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RESUMO

EFEITO DO CAROCO DE ALGODAO NA MODULACAO DE FIBRAS
MUSCULARES ESQUELETICAS E QUALIDADE DE PRODUTOS DE CARNE
OVINA
AUTORA: Magda Aita Monego
ORIENTADOR: Prof. Dr. Renius de Oliveira Mello
CO-ORIENTADOR: Prof. Dr. Luiz Giovani de Pellegrini

Objetivou-se avaliar a modulagdo das fibras musculares esqueléticas da carne de cordeiros lle de France
alimentados com niveis de caroco de algoddo (CA), bem como desenvolver produtos de carne ovina e
caracteriza-los. Este trabalho foi composto de trés ensaios experimentais. O primeiro avaliou 0s niveis séricos e a
modulacédo das fibras musculares esqueléticas do Longissimus thoracis de cordeiros lle de France alimentados
com caroco de algodao e sua relacdo com a qualidade da carne. As fibras musculares esqueléticas foram
identificadas por andlise histoquimica e classificadas de acordo com a velocidade de contracdo, coloragdo e
metabolismo. Foram utilizados 50 cordeiros lle de France, cinco referéncias e cinco tratamentos (0, 10, 20, 30 e
40% CA na dieta), com nove repeticdes, em delineamento experimental inteiramente casualizado. Foram
avaliadas as tendéncias linear e quadratica e correlagdo parcial de Spearman entre caracteristicas de fibras e
qualidade da carne (58 varidveis), sendo os niveis de carogo de algoddo usados como covariaveis. Os niveis
séricos de colesterol, proteinas totais e gama glutamil transpeptidase aumetaram (P<0,05) de acordo com a
inclusdo de caroco de algoddo. Observou-se efeito do tempo (referéncia x CA) na modulagdo das fibras
musculares, com aumento (P<0,05) das fibras vermelhas, reducdo (P<0,05) das fibras glicoliticas, e transi¢do
(P<0,05) das fibras Tipo 1B em Tipo I1A. O efeito da dieta foi observado apenas para a variavel area relativa das
fibras Tipo 1IC, com tendéncia linear crescente de acordo com a incluséo de caroco de algoddo. Concluiu-se que
o efeito do tempo (referéncia x CA) foi mais pronunciado que o efeito da dieta nas caracteristicas das fibras
musculares, as quais estavam correlacionadas & qualidade da carne. No segundo e no terceiro experimentos,
foram avaliadas as propriedades fisico-quimicas, tecnoldgicas e sensoriais de hamburguer e alméndega,
respectivamente, elaborados com carne de cordeiros alimentados com niveis de carogo de algoddo. Cada
experimento foi conduzido em delineamento inteiramente casualizado, com 5 tratamentos (0; 10; 20; 30; 40%
CA) e 4 repeti¢des. Os dados foram submetidos a anélise de variancia (ANOVA), a 5% de significancia e os
resultados significativos foram submetidos a andlise de regressdo. Nos hamburgueres, a adicdo de caroco de
algodao as dietas de cordeiro diminuiu (P<0,05) o TBARS da carne e alterou (P<0,05) as caracteristicas fisico-
quimicas do produto, caracterizados por baixos teores de lipideos (= 4,27), colesterol (y= 75,15) e teor calérico
(¥=122,04). Os resultados relativos as caracteristicas de cocgdo foram diretamente relacionados as observagoes
microscopicas relativas aos hamburgueres; as estruturas mais coesas apresentaram melhor desempenho (P<0,05)
apos o cozimento, com maior (P<0,05) rendimento e retengdo de umidade e menor (P<0,05) perda por cocgéo.
Os niveis de caroco de algoddo ndo afetaram (P>0,05) o perfil de textura, mas afetaram negativamente a
aceitabilidade dos hamburgueres (P<0,05), uma vez que, a medida que os niveis de carogo de algodao
aumentaram, as pontuagfes dos atributos sensoriais diminuiram (P<0,05). Assim, para as formulagcfes de
hamburguer recomenda-se uma inclusdo maxima de 16,7% CA na matéria seca da dieta de cordeiros. As
almoéndegas preparadas com carne de cordeiros alimentados com caro¢o de algoddo apresentaram maior
(P<0,05) teor de cinzas. Todas as formulacdes de almdndegas apresentaram baixos niveis de lipidios (= 2,90) e
colesterol (= 74,15 mg / 100 g), bem como alto teor de proteina (9= 18,92). A diferenca (P<0,05) observada
nas variaveis de caracteristicas de coccdo ndo teve efeito no perfil de textura, que foi relacionado as observagdes
microscopicas do produto. No teste triangular para a diferenga, os provadores ndo perceberam a diferenca entre
as almdndegas controle (0% CA) e aquelas com até 30% CA. No entanto, no teste de aceitacdo, os provadores
detectaram alteragdo sensorial a partir de um nivel de 12,5% CA. Assim, é possivel produzir almdndegas com
carne de cordeiros alimentados com até 12,5% de caroco de algoddo na matéria seca de sua dieta sem alterar as
caracteristicas sensoriais do produto.

Palavras-chave: Gossypium hirsutum, histoquimica, caracteristicas de cocgdo, analise de perfil de textura,
microscopia, teste triangular.



ABSTRACT

EFFECT OF WHOLE COTTONSEED IN THE MODULATION OF SKELETAL
MUSCLE FIBRES AND QUALITY OF LAMB MEAT PRODUCTS
AUTHOR: Magda Aita Monego
SUPERVISOR: Prof. Dr. Renius de Oliveira Mello
COSUPERVISOR: Prof. Dr. Luiz Giovani de Pellegrini

The aim of this study was to evaluate the modulation of skeletal muscle fibres from lle de France lambs fed with
levels of whole cottonseed (WCS), as well as to develop sheep meat products and characterise them. This study
was composed of three experimental tests. The first evaluated the serum levels, modulation, and performance of
skeletal muscle fibres of Longissimus thoracis of Ile de France lambs fed with whole cottonseed and its relation
to meat quality. The skeletal muscle fibres were identified by histochemical analysis and classified according to
contraction velocity, staining and metabolism. Fifty lle de France lambs, five references and five treatments (0,
10, 20, 30 and 40% WCS in the diet) were used, with nine replicates and a completely randomised design. The
linear and quadratic trends, as well as the Spearman partial correlation between fibre characteristics and meat
quality (58 variables) were evaluated, with whole cottonseed levels being used as covariates. Serum cholesterol,
total protein and gamma glutamyl transpeptidase levels increased (P<0.05) according to the level of inclusion of
whole cottonseed. The effect of time (reference x WCS) on the modulation of muscle fibres, with an increase
(P<0.05) of red fibres, reduction (P<0.05) of glycolytic fibres, and transition (P<0.05) of Type IIB to Type 1A
fibres was observed. The effect of the diet was observed only for the variable relative area of Type IIC fibres,
with a linear tendency that increased according to the inclusion of whole cottonseed. It was concluded that the
effect of time (reference x CA) was more pronounced than the effect of diet on the characteristics of muscle
fibres, which was correlated with meat quality. In the second and third experiments, the physicochemical,
technological and sensorial properties of hamburger and meatballs that were prepared with meat from lambs fed
on different levels of whole cottonseed were evaluated. Each experiment was conducted in a completely
randomised design, with five treatments (0; 10; 20; 30; 40% WCS) and four replicates. The data were submitted
to analysis of variance (ANOVA) at 5% significance and the significant results were submitted to regression
analysis. In the hamburger, the addition of whole cottonseed to the lambs' diets decreased (P<0.05) the
thiobarbituric acid reactive substances in the lamb meat and altered (P<0.05) the physicochemical characteristics
of the hamburgers, which were characterised by low lipid (y= 4.27), cholesterol (9= 75.15) and caloric content
(y=122.04). The results regarding cooking characteristics were directly related to the microscopic observations
regarding the hamburgers; the more cohesive structures exhibited better (P<0.05) performance after cooking,
with increased (P<0.05) cooking yield and moisture retention and decreased (P<0.05) cooking loss. The levels of
whole cottonseed did not influence (P>0.05) the texture profile, but they negatively affected the acceptability of
the hamburgers (P<0.05); as the levels of whole cottonseed increased the scores for the sensorial attributes
decreased (P<0.05). Thus, for hamburger formulations, a maximum inclusion of 16.7% WCS in the dry matter of
the diet of lambs is recommended. The meatballs prepared with lamb from animals fed on whole cottonseed
presented higher (P<0.05) ash content. All the meatball formulations presented low levels of lipids (9= 2.90) and
cholesterol (= 74.15 mg/100g), as well as high protein content (= 18.92). The difference (P<0.05) observed in
the variables of the cooking characteristics did not influence the texture profile, which was related to the
microscopic observations of the product. In the triangle test for difference, the testers did not perceive difference
between the control meatballs (0% WCS) and those with up to 30% WCS. However, in the acceptance test the
testers detected sensory alteration starting at a level of 12.5% WCS. Thus, it is possible to produce meatballs
with meat from lambs fed on up to 12.5% WCS in the dry matter of their diet without altering the sensory
characteristics of the product.

