a* parameters in
WS samples and higher pH values for the SEV group (PETRACCI et al., 2013).
Kuttappan et al. (2013a), observed an increase in the values of the b* parameter for

the SEV group and no difference in the L* and a* parameters and pH values.

Table 2 — Values of pH, color (L*, a*, b*) for chicken breasts classified in different WS

degrees
NORM (n=112) MOD (n=341) SEV (n=207)
pH 5.99 + 0.152 6.00 £ 0.142 5.99+0.132
L* 56.91 + 2.68P 57.32+2.713 57.83+2.772
a* 1.83+1.042 1.85+1.102 1.62 +0.962
b* 8.37 £ 2.012 7.94+1.772 8.29 £ 1.752

*Means followed by different letters on the same line differ by Tukey test at the 5% significance level (P<0.05).

** WS = White Striping; NORM= Normal; MOD=Moderate; SEV=Severe
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3. WS dimensions

Cranial thickness (T1) measurement presented high values for SEV group
and low values for NORM group and intermediate values for MOD group (Table 3).
The others dimensions measured did not differ among three meat groups (Table 3).
Kuttappan et al. (2009) found higher values of width and thickness of cranial, middle
and caudal for the SEV group when compared to other groups of WS.

Lubritz et al. (1997) supports this idea and revealed that the increase in the
fillet thickness have seven times more impact on weight fillets than the same
increase in parameters such as length and width fillets. Kuttappan et al. (2013a) also
found that the risk of WS occurrence in chicken fillets (MOD and SEV) is associated
with heavier birds with thicker fillets. Thus, it emphasizes the relationship between
the increases in growth rate, muscle size bird with an increased incidence of

myopathy in muscle tissue (DRANSFIELD; SOSNICKI, 1999).

Table 3 — Dimensions of chicken breast meat classified in different WS degrees

Dimensions (mm) NORM (n=112) MOD (n=341) SEV (n=207)
Cranial thickness 28.91 £5.72°¢ 29.10 + 5.85° 30.69 £ 5.242
(T1)

Caudal thickness 8.51 + 3.012 8.86 + 2.882 9.47 +5.732
(T2)

Length (L) 145.52 + 11.302 145.24 + 11.922 147.71 +£ 12.892
Width (W) 161.35 + 13.252 162.42 + 13.152 161.48 + 11.912

* Means followed by different letters on the same line differ by Tukey test at the 5% significance level (P<0.05).

** WS = White Striping; NORM= Normal; MOD=Moderate; SEV=Severe
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4. Histological evaluation

The histopathological evaluation of the breast muscle stained with HE and
cross section (Table 4), verified a larger diameter of the fibers (p < 0.05) in SEV
samples. In addition to presenting the largest diameters, there was a greater space
between the muscle fibers, as it happens with the PSE phenomenon. Even though
no changes were observed in the water retention capacity for this myopathy,
according to previous studies, in the same way as with PSE meats (BARBUT et al.,

2005), which affect the processing of meat products.

Table 4 — Fiber diameter (cross section, increase 40x) of chicken breast meat

classified in different WS degrees

NORM MOD SEV

(n=250 fibers) (n=250 fibers) (n=250 fibers)

Fiber diameter (um) 153.84 + 31.33 157.36 + 30.51° 164.70 + 26.012

* Means followed by different letters on the same line differ by Tukey test at the 5% significance level (P<0.05).

** WS = White Striping; NORM= Normal; MOD=Moderate; SEV=Severe

The histopathological evaluation of the breast muscle were verified the
presence of alterations such as fragmented cytoplasm and inflammatory infiltrate in
SEV samples (Fig 1 and 2) when compared to NORM sample (Fig 3). Russo et al.
(2015), also verified lesions in WS samples and they were affected by a multifocal
and polyphasic degenerative and necrotizing myophaty. This characteristics were

also proven by Kuttappan et al. (2013b).



57

According to these authors the histopathological analyzes showed a
degenerative myophatic lesions along with chronic replacement of muscle damaged
with adipocytes and fibrosis in muscle tissue in SEV samples. They observed
microscopic lesions such as flocular/ vacuolar degeneration, lysis, mild
mineralization, occasional regenaration, and interstitial inflammation along with
fibrosis.

Like these authors, the present study also found several fragmented muscle
fibers in the SEV samples. In a previous study, we found significant differences in the
chemical composition of WS chicken breasts. Samples classified as SEV presented
higher values of lipids and higher content of collagen. However, when it was verified
by Masson's trichrome staining, this increase was not verified in fibrosis and lipidosis
as reported by Kuttappan et al. (2013b).

These results were similar to Ferreira et al. (2014), researchers who also
carried their research in Brazil. For them no atrophy of the fibers was observed. And
for MOD and SEV samples there was no evidence of connective tissue proliferation
in the histological sections. However, for the same researchers, MOD and SEV
samples showed differences in muscle fibers integrity, with evidence of myofibrillar
degeneration. And up to myofibrillar degeneration, moderate multifocal necrosis or
diffused and strong necrosis in the SEV samples.

This difference in results can be attributed to the classification system of WS
samples. All reported studies rated their samples visually at the three severity
degrees: NORM, MOD or SEV. But, another myopathy could be related to WS. It is
known that the phenomenon Wooden Breast is visually hard, outbulging and pale

and often accompanied with WS (SIHVO et al., 2014).
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Sihvo et al. (2014) verified that samples classified as Wooden Breast with
White striping histologically exhibited moderate to severe polyphasic
myodegeneration with regeneration as well as a variable amount of interstitial
connective tissue accumulation or fibrosis. Then, a sample could be classified as
Severe, presenting striations on its surface, and presenting or not, the other typical

characteristics of the Wooden Breast.

Fig 1. Histological section of skeletal muscle (SEV samples). Muscular fibers in
longitudinal section with muscular fibers with fragmented cytoplasm. Masson's

Trichrome Staining (Bar = 50 um).

Fig 2. Histological section of skeletal muscle (SEV sample). Muscular fibers in
longitudinal section with muscular fiber with fragmented cytoplasm and inflammatory

infiltrate (arrow). Masson's Trichrome Staining (Bar = 50 um).

Fig 3. Histological section of skeletal muscle (NORM sample). Muscular fibers in

longitudinal section with normal aspect. Masson's Trichrome Staining (Bar = 50 um).

5. Proximate chemical composition

The moisture analysis, protein, ash and soluble collagen showed no
significant differences between the different degrees of WS (Table 5). However, lipids
and total collagen contents were significantly (p < 0.05) higher in the SEV group
(Table 5).