Keywords: Gossypium hirsutum; histochemical; cooking characteristics; texture profile analysis; microscopy;
triangle test.
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1 INTRODUCAO

A producdo mundial de carne ovina aumentou no periodo de 2007 a 2016, passando de
8,7 para 9,3 milhdes de toneladas (FAO, 2018). No mesmo periodo, o Brasil registrou
aumento de 16,7%, passando de 78 mil toneladas para 91 mil toneladas (FAO, 2018).
Entretanto, o consumo nacional ainda é considerado baixo, cerca de 204 g per capita anual
(IBGE, 2010). Quando consideradas as grandes regides, a regido Sul é a que mais consome
carne ovina, com 592 g per capita anual, seguido das regides nordeste (339 g), centro-oeste
(143 g), norte (95 g) e sudeste (10 g). Na regido Sul, destaca-se o estado do Rio Grande do
Sul, onde o consumo é de 1380 g per capita anual (IBGE, 2010).

O panorama nacional demonstra crescente interesse por carne ovina, principalmente na
regido Sul do Brasil, 0 que demanda maior oferta por produtos de qualidade. Considerada um
dos fatores preponderantes para a expansdo e consolidacdo do mercado da carne ovina
(BRASIL, 2016; LIMA JUNIOR, 2016), a qualidade tem sido definida como desempenho do
produto que resulte na satisfacdo do consumidor, tendo como principais atributos: cor, sabor,
textura, conservacao (vida de prateleira), composicdo quimica, confiabilidade e conveniéncia
(JOO et al., 2013; PONNAMPALAM et al., 2016). Tais atributos podem ser influenciados
pela dieta dos animais.

As dietas animais, por sua vez, compreendem altos custos de producdo, sendo
oportuno o estudo de ingredientes alternativos, que fornecam os nutrientes adequados, aliado
ao baixo custo. Neste sentido, a suplementacdo de caroco de algoddo na dieta de ruminantes
vem se destacando principalmente em virtude de seus altos teores de lipidios e proteina
(MADRUGA et al., 2008; PAIM et al., 2010; VIEIRA et al., 2010; PIONA et al., 2012;
VIANA et al., 2014). No entanto, o uso deste ingrediente em dietas animais esta relacionado a
possivel associagdo do caroco de algoddo com caracteristicas indesejaveis nos aspectos
qualitativos da carne e derivados. Tal fato torna importante verificar se 0 uso de caroco de
algoddo na dieta para pequenos ruminantes promove alteracGes quali e/ou quantitativas nas
propriedades da carne e seus derivados.

Em relacdo a qualidade da carne, tem-se destacado o estudo das propriedades
metabolicas e fisiologicas dos muasculos (PICARD, 2012; HOCQUETTE et al., 2012;
CHRIKI et al., 2013a, b; DU et al. 2014; ITHURRALDE et al., 2015). O tipo de fibra, sua
distribuicdo e frequéncia nos musculos podem ser influenciados por fatores genéticos e
ambientais. Existem diferencas nessas caracteristicas considerando-se as diferentes espécies

animais, a localizacdo dos musculos e as diferentes regides de um mesmo musculo (CHRIKI
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et al. 2012; CHRIKI et al., 2013a, b; SANTELLO et al., 2010, ITHURRALDE et al., 2015).
A modulacdo, ou seja, a transformacdo de um tipo de fibra em outro pode ser obtida através
de manejo alimentar e sistema de terminacdo. Desta maneira, 0 conhecimento dos atributos
das fibras musculares e dos fatores que influenciam sua modulagdo permite prever a dindmica
da qualidade da carne ao longo do desenvolvimento do animal e pds abate, o que pode
contribuir para sugerir usos comerciais ideais de cada musculo para a industria ou comercio
(PICARD et al., 2002; ITHURRALDE et al., 2015).

Estudo realizado por Viana et al. (2013) aponta a diferenciacdo de apresentacdo da
carne ovina como alternativa para estruturar a cadeia de valor da ovinocultura no Rio Grande
do Sul. O consumo desta carne pode ser ampliado através da oferta de produtos que
satisfacam o gosto e as necessidades do consumidor, tais como hamburguer e alméndega, uma
vez que sao produtos muito apreciados, de facil e rapido preparo.

Apesar de hambdrguer e almdndega reunirem diversas caracteristicas comuns, cada
produto apresenta uma forma de consumo propria, sendo o primeiro mais consumido na
forma de lanches e fast foods; enquanto a almdndega geralmente é consumida durante as
refeicbes principais, acompanhada de molhos diversos. Assim, torna-se importante avaliar o
emprego da carne de cordeiro alimentados com niveis de carogo de algoddo em ambos 0s
produtos, visto que o modo de preparo e forma de consumo podem influenciar na
aceitabilidade das diferentes formulagdes.

Neste contexto, o presente trabalho foi desenvolvido com o propdsio de avaliar a
modulacdo das fibras musculares esqueléticas e a qualidade de produtos de carne de cordeiros
alimentados com niveis de caroco de algodéo, tendo como objetivos especificos:

- Mensurar os niveis séricos dos cordeiros;

- Verificar o efeito do tempo e da dieta na modulacdo das fibras musculares
esqueléticas do musculo Longissimus thoracis;

- Relacionar as caracteristicas das fibras musculares esqueléticas do Longissimus
thoracis com a qualidade da carne;

- Caracterizar os produtos desenvolvidos, através da composicdo fisico-quimica e
propriedades tecnoldgicas;

- Averiguar, através de analise sensorial, se a presenca de caroco de algoddo na dieta
dos cordeiros afetou a qualidade dos produtos elaborados e, em caso positivo, a partir de que

nivel de caroco de algod&o ocorreu tal alteracéo.



13

2 REVISAO DA LITERATURA

2.1 CARNE OVINA

A carne ovina origina-se de distintos tipos de animais: cordeiro, animal entre 4 meses
e 1 ano de idade; capdo, animal adulto e castrado; ovelha, fémea adulta. Destes, a carne mais
apreciada € a de cordeiro, devido as caracteristicas favoraveis, pois possui textura macia,
coloracéo rosa-avermelhada, de consisténcia firme e pouca gordura (BRASIL, 2016; LIMA
JUNIOR et al., 2016).

A qualidade da carne ovina pode ser influenciada por fatores intrinsecos e extrinsecos.
Os primeiros estdo relacionados ao animal e consideram raga, sexo, idade, peso ao nascimento
e ao abate, genes e composicdo do musuculo, através do tipo e proporcdo das fibras
musculares esqueléticas (LIMA JUNIOR et al., 2016). Os segundos consideram fatores
relacionados a instala¢des, nutricao, gestdo da producdo e manejo.

No ambito da nutricdo, diversos estudos investigam o emprego de coprodutos
agroindustriais como alimentos/suplementos para ovinos, como uma estratégia para reduzir 0s
custos de alimentacdo, aliado a necessidade de reciclar os residuos o que é dispendioso de
eliminar (OLIVEIRA et al., 2013). Dentre os coprodutos, podem-se citar: fava e tremoco
(LESTINGI et al., 2015), residuos de vinificacdo (GUERRA-RIVAS et al., 2016), torta de
amendoim (BEZERRA et al., 2016) e coprodutos do algodao, empregados nas dietas na forma
de caroco integral, torta, farelo ou 6leo de algoddo (PAIM et al. 2010; PAIM et al., 2014;
VIEIRA et al., 2010; PIONA et al., 2012; VIANA et al., 2014; PEREIRA et al., 2016,
PELLEGRINI, 2017).

A dieta dos cordeiros pode influenciar a composic¢éo e qualidade da carcaca, da carne e
seus derivados. Em geral, a carne de cordeiro apresenta baixos teores de lipidios totais (2% a
4%), elevados teores de proteinas (19% e 22,74%), umidade entre 73,66 a 74,53% e cinzas entre
0,9 e 1,09% (MONTE et al., 2012; HAJJI et al., 2016). Os valores de colesterol geralmente sdo
menores que 90 mg em 100 g de carne, sendo considerados baixos em relagdo a carnes de
bovinos e suinos (MADRUGA et al., 2008).

Além da composic¢do quimica, a dieta pode influenciar outros fatores determinantes
para a qualidade final da carne. Pode-se citar as caracterisiticas fisicas, as quais englobam pH,
cor, perda de peso por cocgao, capacidade de retengdo de &gua; e as caracteristicas sensoriais,

gue englobam odor, sabor, textura, suculéncia entre outros (MONTE et al., 2012).
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2.2 FIBRAS MUSCULARES

O tecido muscular divide-se em liso, estriado cardiaco e estriado esquelético. O tecido
muscular estriado esquelético, responsavel pelos movimentos voluntarios do corpo, €
composto por células altamente especializadas, multinucleadas, alongadas e denominadas
midcitos ou fibras musculares (LEFAUCHEUR, 2010).

As fibras musculares podem ser classificadas de acordo com as propriedades
metabolica, fisiologica e contratil. Comparacdes diretas entre essas propriedades permitem
classificar as fibras musculares em trés tipos Tipo I, Tipo A, Tipo 1IB (Tabela 1), sendo que
cada tipo apresenta caracteristicas diferenciadas quanto a composi¢do e ao comportamento
(Tabela 2).

Tabela 1- Terminologias utilizadas para classificagcdo dos tipos de fibras musculares.

Método Tipos de fibras Referéncia
Histoquimico Tipo | Tipo IIA Tipo 11B Brooke & Kaiser (1970)
Coloracao vermelha intermediaria palida Ashmore & Doerr (1971)
Bioquimico SO FOG FG Peter et al. (1972)
Fisioldgico S FR FF Burke et al. (1973)

Nota. SO= Slow oxidative (lenta, oxidativa), FOG= Fast oxidative and glicolytic (rapida, oxidativa-glicolitica),
FG= fast glicolytic (rapida, glicolitica), S= resistente a fadiga, contracéo lenta (very fatigue resistant units with

relatively slow twitch contraction), FR= contrag&o réapida, resistente a fadiga (fatigue resistant units with fast
twitch contraction), FF= contracgdo rapida, fadigavel (fatigue sensitive, relatively fast twitch contraction).

A identificacdo das fibras musculares pode ser feita através de técnicas histoquimicas,
dentre as quais destaca-se m-ATPase (ATPase miosinica) (BROOKE, KAISER, 1970). O
principio desta técnica baseia-se no comportamento diferenciado das fibras musculares frente
a diferentes valores de pH, devido a concentracdo muscular de fosfatase alcalina ou &cida
(LOUGHLIN, 1993).

Este método permite distinguir um outro tipo de fibra, denominada Tipo IIC
(PEINADO et al., 2004), a qual tem sido considerada fibra ndo diferenciada ou precursora dos
tipos I1A e 1IB (BROOKE, KAISER, 1970), fibra que sofreu mudancas devido a doengas ou
injurias (RAMOS, GOMIDE, 2009) ou fibra imatura (DUBOWITZ, SEWRY, OLDFORS,
2013). As fibras Tipo I1C s&o consideradas fibras hibridas devido a coexisténcia das miosinas
de cadeia pesada I e Il (principalmente MHCIla) (HORI et al., 1998), apresentam velocidade
de contracdo rapida e alta resisténcia a fadiga (NAKATANI et al., 2003).



Tabela 2 — Caracteristicas das fibras musculares esqueléticas.
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Caracteristicas Tipo | Tipo 1A Tipo 1B Tipo IIC
Metabolismo Oxidativo Glicolitico- Glicolitico
oxidativo
Diametro Menor Intermediario Maior
Resisténcia a Alta Média Baixa Alta
fadiga
Suprimento Rico Intermediario Pobre
sanguineo
Glicogénio Baixo Alto/intermediario Alto
Lipideos Alto Alto/intermediéario baixo
Tamanho Grande Médio Pequeno
mitocondrias
Mioglobina Alta Intermediéaria Baixa
Contragéo
Poténcia Baixa Intermediéria Alta
Velocidade Lenta Meédia Répida Alta
Tempo Longo Médio Curto
Tipo de exercicio
Duracéo Longa Meédia Curta
Intensidade  Baixa/moderada Intermediaria Alta
Modalidade Corridas, Musculacéo, Levantamento de
caminhadas, natacao peso, corridas

ciclismo, ginastica curtas, saltos.

Fonte: Adaptado de PICARD et al., 2002; NAKATANI et al., 2003; CHOE, KIM, 2009; RAMOS, GOMIDE,
2009 e CHRIKI et al. 2012.

Cada musculo é formado por uma combinacdo de fibras musculares. A frequéncia e a
area de cada tipo de fibra no musculo permitem avaliar o desenvolvimento do tecido
muscular, o qual pode variar de acordo com a raca, idade, sexo, genética, nutricdo e sistema

de terminacgéo dos animais.