Recent studies have reported differences in histological samples with

striations on the surfaces of chicken fillets. Kuttappan et al. (2013b) reported that the
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WS could be associated with a very rapid rate of growth that would have resulted in
excessive increasing or tissue ischemia, resulting in damage to the muscle and early
reparative responses. These responses, according to the authors, could have failed
and took a different phase leading to an accumulation of fat degeneration, and thus
explaining evidence lipidosis and fibrosis in the samples with WS, corroborating the
results found in chemical composition.

Petracci et al. (2014), which despite of a significant decrease in protein
content, also had higher values for lipids and collagen to the SEV group, and
attributed these results, a degenerative process of muscle fibers, as well as Ferreira
et al. (2014). Mudalal et al., (2014) despite not classify samples with WS MOD or
SEV also reported an increase in the content of lipid and collagen to chicken samples
with striations, but noted a lower protein content and ash when comparing to NORM
samples.

The total collagen/protein ratio was higher for SEV degree samples when
compared to others samples. This increase was similar to that found by Petracci et
al., (2014), in which the nutritional quality of the protein of chicken meat samples are
reduced due to the low digestibility and collagen deficiency of essential amino acids
in connective tissue (ROGOV et al., 1992; ZARKADAS, 1992; TRINDADE et al.,

2004).

Table 5 - Proximate chemical composition, total and soluble collagen,

collagen/protein ratio of the NORM and WS samples

Proximate NORM (n=10) MOD (n=10) SEV (n=10)

Chemical




Composition

Moisture (%)

Protein (%)

Ash (%)

Lipids (%)

Total Collagen

(g.100%)

Soluble Collagen

(9.100)

Collagen: protein

ratio

76.31+1.772

21.45 +1.502

0.94 +0.102

1.00 £ 0.07°

0.82 £ 0.16"°

0.36 £0.192

3.86 + 0.81°

75.60 +1.882

21.92 +1.822

0.96 +0.122

1.03 £ 0.14°

0.89 + 0.31°

0.34 + 0.092

4.04 £1.32%

75.66 +1.632

21.80 +1.552

0.98 +0.102

1.27 £0.162

1.16 £ 0.272

0.29 +0.142

5.40 +1.512

* Means followed by different letters on the same line differ by Tukey test at the 5% significance level (P<0.05).

** WS = White Striping; NORM= Normal; MOD=Moderate; SEV=Severe

6. WHC, CL, SF evaluation
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The CL values were higher for the SEV group when compared to MOD and

NORM samples (Table 6). Mudalal et al. (2014), although they did not classify the

WS samples at levels of severity, also verified a significant increase in the

percentage of CL in WS samples when compared to NORM samples.

Petracci et al. (2013) also found higher CL values for SEV group and

reported that this group has a reduced ability to retain liquid during cooking, due to
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impaired of protein functionality. However, Kuttappan et al. (2013a), did not found
significant differences among different degrees of severity of the WS.

In relation to WHC the WS did not influence (Table 6), the WS seems not
cause huge metabolic abnormalities in muscle, which reflect the WHC, as also
observed by Kuttappan et al., (2013a), since the pH did not show significant
differences. Unlike other phenomena, such as the PSE (Pale, Soft and Exudative) in
which the fillets have a paler appearance as a result of a lower pH value
(SWATLAND, 2008), which compromises the functional quality of raw materials due
to denaturation of myofibrillar proteins, impairing industrial productivity (OLIVO et al.,
2006).

The SF values were higher for SEV group when compared to other degrees
of WS (Table 6)., similar results were obtained by Petracci et al. (2013) that observed
higher values of SF for the SEV group in marinated cooked samples and raw chicken
samples. However, Kuttappan et al. (2013a) and Mudalal et al. (2014), found no
difference between the WS classifications on the samples cooked by Meullenet-
Owens Razor Shear (MORS) energy values and Shear Force (kg), respectively.
Sanchez Brambila et al. (2016) evaluated the sensory attributes of texture in chicken
breast fillets WS cooked in their different degrees of severity with trained judges and
reported significant differences in cohesiveness, hardness and chewiness to the SEV
group compared to other classifications, highlighting the change in texture caused by
WS when cooked.

The texture results of the cooked samples can be attributed to the results of
CL as the samples of the SEV group have high water losses by cooking, that affect
the texture, reinforcing the idea that the WS not only affects the appearance of the

fillets chicken, but also the quality.
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Table 6 — Biochemical parameters of chicken fillets visually classified in NORM or

WS (MOD/SEV)

NORM (n=10) MOD (n=10) SEV (n=10)
CL (%) 22.67 + 4.90P 22.69 +5.14P 30.55 + 7.002
WHC (%)  67.63 + 1.682 66.85 + 3.012 65.98 + 1.90°
SF (N) 23.57 + 3.65P 25.36 + 6.09° 32.17 + 6.822

* Means followed by different letters on the same line differ by Tukey test at the 5% significance level (P<0.05).
** CL = cooking loss, WHC = water holding capacity, SF = Shear force

*** WS = White Striping; NORM= Normal; MOD=Moderate; SEV=Severe

It was observed that there were no significant differences (p < 0.05) between
the classifications for both analysis (Table 7).

Diaz-Vela et al. (2008), the more alkaline the pH of the meat proteins, the
greater their emulsification capacity. The results of the initial pH analysis of the
analyzed samples did not present significant differences for the groups tested,
without influencing the analysis of the emulsification capacity.

In addition, it is known that WS samples show differences in the centesimal
composition (MUDALAL et al., 2014; PETRACCI et al., 2014). A lower amount of
protein and a higher proportion of lipids in the muscle tissue of samples classified as
Severe were not sufficient to influence the emulsification capacity. Silva et al. (2012),
stating that the higher the protein concentration, greater the encapsulation capacity
of the fat globules and, therefore, greater emulsification capacity.

It is known that the samples visually affected by WS myopathy are destined to
manufacture products so as not to influence the purchase of the consumers. And
according to the present study, the use of these meats not modify the structure of the

products, like a PSE meat, for example. According to Kissel et al. (2009), the chicken
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mortadellas produced with PSE meat require additives to enhance the functional

properties of the PSE meat.

Table 7 — Results of pH and EC of chicken fillets visually classified in NORM or WS

(MOD/SEV)
Samples NORM MOD SEV
(n=60)
pH 5.87+0.102 5.91+0.122 5.92+0.092
EC 29.80 +£2.382 29.24+1.722 29.43+2.692

(mL.100 mg?)

* Means followed by different letters on the same column differ by Tukey test at the 5% significance level (P<0.05).
** EC = Emulsification capacity

*** WS = White Striping; NORM= Normal; MOD=Moderate; SEV=Severe

The highest proportion of fatty acids in the samples analyzed were for 16:1n9
acid; 16:0; 18:3n6 and 18:2n6 (linoleic acid), even though there were no significant
differences between the degrees studied (Table 8). Among them, the highest
percentages belonged to linoleic acid, essential fatty acid for humans, since it exerts
an important function in the maintenance of health and must be obtained by the diet
of the individual (NOVELHO; FRANCESCHINI; QUINTILIANO, 2008; CHOQUE et
al., 2014).