2.2.1 Miogénese e crescimento muscular

Miogénese consiste no processo de desenvolvimento do tecido muscular que ocorre
ainda na fase embrionaria. Em mamiferos, a multiplicacdo das fibras musculares (hiperplasia)
incide na gestacdo e o numero de fibras é determinado até o momento do parto. Apds o
nascimento, pode ser observado um pequeno aumento no numero de células devido a
maturagdo de miotubos pré-existentes ou de grupos de fibras ndo identificadas (ASHMORE et
al., 1972; PICARD et al., 2002; LEFAUCHEUR, 2010).

A miogénese, fusdo dos mioblastos para formacdo das fibras musculares, ocorre em

fases distintas. Na primeira, originam-se fibras primarias, as quais formam estrutura para o
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desenvolvimento de células secundéarias, formadas durante o segundo momento de
diferenciacdo dos mioblastos fetais (ASHMORE et al., 1972; DU et al., 2014). Uma terceira
populacdo de mioblastos, que ndo sofre diferenciacédo, localiza-se proximo as miofibras e séo
chamadas de células satélites.

As células satélites, mononucleadas e mitoticamente ativas, promovem crescimento
muscular pos-natal (hipertrofia). Estas células sdo incorporadas pelas fibras musculares, como
fonte extra de nucleo, aumentando a quantidade de DNA (acido desoxirribonucléico) para a
producdo de proteina (FU et al., 2015). Este evento € marcado pelo aumento consideravel no
namero de nucleos das fibras musculares (DU et al. 2014).

A frequéncia de células satélites pode ser decisiva na hipertrofia muscular. O nimero
de células satélites presentes no musculo varia com a idade, o tipo de masculo, a nutricao e a
demanda de esforco. Em geral, os musculos oxidativos possuem uma maior densidade de

celulas satélites que os musculos glicoliticos (DU et al., 2014).

2.2.2 Modulagéo da fibra muscular

A modulacédo de fibras musculares consiste na transformacdo de um tipo de fibra em
outro, no periodo pos-natal. Este processo pode ser ocasionado por diferencas entre as ragas
(BUNGER et al., 2009), idade (PEINADO et al., 2004), manejo alimentar e sistema de
terminagdo (GALLO et al. 2009; SANTELLO et al, 2010) e tipo de musculo
(ITHURRALDE et al., 2015), dentre outros fatores.

O tecido muscular esquelético apresenta grande plasticidade resultantes da transicao
da expressdo de cadeias de miosina pesadas na sequéncia de uma via obrigatoria [ <> IIA <
1X — IIB (PICARD et al., 2002). Em geral, durante o crescimento pos-natal de musculos
mistos de mamiferos, observa-se um aumento de fibras Tipo IIB e Tipo 11X, bem como uma
diminuicdo de fibras Tipo 1A (PICARD et al., 2002). Em cordeiros, entre 0 nascimento e 15
dias de idade, foi observado aumento da frequéncia das fibras Tipo 1B associado a reducédo
das fibras Tipo IIA (PEINADO et al., 2004), enquanto que a frequéncia das fibras Tipo |
manteve-se constante no periodo de desenvolvimento pos-natal e as fibras Tipo IIC foram
observadas apenas em animais adultos. N&do foram encontrados relatos sobre a transicdo

envolvendo a fibra Tipo IIC.
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2.2.3 Fibra muscular versus qualidade da carne

O tipo de fibra muscular predominante na musculatura do animal tem influéncia sobre
as caracteristicas de qualidade da carne. Musculos com predominancia de fibras vermelhas
s80 mais suscetiveis ao encurtamento pelo frio (LEFAUCHEUR, 2010), o que afeta a maciez
da carne, reduzindo sua maciez.

A maturacdo da carne e, consequentemente, 0 seu amaciamento, ocorrem mais
lentamente em mausculos que apresentam maior frequéncia de fibras oxidativas, ou seja, a
proteolise ocorre com menor intensidade, com diminui¢do da maciez final da carne. Esta
reducdo no amaciamento da carne pode estar associada a presenca de maior quantidade de
calpastatinas nos musculos vermelhos, que sdo inibidores naturais das calpainas, principal
complexo enzimatico proteolitico (SANTELLO et al., 2010).

Ainda o tipo de fibra influencia no sabor, uma vez que estas diferem no seu teor de
gordura e metabdlitos. Estas diferencas afetam tanto as propriedades sensoriais e nutricionais
da carne, quanto as caracteristicas de conservacdo (lipdlise, oxidacdo) (HOCQUETTE et al.,
2012). O teor de lipideos € maior nas fibras do tipo I, intermediario no tipo IlA e menor no
tipo 11B.

A suculéncia e o rendimento da carne podem ser influenciados pelo tipo de fibra.
Mdusculos com predominancia de fibras brancas (Tipo 11B) sdo mais propensos a desenvolver
a condicdo PSE (palida, sem firmeza, exsudativa), por serem ricas em glicose e glicogénio,
possibilitando queda mais acentuada do pH (HOCQUETTE et al., 2012; CHRIKI et al.,
2013a).

Em estudo realizado em cordeiros ¥ Dorper-Santa Inés, foi observado que o musculo
Semitendinosus apresentou 5% mais fibras glicoliticas do que o Longissimus lumborum.
Carnes com proporcao de fibras glicoliticas maior que fibras oxidativas, tendem a ser mais
duras, em consequéncia do menor teor de lipidios e maior quantidade de tecido conjuntivo
(SANTELLO et al., 2010).

Uma vez que a variagdo no tipo de fibra apresenta impacto sobre as caracteristicas dos
musculos e consequentemente sobre a qualidade da carne, o conhecimento do tipo de fibra e
suas caracteristicas pode contribuir para a indicacdo de usos comerciais para cada musculo
(ITHURRALDE et al., 2015).
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2.2.4 Efeito da dieta animal na fibra muscular esquelética

Na literatura sdo relatadas evidéncias de que a natureza da dieta, sua composicdo e
nivel de energia influenciam diretamente as caracteristicas das fibras musculares e
consequentemente a qualidade da carne. A restricdo alimentar em cordeiros reduziu a sintese
de proteina no musculo, o que atrasou a hipertrofia ou causou atrofia muscular (ZHAO et al.,
2016). Ainda, a desnutricdo (dieta composta exclusivamente de feno) influenciou
negativamente a morfologia muscular dos cordeiros, evidenciado pelo menor didmetro e area
das fibras musculares, podendo resultar em prejuizos a qualidade da carne (GALLO et al.,
2009).

Adicionalmente, a inclusdo de suplemento as dietas dos animais pode alterar a
composicao de fibras nos musculos. Estudo comparando sistemas de alimentacdo (indoor vs.
pastagem) e suplementacdo (controle vs. torta de oliva (280 g/animal/dia)), mostrou que o
musculo de cordeiros Barbarine alimentados com pastagem apresentou maior proporcdo de
fibras tipo I (11,5 vs. 7%) e a suplementacdo ndo afetou a proporcdo de fibras; contudo
aumentou metabolismo glicolitico e reduziu o metabolismo oxidativo (HAMDI et al., 2016).
J4, a suplementacdo com gréos de girassol (9,10%) em cordeiros %2 Dorper-Santa Inés
promoveu alteragdes nas fibras musculares em diferentes musculos analisados, representadas
pelo maior didmetro das fibras brancas no Semitendinosus e pelo maior didmetro de fibras
vermelhas no Longissimus lumborum (SANTELLO et al., 2010).

2.3 PRODUTOS CARNEOS

Segundo a Associacdo Brasileira da Indastria Alimenticia (ABIA, 2018), o
faturamento nacional de derivados da carne dobrou no periodo de 2010 a 2016, passando de
66 para 133,1 bilhdes de Reais, indicando aumento na comercializagéo e consumo. Do ponto
de vista mercadoldgico, o desenvolvimento de produtos carneos precisa acompanhar as
constantes evolugdes da sociedade, satisfazendo as diferentes necessidades dos consumidores
e seus diversos habitos de consumo. Produtos carneos tais como hamburguer e alméndega
tornaram-se alimentos populares e convenientes, pela economia, praticidade de preparo e por
possuir nutrientes que alimentam e saciam a fome rapidamente, o que combina com 0 modo
de vida atual (BORBA et al., 2013).

O hamburguer € definido como um produto carneo industrializado obtido da carne

moida dos animais, adicionado ou nédo de tecido adiposo e ingredientes, moldado e submetido
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a processo tecnolégico adequado, devendo a textura, cor, sabor e odor serem caracteristicos
(BRASIL, 2000a). A composi¢do quimica do hamburguer deve apresentar no maximo 23% de
gordura, no minimo 15 % de proteina e 3% de carboidratos totais e teor de célcio de 0,1%
(maximo em base seca) (BRASIL, 2000a).

Entende-se por almdndega o produto carneo industrializado, obtido a partir da carne
moida de uma ou mais espécies de animais de acougue, moldada na forma arredondada,
adicionada de ingredientes e submetido ao processo tecnoldgico adequado. Quanto ao
processamento o produto pode ser cru, semi-frito, frito, cozido ou esterilizado, designado
almdndega, seguido do nome da espécie animal, acrescido ou ndo do termo "carne" (BRASIL,
2000b). A composicdo quimica das almdndegas deve atender 0s seguintes requisitos: maximo
de 18 % de gordura, minimo de 12 % de proteina, maximo de 10 % de acUcares totais
(carboidratos) e teor de célcio maximo de 0,1 % em alméndega crua e 0,45 % em alméndega
cozida (BRASIL, 2000b).

Apesar de hambdrguer e alm6ndega reunirem diversas caracteristicas comuns, cada
produto apresenta identidade prépria. Alem da definicdo regulamentar e composicdo quimica,
uma das principais diferencas esta na forma de consumo, visto que o hamburguer geralmente
é consumido na forma de lanches e fast foods. Por outro lado, a alméndega comumente é
consumida durante as refei¢cdes principais, almoco e janta, normalmente servida com molhos

diversos. Dessa forma, o modo de preparo pode influenciar na aceitabilidade do produto.

2.4 CAROCO DE ALGODAO

A semente ou caro¢co de algoddo é o subproduto do beneficiamento e/ou
descarocamento, visando a separacdo da fibra (Figura 1). Constitui uma das principais
matérias-primas para a industria de 6leo comestivel, originando a torta e o farelo, os quais séo
utilizados no preparo de racdes, como fontes de proteina de boa qualidade (EMBRAPA,
2003).

Figura 1 — Algodao e seus subprodutos.

Rt

Farelo de algoddo

vCaroygo. &e alg'odéo

Algodzo
Fonte: Embrapa, 2003.
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O carogo de algoddo possui 23,0% de proteina bruta, 17,8% de extrato etéreo, 47,0%
de fibra em detergente neutro (FDN), 39% de fibra em detergente &cido (FDA) e 95% de
nutrientes digestiveis totais (NRC, 2007). Tal composi¢do caracteriza-o como um bom
suplemento energético e proteico para adi¢do na racdo animal, permitindo incrementar a dieta,
com custos reduzidos (PAIM et al., 2010; OLIVEIRA et al., 2013).

Entretanto, apesar de ser um produto de elevado valor nutricional, o caroco de algodéo
possui limitagdes nutricionais, sendo a principal delas a presenca do gossipol, pigmento
amarelo, classificado como aldeido polifendlico e presente no algoddo e seus coprodutos,
principalmente na semente ou carogo (PAIM et al., 2010; GADELHA et al., 2014). Embora
considerado em baixas proporc¢des (0,4 a 1,2%), o gossipol presente na forma livre no carogo
de algoddo, pode combinar-se com proteinas formando complexos ndo assimilaveis pelos
animais (CARVALHO et al., 2013; GADELHA et al., 2014), sendo que sua toxicidade esta
associada aos efeitos negativos provocados nos animais, tais como reducdo da fertilidade,
interferéncia na fungédo imune, reduzindo a resisténcia do animal a infec¢des e prejudicando a
eficiéncia das vacinas (GADELHA et al., 2014). Estudos apontam que animais monogastricos
apresentam elevado grau de sensibilidade ao gossipol, enquanto que 0s ruminantes se
mostram mais tolerantes a esta substancia, provavelmente devido a detoxificagdo ruminal
(PAIM et al. 2010; VIEIRA et al., 2010).

A presenca de gossipol na carne poderia causar alteracbes indesejaveis nas suas
caracteristicas sensoriais (PAIM et al., 2010). Por outro lado, Senegalhe et al. (2014) sugerem
que tais alteracfes podem ser causadas pelo excesso de acidos graxos insaturados presentes no

caroco de algoddo que escapam da biohidrogenagdo ruminal.

Estudos relacionam o gossipol com a qualidade da carne de animais alimentados com
caroco de algodao, especialmente para ruminantes. A qualidade da carne de ovinos em
diferentes estados fisiologicos alimentados com dietas suplementadas com caroco de algodéo
foi considerada de boa aceitacdo pelos apreciadores de carne ovina (PINHEIRO et al., 2012).
Em outros trabalhos, ndo foi detectado residuo de gossipol na carne de ovinos suplementados
com carogo de algodao (VIEIRA et al., 2010; VIANA et al., 2014).
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3 ARTIGO 1 - Niveis séricos, modulacdo das fibras musculares esqueléticas e sua
relacdo com a qualidade da carne de cordeiros alimentados com niveis de caroco de

algodéo

Artigo em fase de revisdo pelos autores para ser submetido ao periédico Meat Science.
[Versio em  Portugués]. Configurado conforme as normas da  Revista

(https://www.elsevier.com/journals/meat-science/0309-1740/quide-for-authors ).

Resumo

Objetivou-se avaliar os niveis séricos, a modulacdo das fibras musculares do Longissimus
thoracis de cordeiros alimentados com caroco de algoddo (CA) e sua relacdo com a qualidade
da carne. Foram utilizados 50 cordeiros lle de France, sendo cinco referéncias, cinco
tratamentos (0, 10, 20, 30 e 40% CA) e nove repeticdes, em delineamento inteiramente
casualizado. Awvaliou-se a correlacdo entre as fibras musculares e as caracteristicas
qualitativas da carne. Os niveis de colesterol, proteinas totais e gama glutamil transpeptidase
aumentaram (P<0,05) com os niveis de carogo de algoddo na dieta. Verificou-se modulagédo
(P<0,05) das fibras musculares, com aumento das vermelhas, reducdo das glicoliticas e
modulacdo das Tipo 1IB para Tipo IIA. A dieta influenciou (P<0,05) apenas a area relativa
das fibras Tipo IIC. Concluiu-se que o efeito do tempo foi mais pronunciado que o efeito da
dieta na modulacdo das fibras musculares, as quais estavam intimamente associadas a

qualidade da carne.

Palavras-chave: Histoquimica, ATPase miosinica, qualidade da carne, Longissimus

thoracics.