The 17:1n9 (8-heptadecenoic acid) and 20:4n-6 fatty acids showed
significantly higher proportions for SEV samples when compared to the others (Table
8). For the 18:1n7 fatty acid (cis-vaccinic acid), the opposite was verified, presenting

the lowest proportions for SEV samples, and the fatty acid 20:3n6 (8,11,14-
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eicosatrienoic acid) and 22:5n6 presented significantly higher proportions in NORM
samples (Table 8).

There were no significant differences between saturated (SFA),
monounsaturated (MUFA) and polyunsaturated (PUFA) fatty acids (Table 8).
Different from the results found by Kuttappan et al. (2012b), who verified that NORM
samples had high percentages of SFA and low percentage of MUFA when compared
to samples classified as SEV. For these researchers, the myristic, pentadecanoic,
and arachiddic acids were greatest in SEV fillets, whereas palmitic and stearic acids
were greatest in NORM fillets. Oleic and Elaidic acids were greater in SEV fillets.

Finally, the PUFA/ SFA ratio indicates the quality of lipids, the higher this ratio,
better the lipid quality due to the higher PUFA content. And according to the Food
and Agriculture Organization of the United Nations (FAO, 2010) recommends this
ratio: 0.4, as a high intake of SFA can lead to the development of cardiovascular

diseases. In the present study, all groups studied presented values above 0.4.

Table 8 — Fatty acid profile from chicken fillets visually classified in NORM or WS

(MOD/SEV)
Fatty acids NORM MOD SEV
14:1 0.609 £ 0.1372 0.586 + 0.108? 0.656 + 0.0602
15:0 4.387 £ 0.8552 4272 £1.0472 4.317 £ 10222
15:1 0.092+ 0.0292 0.093 + 0.0242 0.111 £ 0,0222
16:0 17.129 + 2.6172 17.145 + 2.3362 16.282 + 1,6652



16:1n9

17:0

17:1n9

18:0

18:1n7

18:1n9

18:2n6

18:3n3

18:3n6

20:3n6

20:4n6

20:5n3

21:0

22:4n6

22:5n3

22:6n3

22:5n6

23:0

12.570 +6.0432

0.121 + 0.0212

4.441 +0.783

3.314 + 0.9092

6.751 +1.0872

0.156 + 0.0432

20.547 £ 0.9612

0.192 £ 0.0722

18.655 +2.1382

0.359 + 0.2042

0.315 + 0.241°

0.150 + 0.0202

1.448 + 0.8992

0.434 +0.3172

0.937 + 0.8622

0.535 +£0.2432

0.991 + 0.6612

1.868 + 0.6862

11.294 + 6.3582

0.128 + 0.0242

4.633 + 1.386"

3.475 +0.7252

6.765 + 1.0342

0.161 + 0.0352

21.482 +2.8182

0.197 + 0.0692

19.440 £1.2732

0.299 + 0.121°

0.327 £ 0.106°

0.150 *+ 0.0362

1.814 + 0.2442

0.404 + 0.1512

0.697 +0.3972

0.514 + 0.2492

0.571 + 0.228°

1.439 £ 0.9222

12.772 + 6,0042

0.123 + 0,0342

5.265 + 0.8872

3.404 +0.7272

3.856 + 1.108

0.144 + 0.0162

23.289 +1.5292

0.229 + 0.0522

19.222 +1.2902

0.265 + 0.058°

0.460 + 0.1592

0.167 + 0.0122

1.836 £ 0.1572

0.01 £ 0.2202

0.517 +0.2332

0.516 £ 0.1912

0.490 + 0.180°

1.661 +0.2382




SFA*

MUFA**

PUFA®

PUFA/MUFA

PUFA/SFA

né/n3

28.265 *+ 6.2622

24.610 + 4.9552

43.060 + 8.0782

1.7502

1.5232

25.3542

28.272 + 6.2682

23.531 + 4.5362

44177 + 8.4712

1.8772

1.5632

32.7792

27.622 +5.9042

22.803 + 4.8892

45.565 + 8.8542

1.9982

1.6502

39.9102

a-b Means followed by different lowercase letters on the same line differ by Tukey test at 5% probability (p < 0.05).

* SFA — Saturated Fatty Acid;

*MUFA — Monounsaturated Fatty Acid;

***PUFA — Polyunsaturated Fatty Acid.

*+% WS = White Striping; NORM= Normal; MOD=Moderate; SEV=Severe

CONCLUSION
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The incidence of WS in the slaughterhouse studied was greater than 50% in the most

severe degree of myopathy. The WS phenomenon macroscopically affect the

chicken breasts, with the presence of striations, and changes in luminosity parameter

and cranial thickness, as well as changes in microscopic structures, like diameter

fibers changes, and presence of fragmented cytoplasm and inflammatory infiltrate.

The presence of WS abnormality modifies the broiler breast quality by influencing in

particular the lipid and collagen content, and consequently affects the juiciness of the

cooked samples. Therefore, there is the necessity for further studies to apply affected

WS chicken fillets in the development of meat products and identify the causes of

myopathy to adopt preventive measures.
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Appendix

Fig 1. Histological section of skeletal muscle (SEV samples). Muscular fibers in
longitudinal section with muscular fibers with fragmented cytoplasm. Masson's

Trichrome Staining (Bar = 50 um).
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Fig 2. Histological section of skeletal muscle (SEV sample). Muscular fibers in
longitudinal section with muscular fiber with fragmented cytoplasm and inflammatory

infiltrate (arrow). Masson's Trichrome Staining (Bar = 50 um).

Fig 3. Histological section of skeletal muscle (NORM sample). Muscular fibers in

longitudinal section with normal aspect. Masson's Trichrome Staining (Bar = 50 um).
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Abstract

White striping (WS) affects the quality and the appearance of raw poultry meat. This
phenomenon is identified by visually subjective observations, although they are susceptible to
errors during these processes. This study introduces the use of a computer vision system to
classify WS broiler breast fillets automatically. It aims to evaluate consumer acceptance and
purchase intention of broiler breast fillets with different degrees of WS. The samples for
image analysis were classified by trained specialists, according to severity degrees regarding
visual and firmness aspects. These samples were obtained with a digital camera, and 25
features were extracted from these images. Machine learning algorithms were applied aiming
to induce a model capable of classifying the samples into three severity degrees. In addition,
two sensory analyses were performed: 75 samples properly grilled were used for the first

sensory test, and 9 photos for the second. All tests were performed using a 10-cm hybrid
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hedonic scale (for the acceptance test) and a 5-point scale (for purchase intention). The
Information Gain metric ranked 13 attributes. However, just one type of image feature was
not enough to describe the phenomenon. The proposed system has proved to be adequate for
the classification of WS samples, and may become a useful method for fast and accurate
assessment of broiler samples in a large scale. The sensory analysis of acceptance showed that
WS myopathy negatively affects the tenderness of the broiler breast fillets when grilled, as
well as the appearance attribute of the raw samples, which eventually influenced purchase

intentions.