1 Introducao

A dieta animal envolve altos custos de producdo, sendo oportuno o estudo de
ingredientes alternativos, que fornegcam os nutrientes adequados, aliado ao baixo custo. Neste
sentido, o emprego de carogo de algoddo (CA) na dieta de ruminantes vem se destacando
principalmente em virtude de seus altos teores de proteinas (23%) e lipideos (17,8%) (NRC,

2007). No entanto, o carogo de algoddo pode conter quantidade varidvel de gossipol,
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pigmento amarelo contido nas glandulas do algodao (Gadelha et al., 2014), que na sua forma
livre pode ser toxico aos ruminantes jovens, quando a capacidade de desintoxicacdo for
excedida (Solaiman, Gurung, McCrary, Goyal, & McElhenney, 2009). A fragilidade dos
eritrocitos tem sido usada como indicador de toxicidade do gossipol (Dayani, Dadvar, &
Afsharmanesh, 2011, Camara, Vale, Mattoso, Melo, & Soto-Blanco, 2016, Ismartoyo, 2016),
enquanto que a avaliacdo dos niveis séricos reflete a condicdo nutricional dos animais
(Gonzalez, Barcellos, & Patifio, 2000).

O uso de subprodutos do algoddo (carocgo, torta e farelo) na nutricdo de pequenos
ruminantes foi amplamente pesquisado, abordando seu efeito sobre os custos de producao,
comportamento ingestivo, niveis séricos e desempenho da carcaca (Dayani, Dadvar, &
Afsharmanesh, 2011, Lima Junior et al., 2012, Piona et al., 2012; Rufino Junior et al. 2015,
Pilleco 2016); bem como seu efeito na qualidade da carne, tendo como principais temas
pesquisados a composicdo fisico-quimica, o perfil de acidos graxos e aminoacidos, a
identificacdo de compostos orgénicos volateis e a aceitacdo sensorial da carne de cordeiros
alimentados com subprodutos de algodao (Madruga et al., 2008, Paim et al., 2010, Vieira et
al., 2010, Paim, Louvandini, McManus, & Abdalla, 2010, Paim et al., 2014, Viana et al.,
2014, Pellegrini, 2017). Contudo, ndo foram encontrados estudos do efeito da inclusédo de
subprodutos de algoddo na dieta de cordeiros sobre a expressdo de suas fibras musculares
esqueléticas, sendo um tema relevante a ser investigado.

Cada musculo é formado por uma combinagdo de fibras musculares, sendo que a
frequéncia de cada tipo de fibra, o didmetro e a &rea, bem como suas propriedades contréateis e
metabolicas sdo considerados fatores importantes, uma vez que podem influenciar tanto
diretamente na qualidade da carne, quanto promover alteracbes na elaboracdo de produtos
carneos (Ithurralde et al., 2015). As fibras musculares podem ser classificadas de acordo com

as propriedades metabdlicas, fisiologica e contratil. Comparacfes diretas entre essas
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propriedades permitem classificar as fibras musculares em trés categorias: Tipo | (vermelha,
aerobica, oxidativas de contracdo lenta, SO — Slow oxidative), Tipo A (intermediarias,
oxidativas glicoliticas contracdo rapida, FOG — Fast oxidative and glicolytic) e as fibras Tipo
I1B (brancas, anaerdbicas, glicoliticas de contracdo rapida, FG — fast glicolytic) (Ryu, & Kim,
2005, Choe, & Kim, 2009, Chriki et al. 2012). A identificacao das fibras musculares (I, 1A e
I1B) pode ser feita através de técnicas histoquimicas, dentre as quais destaca-se m-ATPase
(ATPase miosinica) (Brooke, & Kaiser, 1970). O principio desta técnica baseia-se no
comportamento diferenciado das fibras musculares frente a diferentes valores de pH, devido a
concentracdo muscular de fosfatase alcalina ou acida (Loughlin, 1993).

O método histoquimico permite distinguir outro tipo de fibra, denominada Tipo 1IC
(Peinado et al., 2004), a qual tem sido considerada fibra ndo diferenciada ou precursora das
fibras Tipo IIA e Tipo 1IB (Brooke, & Kaiser, 1970), fibra que sofreu mudancas devido a
doencas ou injarias (Ramos, & Gomide, 2009) ou fibra imatura (Dubowitz, Sewry, & Oldfors,
2013). As fibras Tipo I1C s&o consideradas fibras hibridas devido a coexisténcia das miosinas
de cadeia pesada I e Il (principalmente MHCIla) (Hori, Ishihara, Kobayashi, & Ibata, 1998),
apresentam velocidade de contracdo réapida e alta resisténcia a fadiga (Nakatani, Nakashima,
Kita, & Ishihara, 2003).

A qualidade da carne ¢ resultado das caracteristicas das fibras musculares, as quais
podem ser influenciadas por diferencas entre as racas (Bunger et al., 2009), idade (Peinado et
al., 2004), tipo de musculo (Ithurralde et al., 2015), bem como manejo alimentar e sistema de
terminacdo (Gallo, Siqueira, Delgado, Silva, & Rosa, 2009, Santello et al., 2009, Santello et
al., 2010, Joo, Kim, Hwang, & Ryu, 2013, Hamdi et al., 2016). Assim, objetivou-se avaliar 0s
niveis sérios, a modulacdo das fibras musculares esqueléticas de cordeiros lle de France
alimentados com niveis de carogo de algodao (0; 10; 20; 30 e 40%), bem como a relacdo das

fibras musculares esqueléticas do Longissimus thoracis com a qualidade da carne.
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2 Material e métodos

Este trabalho foi aprovado pelo Comité de Etica em Uso Animal (CEUA) do Instituto
Federal Farroupilha, Protocolo 01.0378.2015 / 001.2015.
2.1 Local e época

O experimento com os cordeiros foi realizado no Instituto Federal de Educacéo,
Ciéncia e Tecnologia Farroupilha, localizado na cidade de Julio de Castilhos, RS, Brasil. O
municipio esta situado a 513 metros de altitude, latitude de 29°18'35™" Sul e sua longitude é
53°71'23" Oeste.
2.2 Tratamentos

Foram utilizados 50 cordeiros lle de France, machos inteiros, sendo 5 animais
referéncia (abatidos no inicio do experimento, 60 dias, peso médio 20 Kg) e 45 cordeiros
confinados, divididos em cinco tratamentos com nove repeti¢es cada. Os tratamentos foram
constituidos por niveis de inclusdo de caroco de algodao integral (Gossypium hirsutum L.) na
dieta (0, 10, 20, 30 e 40% de CA na matéria seca), sendo que cada grama de carogo de
algoddo continha 3,65 mg de gossipol. As dietas foram calculadas de modo a atender as
exigéncias nutricionais de cordeiros em crescimento (NRC, 2007), conforme Tabela 1. Ap6s o
desmame (60 dias) e adaptacdo as condicBes experimentais (7 dias), os cordeiros foram
terminados em confinamento, em baias individuais, totalmente cobertas, com piso ripado,
com aproximadamente 2m?2 de area, providas de bebedouros e comedouros. O arragoamento
foi ad libitum e o consumo foi monitorado duas vezes ao dia, em horarios pré-estabelecidos as
7:00 e 16:00 horas. Ap0s a adaptacdo (peso médio inicial 19,26 Kg, idade 67 dias), o0 ensaio
de alimentacao estendeu-se até 0 momento em que cada cordeiro atingiu o peso de abate pré-
estabelecido, correspondente a 60% do peso vivo a maturidade, ou seja, 36 kg de peso vivo,
quando entdo foram abatidos (tempo médio de confinamento 64 dias, peso médio final 36.64