Keywords: appearance, broiler breast fillet, classification, digital image, sensory analysis.

1. INTRODUCTION

White striping (WS) has been causing concern to the poultry industry recently due to
meat quality effects, leading to American consumers' rejection owing to the product
appearance (Kuttappan et al. 2012). WS is characterized by the appearance of white striations
on broiler breast fillets and thighs, parallel to the direction of the muscle fibers (Kuttappan et
al. 2009; 2012). WS classification proposed by Kuttappan et al. (2009; 2012) based on the
severity: Normal (NORM), Moderate (MOD) or Severe (SEV). However, this visual
classification is subjective; i.e., anyone can underestimate the size or amount of striations in
the sample surface.

Recently, new techniques have been used to evaluate meat quality in a fast and reliable
way. Image analysis has gained interest in analytical chemistry applications due to its
simplicity, low cost and speed of response (Du and Sun 2004; Barbin et al. 2016).

Additionally, Computer Vision Systems (CVS) have been applied in several meat industry
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applications to eliminate human bias during visual evaluation (O'sullivan et al. 2003; Chmiel
et al.,, 2012). Many of CVS apply Machine Learning (ML) techniques to simulate human
decision making. In fact, ML methods have been widely used for food classification and
evaluation of spoilage, frauds, color, or to determine the most relevant parameters to assess
meat quality (Sun et al. 2012; Kamruzzaman et al. 2013; Argyri et al. 2013; Barbon et al.
2016).

The poultry processing industry would benefit from a fast and precise system that
could evaluate poultry breast by image, and classify samples according to striation quantity
and distribution, replacing the current subjective evaluation of WS assessment. The objective
of this study was to determine the efficacy of using a CVS to classify broiler breast fillets in
three degrees of WS (the most appropriate ML approach and the best set of image attributes to
explain WS), as well as to evaluate consumer acceptance and purchase intent to these

samples.

2. MATERIALS AND METHODS

2.1. Data samples and trained panelist assessment

For the present study, 20 poultry breast fillets for each degree of severity (mixed sex,
47 days old) (total of 60 samples), were collected and transported under refrigeration to the
laboratory for further analysis. These samples followed the conventional steps of slaughter
(hanging, electrical stunning, bleeding, scalding, defeathering, evisceration, cooling in chiller,
deboning and refrigeration) in a commercial line in Southern Brazil.

The samples were evaluated in three severity degrees, according to Kuttappan et al.
(2009; 2012. These degrees were: NORM (no striping on the surface), MOD (white lines,

parallel to the muscle fibers with < 1 mm thick but easily visible on surface) and SEV (white
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lines, parallel to muscle fibers, which were generally > 1 mm thick and very visible on the
fillet surface). In addition to a visual classification, a tactile evaluation was made to remove
possible doubts among MOD and SEV degrees. SEV samples showed a decrease in
tenderness when compared to MOD samples. This study was approved by the Ethics
Committee and Animal Welfare (CEUA / UEL, the home institution - Protocol:
3159.2016.00).

The samples were digitalized using a digital single-lens reflex camera, model Nikon
D7000 (CMOS sensor, 16.2 megapixels, 4.928 x 3.262 pixels). The camera was placed above
the samples, at a distance of about 37 cm. For each meat sample, two photographs were taken
aiming to choose the best capture. All camera parameters were set to automatic configuration.
In this manner, our dataset was made up of a total of 120 images. Some images refer to the
same sample and were used to validate image feature ability to classify the samples in a

degree of WS.

2.2. Software tools

Matlab was used to perform image processing routines for segmentation and to extract
features from images. All the classification models were induced in R platform, with the
random Forest, kernlab, RSNNS, and frbs packages for Random Forest, Support Vector
Machine, Artificial Neural Network and Fuzzy Rule-Based System techniques, respectively.

In addition, the caret package was used to optimize the hyper-parameter choice during
the model induction, and the FSelector package to choose the best subset obtained from image

features.

2.3. General Overview of the Approach
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Figure 1 presents an overview of our proposed system. The first step after meat sample
WS assessment (by a trained panelist) was image acquisition (Step 1). The digital image was
segmented (Step 2), and an illumination normalization process was performed (Step 3). The
extremely bright pixels in the meat region, which were removed in segmentation (Step 2),
were filled with information of neighbor pixels (Step 4). After, the image was subjected to a
contrast enhancement technique in order to highlight the WS properties (Step 5).

From the resulting image, 25 features were extracted (Step 6), aiming to describe the
WS behavior over meat surface. The most relevant subset of image features was investigated
by a Feature Selection algorithm in these experiments. Using the panelist score, four
supervised Machine Learning algorithms were tested (Step 7): Random Forest (RF), Support
Vector Machine (SVM), Multilayer Perceptron (MLP), and a Fuzzy Rule-based System
(FRBS). The mentioned steps of the proposed system will be explained in details in the

following sections.

[Fig. 1 Overview of the Proposed System]

2.4. Image Acquisition

A common digital camera was used to capture the images. A blue paper was used as a
standard background for image acquisition, aiming to get better contrast between the region of
interest and other objects. In Fig. 2, it is possible to observe white rulers near the meat sample
so that they can offer further information about size and color calibration values, as described
in Barbin et al. (2016).

Due to the illumination normalization step, which will be described in Section 2.6, the

environment illumination was not controlled for photographing. In fact, the room
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environment light was used, consisting of fluorescent lamps and solar light. With the adoption
of this approach, it was possible to minimize the effects of heterogeneous incident light over

the regions of interest.

2.5. Segmentation

To accomplish image feature extraction from meat samples, firstly, it was necessary to
segment the region of interest. Then, the segmentation step (number 1 in Fig. 1) started by
background subtraction. It was done using a threshold on H channel from HSV (Hue,
Saturation, and Value) color space. The threshold could be obtained using Otsu's technique,
since it is one of the most accurate and widely used methods for image segmentation (Sahoo
et al. 1988). A sample image before background subtraction is presented in Fig. 2(a). In Fig.
2(b), the result for background subtraction is shown.

Extremely bright pixels correspond to high intensities in each R, G and channels.
These pixels are related to bright spots over the meat sample, a result of the surface reflex and
the white rulers in the scene. They could be removed by a threshold value of each RGB
channel, since they are not regions of interest for analysis. Removing pixels was the choice,
since they had greater intensities than the average value of each channel.

Figure 2(c) shows the resulting image after the bright pixel removal. Some remaining
non-meat areas were removed using a region growing algorithm. A binary mask was created
with only two values: white, representing the meat, and black, representing other regions of
the scene. Based on the size of image, small regions in mask were removed using a
connectivity approach. After these processing steps, only the meat portion was kept in the
image. Fig. 2(d) presents the resulting image after small region removal and binary mask

match.
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[Fig. 2 Steps of meat segmentation approach: (a) Original image; (b) Background subtraction;

(c) Extremely bright pixel removal; (d) Small region removal]

2.6. lllumination Normalization

After the segmentation step, the image illumination was normalized using the method
described in Barbin et al. (2016), aiming to attenuate the effect of incident light spots. This
method starts with a Gaussian blur filtering over an original image copy. It spreads the light
spots increasing their radius, creating a gradient of intensity starting at the spot center.

The negative of the blurred image is taken so that the aforementioned spots become
darker. The processed image is converted to the HSL color space to get only the reversed
lightness information (the L channel). The L channel intensities can be combined with the
original image to attenuate the lighter regions. An Overlay blend operation between the
reversed lightness representation and the original image results in an illumination normalized

image. The Overlay blend is given by the equation:

Where E is the resulting image, | is the lower layer (the original image) and M the
upper layer (the described lightness image). As a result, dark regions become darker and light
regions become lighter, according to the L channel values. Based on the reversed lightness
image, the light spots are attenuated and the regions with homogeneous illumination are less

changed. The illumination normalization effect is shown in Fig. 3(b).

2.7. Meat region of extremely bright pixels filling
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As it can be seen in Fig. 2(d), the resulting segmented region has some holes. They
correspond to extremely bright pixels removed during the meat segmentation. The resulting
black regions in the sample image may compromise the image features extraction, like texture
descriptors, since these areas may be counted as a repetition pattern over meat surface.
Therefore, a correction was applied to fill the aforementioned regions with the neighborhood
pixel intensity information.

First, the image was converted to grayscale representation. Using the meat mask
obtained from segmentation step, each black pixel inside the meat region was set to the
average value of non-zero neighbor pixels. The pixel neighborhood was calculated using a
square window with parametrized size. For the images used in the experiments, we set
Window Size = 25 x 25 pixels. Fig. 3(d) shows a meat sample with filled extremely bright

pixels.

2.8. Contrast enhancement

The normalized and filled image was subjected to the Contrast Limited Adaptive
Histogram Equalization (CLAHE) (Zuiderveld 1994). This technique was performed to
increase contrast between meat region and WS. CLAHE technique has two parameters:
Window Size, corresponding to the length of blocks to subdivide the image for equalization,
and the Clip Limit, which sets a limit on contrast enhancement. For images with 4928 x 3262
of resolution, we suggest: Window Size = [64, 64] and Clip Limit = 0.07. Fig. 3 summarizes
the image processing steps of our approach. The original image is presented in Fig. 3(a). Fig.
3(b), 3(c), 3(d), and 3(e) show the result of illumination normalization, meat mask match,

extremely bright pixel filling, and contrast enhancement, respectively.
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[Fig. 3 Image processing steps of proposed approach: (a) Original image; (b) Illumination
normalization; (c) Meat mask match; (d) Extremely bright pixels filling; () Contrast

enhancement]

2.9. Feature extraction

Image features provide useful information for automatic classification (Campos et al.
2016). In this paper, a set of 25 image features was explored. It consisted of histogram-based
values (Balaji et al. 2015), contrast and quality (Panetta et al. 2013) descriptors, gray level co-
occurrence matrix (Chowdhury et al. 2015) and Fast Fourier Transform (FFT) spectrum
domain features (Shen et al. 2013).

Histogram-based features describe the frequency distribution of pixel intensities over
the image. Statistical measures (Mean, Median, Variance, Standard Deviation, Skewness, and
Kurtosis) and other metrics related to the pixel distribution were calculated. These other
metrics included the largest and the smallest histogram peaks, and the amount of non-zero
values. The main contribution of histogram-based features is related to the aspects of tonal
distribution without addressing spatial location and value concentration.

Contrast and Image Quality metrics are related to visual aspects of the image. They
describe the perceiving level of separability between objects in a scene. The WS degree could
be explained, among other aspects, through the variation of visual intensity between striations
and muscle surface.

Gray level co-occurrence matrix stands for repetition patterns over the analyzed
image. The periodicity of pixel neighborhood is calculated to describe the perceptual surface

texture over the image. Based on the co-occurrence matrix, it is possible to detect patterns
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with a high level of repeatability. The WS occurrence might be described regarding
repetitions of thin regions (striations), over a homogeneous surface (meat).

A Fast Fourier Transform (FFT) can be applied to change the perspective of image
analysis. Instead of using a spatial domain, where a pixel has a xy location and intensity, a
Spectrum Domain (frequency) representation is obtained. This representation allows the
detection of periodic patterns in images by finding narrow peaks of high energy in the
spectrum domain. A complete list of all image features used in experiments is presented in

Table 1.

[Table 1]

2.10. Machine Learning approaches

A classification task consists of an input vector describing a characteristic and
deciding which of the N classes the data belong to. It is a supervised learning process, based
on examples of N classes (Marsland 2015).

In a classification task, each instance (example) belongs to a class, and the set of
classes covers the possible output domain. Sometimes an example might belong partially to
more than one class, in this case, fuzzy classifiers should be used. In addition, a classification
algorithm aims for generalization: produce sensible outputs for inputs not used in the training.

There are various classification methods. However, in general, all have the same
objective: find decision boundaries to separate different classes. Some of these methods were
briefly described below (Michalski et al. 2013). In this work, the performance of Random

Forest, Multilayer Perceptron, Support Vector Machine and Fuzzy Rule-Based System are
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compared. These algorithms were used for modelling classifiers used to analyze the WS
degree based on features extracted from poultry meat images.

Random Forest (RF) method is an ensemble learning approach proposed by Breiman
(2001). The main idea is the combination of many decision trees into a forest, naming the
technique. Every tree inside the forest is built independently without pruning, by a subset of
features. These features are chosen at random from all feature sets. The user must select the
number of attributes used in each node and the number of trees inside the forest. Each tree in
the forest uses a different training set, consisting of random sampling using a Bagging
approach (Breiman 2001).