Kg, idade 127 dias). Os cordeiros foram submetidos a jejum de sélidos por 12 horas, em
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seguida pesados, insensibilizados com pistola pneumatica, seguido de sangria, esfola,
evisceracdo, pesagem, lavagem e resfriamento das carcacas em camara fria a 2°C por 24 horas
(Brasil, 1952).
2.3 Amostragem e analise dos niveis séricos

Antes da insensibilizacdo, as amostras de sangue foram coletadas por puncdo na veia
jugular, centrifugadas a 3000 rpm para obtencédo do soro, o qual foi armazenado a -12 °C até o
momento das analises. As concentracdes plasmaticas de albumina, colesterol, fosfatase
alcalina, gama glutamiltransferase (GGT), glicose, proteinas totais, aspartato-
aminotransferase (AST), alanina-aminotransferase (ALT) e triglicerideos foram determinadas
por meio dos Kits colorimétricos comerciais (ref. 19, 76, 40, 105, 133, 99, 52, 53, 87,
respectivamente), de acordo com as instrucdes do fabricante (Labtest Diagnostica S. A.,
Lagoa Santa, MG, Brasil).
2.4 Amostragem do musculo

Ap0s o periodo de resfriamento das carcacas (24h), foram coletadas amostras (1 cm x
1 cm x 0,5 cm) do musculo Longissimus thoracis da carcaca (lado direito, porcdo medial),
armazenadas em microtubo Eppendorf, congeladas em nitrogénio liquido e mantidas a — 80°C
até o momento das analises.
2.5 Histoquimica, tipos de fibras e analises morfométricas

As amostras do tecido muscular congeladas foram fixadas em suportes metalicos
especificos utilizando resina Optimal Critical Temperature compound — OCT Tissue-Tek® e
mantidas (-20°C) no criostato Leica® CM1850™ (Leica Microsystems, Wetzlar, Germany),
até o momento do corte. Para a montagem da ldmina histoldgica, foram realizados cortes
transversais seriados, 10 pm de espessura, os quais foram aderidos a lamina por aproximagao.

Inicialmente os cortes histologicos foram estabilizados a temperatura ambiente. Em

seguida, os mesmos foram corados de acordo com o protocolo descrito por Loughlin (1993),
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baseando-se nas variacdes de sensibilidade para atividade de adenosina trifosfatase miofibrilar
(mATPase ou ATPase miosinica) em exposicdo a diferentes valores de pH. Sendo assim,
foram preparadas duas laminas por unidade experimental (animal), as quais foram incubadas
em solucéo pH 4,3 e pH 4,6, a fim de distinguir os diferentes tipos de fibras.

As imagens foram capturadas através do Microscopio 6ptico Olympus® (modelo
BX51, Olympus, Tokyo-Japan), com objetiva de 20X. Em cada lamia, foram capturadas
imagens de 20 campos microscépicos, dentre as quais foram escolhidas dez melhores para
realizar a analise das fibras.

Com base na intensidade do seu tingimento histoquimico quando incubado a um
determinado pH, as fibras apresentaram coloracéo palida, intermediaria e escura (Figura 1).
Assim, a identificacdo e classificacdo das fibras musculares foi realizada pela seguinte

relacdo: Tipo I (escura, pH 4,3), Tipo A (palida, pH 4,6), Tipo IIB (intermediaria, pH 4,6) e

Tipo IIC (intermediéria, pH 4,3) (Loughlin, 1993).

pH 4,6

Fig. 1. Secdes transversais do muasculo Longissimus thoracis reagidas pelo método m-ATPase
e incubadas em pH 4,3 e 4,6.

Para cada tipo de fibra foi mensurada a &rea da seccdo transversal (Lm?) e menor
didametro (um) para evitar efeito de bisel, com auxilio de uma mascara de grade, no software

livre Image J (National Institutes of Health, NIH, Maryland-USA). A frequéncia (%) das
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fibras foi calculada pela razdo do nimero absoluto de cada tipo de fibra na mascara de grade,
pelo numero total de fibras contadas, multiplicando-se o quociente por 100 (Ramos, &
Gomide, 2009). A area relativa (%) foi determinada pela razdo do produto de cada fibra com
sua respectiva frequéncia, pelo somatorio dos produtos de todas as fibras pelas suas
frequéncias, e o resultado foi multiplicado por 100.

Velocidade de contracdo, cor e metabolismo das fibras foram expressos em % de area
relativa, sendo os tipos de fibras classificados da seguinte maneira: lentas (Tipo 1), rapidas
(Tipo A + Tipo IIB + Tipo IIC), vermelhas (Tipo | + Tipo 11A), brancas (Tipo 1IB + Tipo
I1C), oxidativas (Tipo 1), oxidativo-glicoliticas (Tipo 11A), glicoliticas (Tipo IIB + Tipo IIC).
2.6 Dados de qualidade da carne

Para andlise de correlcdo entre as caracteristicas das fibras musculares esqueléticas e
sua relacdo com a qualidade da carne de cordeiro, foram utilizados os dados obtidos por
Pellegrini (2017), referentes as analises: cor (10 variaveis), perfil de textura e sensorial (17
variaveis), fisico-quimicas (13 variaveis) e perfil de acidos graxos (18 variaveis) (dados nédo
mostrados).

2.7 Delineamento experimental e analise estatistica

Os dados foram sujeitos a investigacdo de outliers a partir do residuo estudentizado.
Posteriormente, foram submetidos a anélise de variancia univariada (ANOVA).

Para verificar se houve modulacdo de fibras musculares esqueléticas durante a fase de
terminagdo em confinamento, os dados dos cordeiros abatidos no inicio do experimento
(referéncia) foram analisados conjuntamente com o0s dos cordeiros abatidos ao final do
experimento (confinados) em delineamento inteiramente casualizado, com seis (6)
tratamentos (referéncia, 0, 10, 20, 30 e 40% CA) e numero diferente de repeticdes (5

referéncias, 9 confinados) utilizando o procedimento GLM. As médias foram ajustadas pelo



28

método dos quadrados minimos ordinarios com o comando LSMEANS e comparadas por
contraste.

Para avaliar o efeito da inclusdo de caroco de algoddo na dieta sobre as variaveis de
niveis séricos e as caracteristicas das fibras musculares esqueléticas, os dados dos cordeiros
abatidos no final do experimento foram analisados em delineamento inteiramente casualizado,
com cinco (5) tratamentos (0, 10, 20, 30 e 40% CA) e nove (9) repeticdes cada, sendo 0 peso
inicial dos animais usado como covariavel, utilizando o procedimento GLM. As médias foram
ajustadas pelo método dos quadrados minimos ordinarios com o comando LSMEANS e
comparadas pelo teste t. Além disso, testaram-se as tendéncias linear e quadratica via
contrastes a partir dos coeficientes para interpolacdo dos polindmios ortogonais.
Adicionalmente foi ajustada regressao polinomial com o procedimento RSREG e os valores
de r2 expressos em relacdo a fonte tratamentos (regressdo + falta de ajuste). Em seguida,
efetuou-se analise de correlacdo parcial de Spearman entre as caracteristicas das fibras
musculares esqueléticas do Longissimus thoracis e 58 variaveis da qualidade da carne, sendo
0s niveis de caroco de algoddo utilizados como covariavel.