Multilayer Perceptron (MLP) feedforward network is an important class of neural
networks (Haykin 1999). Usually, a network consists of three main components: an input
layer, one or more hidden layers and, an output layer. The first layer receives the input values,
which are computed in the nodes of hidden layer(s), giving an answer at the output layer.
Information propagates through the network in the forward direction. The back-propagation
(Haykin 1999) algorithm is often used to train the MLP networks. MLPs have been used to
solve complex and diverse problems due to the generality of their application (Haykin 1999).

Support Vector Machine (SVM) is a method of the Machine Learning proposed by
Vapnik (1995), belonging to the class of kernel based methods. The main idea is to find the
best hyperplane to separate data into determined classes. Therefore, SVMs aim to maximize
separability, finding the instances of the problem that lie at the margin between the classes.
The described values are called support vectors. SVMs are widely used in Machine Learning
tasks due to their high accuracy, flexibility, and capacity to deal with high dimensional data
(Ben-Hur and Weston 2010).

Fuzzy Rule-Based Systems (FRBSs) are methods within soft computing, based on

fuzzy concepts (Riza et al. 2015). These methods are effective tools to deal with problems
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such as uncertainty, imprecision, and non-linearity. FRBSs are an extension of classical rule-
based systems. They are mainly based on rules in the form "IF A Then B", where A and B are
fuzzy sets. In these experiments, the Fuzzy-W technique, which is based on Ishibuchi's

strategy (Ishibuchi et al. 1999), was applied.

2.11. Evaluation metrics

The Information Gain (IG) method was applied to reduce the problem of
dimensionality by considering the original 25 features. This metric measures the feature
capability to separate samples into classes of problem (Yang and Pedersen 1997). High IG
value means more separation capability, in other words, a more important feature.

Each described classification model was run 50 times, using different train and test
dataset configuration. A stratified holdout approach with 70% of the dataset for training was
used. To evaluate the performance of the built classification models, Accuracy, Error Rate,
Precision and Recall, the F-Score was used.

Accuracy refers to the overall system performance. It is defined as the number of
instances that were correctly classified among all cases. The error rate is related to the rate of
misclassified samples, and it is defined as 1-Accuracy. Precision is defined as the rate of true
positives of a class X, among all instances classified as X. It shows the class agreement of the
data labels with positive labels given by the predictor. Recall or sensitivity measures a
classifier effectiveness to identify positive labels (classes). For each class, recall is defined as
the number of true positive predicted cases, divided by the number of instances that belongs
to the referred class. At last, the F-Score measures the relation between data positive labels

and those given by the predictor.
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2.12. Sensory Analysis

Two sensory analyses were performed. The study was approved by the Human
Research Ethics Committee (from Londrina State University, 1.842.109, CAAE
61901316.8.0000.5231). The three severities of WS were evaluated in random order and
sequential presentation. In order to determine whether WS characteristics affected the sensory
of broiler breast fillets, acceptance and purchase intention tests were performed differently in
two days to present the samples.

The first sensory analysis was performed with broiler breast fillets purchased from a
commercial establishment (same brand, lot) in Londrina-PR city. The samples were visually
classified into three degrees of WS severity established by Kuttappan et al. (2009; 2012):
NORM, MOD and SEV, totaling 75 samples (25 samples from each WS degree). This test
was performed at the Sensory Analysis Laboratory of the Londrina State University. For this
analysis, each broiler breast fillet (about 100 g) was prepared with 1.80% sodium chloride and
was grilled with 2 mL oil at 140°C until samples reached 72°C at 75°C internally (measured
with spit thermometer with digital display). After this step, fillets were cut (15 g), served in
white disposable plates properly coded with 3 random digits. Consumers were placed in
individual cabins, where they received instructions on the use of the scales.

For this test ,102 untrained judges were invited, all habitual broiler meat consumers.
The consumer group consisted of 46.15% males and 53.85% females. In these groups,
95.19% are undergraduate students, who consume broiler meat 1-3 times a week (67,31%).

Consumers were asked to try the samples and evaluate them individually through a
card using the 10 cm hybrid scale (0= dislike extremely; 10 cm = like extremely). Finally,

consumers evaluated their purchase intention regarding broiler breast fillets by using a 5-point
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structured scale (1 = certainly would not buy to 5 = certainly would buy). And they were also
asked to explain what they liked or disliked about each fillet, in case they wanted to do so.

The second sensory test applied was the acceptance and purchase intention, that took
place at the Comtour mall in the city of Londrina-PR, in front of a supermarket. One hundred
and five untrained judges, who consume broiler meat regularly were clarified regarding the
sensory tests. Subsequently, they received color photos of broiler breast fillets in actual sizes
(photographed individually on foam trays used for commercialization, with a digital camera
Sony Cyber Shot DSC-S950 10.1 mega pixels) in three degrees of WS in a random order
(coded with 3 random digits). Evaluators consisted of 40.0% males and 60.0% females;
ranging 36-50 years old (52.38%), most of them with elementary education (59.05%) and
who consume broiler meat from 1-3 times a week (53.33%).

In total, 9 photos were prepared for this analysis (3 samples from each WS degree).
And participants answered using the same method of evaluation mentioned: 10-cm hybrid
hedonic scale (for Acceptance Test) and 5-point scale (for Purchase Intention). They were
also asked to explain what they liked or disliked about each fillet, in case they wanted to do

SO.

2.13. Statistical Analysis

The results of all analysis were evaluated by analysis of variance (ANOVA) and

comparison of Tukey test averages at 5% probability (p < 0.05) among the three WS

classifications using the Statistica 7.0 (StatSoft, Tulsa, USA) program.

3. RESULTS AND DISCUSSION
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Considering the results of the proposed approach, it is possible to claim that our CVS
can classify WS degree with considerable accuracy (86%). Table 2 summarizes the results
obtained during the experiments for each ML algorithm. The techniques were sorted from the
best to the worst using algorithm accuracy. It is possible to perceive that SVM, Fuzzy-W, and
RF obtained very similar general accuracy, about 86.4%. The worst performance was
achieved by MLP (70.9%), which was related to the high error rate when predicted NORM
meat samples. In fact, in these experiments it was determined that MLP was almost not able
to handle with NORM degree samples, reflecting the strictly lower values obtained for

Precision, Recall, and F-Score.

[Table 2]

Considering the three best techniques, RF and SVM presented greater standard
deviation values (7.06% and 7.27%, respectively) when compared to Fuzzy-W (6.89%). As it
can be seen in the accuracy boxplot (Fig. 4), SVM presented some outliers below the first
quartile. RF had no outliers but showed the widest box, an indication of performance
variability during training and test repetitions. The outliers obtained for SVM are an
indication of instability of this method, depending on the train and test set configuration. In
some cases, Fuzzy-W and RF obtained 100% of accuracy, however, Fuzzy-W presented the
narrowest box, which indicates that this method was the most stable and robust technique for

WS poultry meat degree prediction.

[Fig. 4 Boxplot of model accuracy in classification of NORM, MOD, and SEV poultry meat

WS degree]
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Concerning the importance of specific image feature to assess the WS degree, it was
possible to rank them by 1G. Out of the original set of 25 features, only 13 attributes were
relevant for classifying the WS degree. The 1G of other attributes was equal to zero, thus they
were not used to train the ML models. Fig. 5 presents the ranking of image feature

importance.

[Fig. 5 Importance of image features for WS degree assessment]

Feature 22, 12, 23, and 3 obtained the highest values of importance (IG > 0.2). Feature
22 is a texture attribute extracted from gray level co-occurrence matrix, and describes the
squared sum of co-occurrence matrix elements. In other words, it measures intensity pattern
repeatability, like striations. Feature 12 is a histogram-based feature, measuring the mean
intensity amplitude of the image. The striations are brighter than meat, so it could be a
separating factor to determine the WS degree. The separability of striations and meat can also
be explained through Image Entropy (Feature 23), a statistical measure of randomness that
can be used to characterize texture and contrast. At last, FFT Homogeneity (Feature 3) is
another metric used to describe texture.

With less importance, features 14, 1, 9, 6, 24, 19, 13, 25, and 20 belong to different
groups of image features. This result shows that just one type of image feature is not enough
to deal with the WS degree assessment task. The remaining image features - features 2 (FFT
Entropy), 4 (FFT Inertia), 5 (Amount of non-zero groups in intensity histogram), 7 (Peak of
the largest non-zero group in intensity histogram), 8 (Peak of the smallest non-zero group in
intensity histogram), 10 (Length of the largest non-zero group in intensity histogram), 11
(Peak of the smallest non-zero group in intensity histogram), 15 (Variance of the intensity

histogram amplitude), 16 (Amount of non-zero values on intensity histogram), 17 (Peak of
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intensity histogram), 18 (Entropy of gray level co-occurrence matrix), and 21 (Correlation of
gray-level co-occurrence matrix) - offered no contribution to describing WS degrees. They
belong to different groups of image features, which reinforces the fact that just one technique
for feature extraction is not powerful enough to describe all visual characteristics of WS

phenomena.

3.1. Hits and Misses

Figure 6 demonstrates the sample-by-sample accumulated error rate, once the error
rate starts from O (no error) to 1 (error in all tests) illustrated from white to blue color. The
measure of errors was based on the ratio of misclassification to all determinations. As
evidenced in Table 2, the lowest performance was achieved by MLP. This approach
misclassified NORM degree samples in almost all cases, as shown in Fig. 6. Despite that,
SVM, Fuzzy-W and RF obtained low accumulated error. Depending on training set
combination, some pattern is obfuscated, decreasing the generalization capability. However,
some samples presented high error rate for all classification algorithms. These samples

correspond to the dark vertical aligned cells present in Fig. 6.

[Fig. 6 Accumulated misclassification predictions over 50 executions for classification of

poultry meat samples in NORM, MOD, and SEV white striping degrees]

Table 3 summarizes four of most misclassified images: 3, 23, 83, and 84. These
images were misclassified by all algorithms in more than 40 executions. Image 3, which is
related to meat Sample 4, was classified as NORM by the trained panelist, and SEV by the

ML techniques. Image 23 (Sample 34) was predicted as SEV, and it was MOD. Similarly,
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images 83 (Sample 25) and 84 (Sample 42) were predicted as SEV by the panelist, and MOD

by the ML techniques.

[Table 3]

The visual distinction between NORM and SEV degrees is more pronounced than
NORM and MOD, or MOD and SEV cases. In this way, misclassifying NORM as SEV is
more impactful for the proposed WS assessment solution. This fact occurred in the
classification of Image 3. In order to diagnose the error, the features and the original image
(Fig. 7) were investigated. In Fig 7, it is possible to observe some regions with an irregular
surface in muscle, indicating a lack of sample preparation for image acquisition. These
regions are highlighted and zoomed in Fig. 7, and present a very similar pattern of striations,

as described by image features.

[Fig. 7 Image 3 (Sample 4), a NORM sample misclassified by all ML techniques as SEV: the

irregular surface in meat is highlighted and zoomed]

Figure 8 presents Image 3 after all the previously described image processing steps.
The irregular surface of the meat was accentuated by the contrast enhancement technique
towards very similar features to WS with SEV degree. It can be seen that the image feature
values for this image were similar to SEV samples, leading to misclassification. Indeed, the
meat sample preparation for image capturing is a major step of a CV approach. A lack of
control may disrupt the striation visual characterization, decreasing the trained predictive

modeling capability.
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[Fig. 8 Image 3 (Sample 4) after imaging processing steps: folds in meat were accentuated]

The misclassification variation for the other cases was of one degree. The visual
characteristics of WS close degrees were very similar. Hence, the obtained error could be
related to samples lying in inter-class separation margin. Besides, sometimes during WS level
assessment, the specialist touched the samples to check its firmness. This occurred in some
special cases, when only the visual classification caused uncertainty about the degree. SEV
samples have a decrease in firmness when compared to MOD samples. This extra information

IS not related to visual aspects of meat and cannot be addressed by Computer Vision.

3.2. Sensory Analysis

The scores for the acceptance test and purchase intention of the grilled broiler breast
fillets can be observed in Table 4. According to this study, it was evidenced that all hedonic
grades of the acceptance attributes were between 7 and 8, indicating that, despite the
classifications, all degrees of WS were accepted in appearance, aroma, flavor, texture and
global acceptance.

Among the analyzed attributes, only texture showed significant differences (p < 0.05)
between the classifications analyzed. Samples classified as SEV were the only ones that
presented significant differences when compared to the others. Petracci et al. (2013), showed
higher values for WS samples classified as SEV in cooking loss results (26.74%), due to loss
of liquids resulting from protein denaturation during cooking. This information could have
influenced our sensory results, since the samples were prepared on the grill, influencing the

final texture of the broiler breast fillets. The appearance of the samples did not present



95

significant differences, as they passed through the grill that eventually camouflaged the
characteristics of WS. They are predominantly located on the surface of the fillets.

Sanchez et al. (2016) observed that broiler breast fillets classified as SEV presented
significant differences in the texture sensory descriptive analysis. The hardness attribute was
the only one that differed the samples classified as SEV from the others. The same authors
also attributed this greater effort to chewing the sample with the increase of the connective
tissue content in the WS fillets. This increase in collagen content was also reported by
Petracci et al. (2014) and Mudalal et al. (2014), attributing this increase to a degenerative

process of muscle fibers.

[Table 4]

With the use of broiler breast fillets photos for the sensory analysis, all the hedonic
scores of the appearance attribute were between 3 and 7 (Table 5), indicating a great variation
in the values, unlike the previous sensory analysis for the same attribute. In this second
sensory test, samples classified as SEV obtained the lowest scores for the appearance attribute
and presented significant differences (p < 0.05) between the other WS degrees.

The photos, differently from the previous sensory test, had the objective of analyzing
only the appearance attribute to simulate the products found in commercial establishments.
According to the research comments, 20% of consumers were able to identify the presence of
white lines characteristic of WS, and even without knowing its composition, they would reject
the product by its appearance. 30% of consumers, in addition to identifying a presence of
white striation, observed a fat-like surface deposition.

These comments were verified in the purchase intention notes. All means of the

different classifications differed from each other. The highest mean was presented for the
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samples classified as NORM, MOD, SEV, respectively. Therefore, with the increase in the
WS samples severity degree, the notes of acceptance and purchase intention tests decrease.
These results were similar to those reported by Kuttappan et al. (2012), in which
American consumers also evaluated photographs of samples in the three degrees of WS
severity, through images selected and viewed through computers. These researchers
concluded that the presence of striations (increasing of WS severity), decreases consumer
acceptability of broiler breast fillets. According to this American research, more than 50% of
consumers reported they probably would not/ definitely not buy the broiler breast fillets with

any degree of white striation.

[Table 5]

4. CONCLUSION

CVS proved to be accurate, fast and robust for the classification of WS meat. The
classification models SVM, fuzzy-W and RF showed the best results with similar general
accuracy (86.4%). The worst performance was obtained by MLP (70.9%) with the high error
rate in NORM sample predictions. The sensory analysis of acceptance verified that WS
myopathy negatively affects the texture of the broiler breast fillets when grilled and the
appearance attribute of the raw samples, which influenced the purchase intention scores of
raw samples. Therefore, the characteristics of WS samples could economically damage the
sales of broiler breast fillets. The results were satisfactory, although further studies with
physical-chemical analysis are needed to validate image analysis results and to implement this

system in a real processing industry in a production line with a greater number of samples.
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Table 1 List of all image features extracted.

No. Type Description

1 FFT FFT Energy

2 FFT FFT Entropy

3 FFT FFT Homogeneity

4 FFT FFT Inertia

5 Inten Hist Amount of non-zero groups in intensity histogram

6 Inten Hist Kurtosis of intensity histogram

7 Inten Hist Peak of the largest non-zero group in intensity histogram
8 Inten Hist Peak of the smallest non-zero group in intensity histogram
9 Inten Hist Skewness of intensity histogram

10  Inten Hist Length of the largest non-zero group in intensity histogram
11 Inten Hist Length of the smallest non-zero group in intensity histogram
12 Inten Hist Mean of intensity histogram amplitude

13 Inten Hist Median of intensity histogram amplitude

14 Inten Hist Standard deviation of intensity histogram amplitude

15  Inten Hist Variance of intensity histogram amplitude

16  Inten Hist Amount of non-zero values on intensity histogram

17  Inten Hist Peak of intensity histogram

18  Co Matrix Entropy of gray-level co-occurrence matrix

19  Co Matrix Homogeneity of gray-level co-occurrence matrix

20  Co Matrix Inertia of gray-level co-occurrence matrix

21  Co Matrix Correlation of gray-level co-occurrence matrix

22  CoMatrix Energy of gray-level co-occurrence matrix

23 Contrast Entropy of original intensity image



24 Contrast

25  Image

Quality

Global Contrast Factor

Measure of Enhancement (EME)
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Table 2 General results summary of WS degree prediction, ordered by Accuracy.

Algorithm Accuracy Error Precision Recall F-Score

mean  Std mean  Std mean  Std Mean  Std Mean  Std
SVM 0.8646 0.0706 0.1354 0.0706 0.8554 0.0852 0.8585 0.0805 0.8460 0.0828
Fuzzy-W  0.8640 0.0689 0.1360 0.0689 0.8530 0.0874 0.8619 0.0801 0.8417 0.0841
RF 0.8640 0.0727 0.1360 0.0727 0.8210 0.1061 0.8644 0.0924 0.8325 0.1000
MLP 0.7097 0.0552 0.2903 0.0552 0.5641 0.0517 0.6251 0.1142 0.6973 0.1097

Table 3 Samples with higher misclassifications rate.

Image Panelist SVM Fuzzy-W RF MLP

3 NORM SEV SEV SEV SEV

23 MOD SEV SEV SEV SEV

83 SEV MOD MOD MOD MOD

84 SEV MOD MOD MOD MOD
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Table 4 Acceptance of sensory attributes and purchase intention of broiler breast fillets
classified visually in three degrees of severity of WS myopathy

WS  Appearance Aroma Flavor Tenderness Overall Purchase

Degree Acceptance Intention

NORM 8.10%+1.75 7.832+1.88 7.972+£195 819%+177 8.09°+1.74 4.082+0.96
MOD 813*+165 7.63*+216 754*°+172 7.73%+181 7.672+£155 3.80°%+1.00

SEV 7.63°+187 7.899+182 7.682+2.08 7.47°+1.83 7.64°+1.83 3.85°+1.08

b \Means within a column followed by different superscript letters differ significantly

(p <0.05).

Table 5 Acceptance of appearance and purchase intention of broiler breast fillets photos

classified visually in three degrees of severity of WS myopathy

Degrees of WS Appearance Purchase Intention
NORM 7.322+1.67 4.00 + 0.61
MOD 6.942+ 1.76 3.31°+0.85
SEV 3.20° £ 2.12 2.04°+1.16

&¢ Means within a column followed by different superscript letters differ significantly (p <

0.05).
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CONSIDERACOES FINAIS

O fenbmeno WS apresentou incidéncia maiores que 50% para o frigorifico
estudado. O estudo verificou que o WS altera par@metros quimicos, estruturais e
sensoriais dos filés de frango. A escala para a classificacdo do grau de severidade
do WS precisa ser padronizada, pois o sistema atual € subjetivo por ser visual. O
presente estudo desenvolveu um método eficaz e rapido para realizacdo desta
classificacdo, o que facilitaria os demais estudos para o WS, e uma possivel
implementacéo deste sistema para as industrias na linha de producao.

Apesar de todos estes experimentos, atualmente sdo poucos o0s estudos
relacionados ao WS na carne de frango, quando comparados com outras miopatias.
Devido a estas incertezas, torna-se necessario a busca de mais informacdes sobre o
tema para melhores esclarecimentos buscando a garantia da qualidade dos

produtos e permanéncia no mercado.
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