As andlises estatisticas foram realizadas no aplicativo SAS® - Statistical Analysis System
versdo 9.4 (SAS Institute Inc., Cary - NC, USA) ao nivel de 5% de significancia.

3 Resultados e discussao
3.1 Niveis séricos

A medida que aumentou o nivel de caroco de algod3o na dieta foi observado aumento
do grau de hemdlise em 0; 11; 22; 33 e 44% para os tratamentos com dietas 0; 10; 20; 30 e
40% CA, respectivamente (Ppemerise = 1,1CA; 2 = 0,99). O aumento da hemolise esta
associado a alteragbes bioquimicas induzidas pelo gossipol livre que escapou da

desintoxicacdo do rumen e / ou gossipol ligado que foi hidrolisado no rimen e absorvido
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através do intestino delgado, causando fragilidade dos eritrécitos (Rogers, Poore, &Paschal,
2002, Ismartoyo, 2016).

Né&o foi verificado efeito (P>0,05) do caroco do algodao na glicose, triglicérides e
albumina sericas (Tabela 2). Entretanto, verificou-se efeito (P<0,05) do caroco de algod&o nos
niveis de colesterol e proteinas totais. Tais alteracfes devem-se ao fato do caroco de algodéo
ser rico em proteinas (23,3%) e lipideos (22,7%) (Pilecco, 2016), sendo que o metabolismo
destes constituintes influencia diretamente suas concentracGes plasmaticas. A inclusdo de
caroco de algoddo aumenta a exportacdo de colesterol lipoproteico pelo intestino, principal
local da sintese de novo colesterol em ruminantes (Noble, 1981). Estudos anteriores relataram
que o 6leo do caroco de algoddo tem a capacidade de aumentar 0s niveis sanguineos de
colesterol e triglicerideos (Hernandez, Dryden, Marchello, & Shell, 1978, Garcia, Amstalden,
Morrison, Keisler, & Williams, 2003). Além disso, 0 aumento dos niveis séricos de colesterol
pode ser justificado pelo aumento de acido oleico (18:1 cis-9), principal acido graxo
precursor do colesterol em mamiferos (Faria et al., 2012); uma vez que com o aumento dos
niveis de caroco de algodao, aumentou a concentracdo de acido oleico na dieta (Pellegrini,
2017). Os valores encontrados para 0s constituintes sanguineos estavam de acordo com 0s
valores referéncia para ovinos (Feldman, Zinkl, Jain, 2000) e foram corroborados com 0s
encontrados na literatura (Dayani, Dadvar, & Afsharmanesh, 2011, Camara, Vale, Mattoso,
Melo, & Soto-Blanco, 2016, Lestingi, Facciolongo, Marzo, Nicastro, & Toteda 2016).

Dentre as enzimas indicativas de extravasamento hepatocelular, a aspartato
aminotransferase (AST) e fosfatase alcalina (ALF) estavam de acordo com os valores
referéncia (Feldman, Zinkl, Jain, 2000). O conteudo de alanina aminotransferase (ALT) foi
levemente maior (31,37 UI/L) que o valor referéncia (30 UI/L). A enzima gama glutamil
transpeptidase (GGT) aumentou (P<0,05) com os niveis de caroco de algoddo, sendo que a

partir da inclusdo de 13,48% CA (§g6r = 30,17 + 1,62CA; r? = 0,92), os resultados de
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GGT extrapolam os valores referéncia, acima da normalidade, indicando possivel lesdo
hepéatica aguda (Gonzalez, Barcellos, Patifio, 2000). Camara et al. (2016), ao avaliarem a
inclusdo de 40% de torta de algoddo (3,28 mg.g™ de gossipol livre e 0,11 mg.g™ de gossipol
ligado) na dieta de fémeas Santa Inés confinadas por 63 dias, encontraram 29,7 (x 8,8); 144 (+
40,8) e 48,3 (+ 5,82) U/L, para as enzimas ALT, AST e GGT, respectivamente; e ndo foram
observados sinais de toxicidade provocada pelo gossipol no periodo estudado.

Os constituintes bioquimicos avaliados no soro dos cordeiros indicam a condicdo
nutricional e funcdo hepética dos animais (Feldman, Zinkl, & Jain, 2000). Assim, pode-se
inferir que os niveis de caroco de algoddo ndo afetaram a condicdo nutricional dos animais;
entretanto, promoveram alteracGes importantes nos niveis de enzimas indicadoras da funcéo
hepética, sugerindo que a adicdo deste ingrediente na dieta pode causar danos as células
hepéticas, podendo causar prejuizos a saude dos animais quando alimentados por longos
periodos.

3.2 Fibras musculares esqueléticas

Os resultados do efeito do tempo (referéncia x CA) e do efeito da dieta (0; 10; 20; 30;
40% CA) em todas as varidveis estudadas foram compilados na tabela 4 (Material
complementar). As variaveis que diferiram (P<0,05) de acordo com o tempo foram
apresentadas nas figuras 2 e 3; e a que diferiu (P<0,05) de acordo com 0s niveis de carogo de
algodéo foi apresentada na figura 4.

3.2.1 Modulagéo das fibras musculares esqueléticas

A modulacdo das fibras musculares esqueléticas consiste na transicdo de um tipo de
fibra em outro, no periodo pés-natal. O tempo (referéncia x CA) de confinamento ndo afetou
(P>0,05) a velocidade de contracdo (Figura 2, A); mas promoveu modulagdo (P<0,05) na cor
(Figura 2, B), no metabolismo (Figura 2, C) e nas caracteristicas morfométricas das fibras

musculares esqueléticas (Figura3).
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O tempo (referéncia x CA) de confinamento influenciou (P<0,05) a cor do musculo,
com aumento da expresséo das fibras vermelhas e reducdo das fibras brancas. Em geral, com
0 aumento da idade dos animais aumenta o metabolismo glicolitico, devido ao aumento do
diametro das fibras que reduz a difusdo de oxigénio, reduzindo assim o metabolismo
oxidativo (Picard, Lefaucheur, Berri, & Duclos, 2002, Peinado et al., 2004). No entanto, no
presente trabalho o tempo (referéncia x CA) de alimentacdo promoveu relacdo inversa entre
metabolismo e idade, visto que houve reducdo (P<0,05) das fibras glicoliticas (Tipo IIB +
Tipo IIC) e aumento (P=0,0888) das fibras oxidativo-glicoliticas (Tipo 1l1A) (Figura 2, C).
Esta transicdo foi ocasionada pela natureza dos nutrientes fornecidos aos cordeiros no
confinamento, uma vez que o metabolismo das fibras € influenciado pelo aporte nutricional da
dieta. As fibras glicoliticas utilizam reservas glicidicas (glicose e glicogénio), enquanto que as
fibras oxidativas utilizam reservas lipidicas (triglicerideos, acidos graxos livres e volateis,
corpos cetonicos) (Picard, Lefaucheur, Berri, & Duclos, 2002).

As propriedades metabdlicas das fibras musculares influenciam tanto a qualidade da
carne, quanto seu beneficiamento e qualidade de seus derivados. No processamento da carne,
musculos oxidativos lentos estdo associados a carne mais vermelha, ao sarcomero altamente
encurtado e a menor intensidade de proteolise, reduzindo a maciez final da carne (Santello et
al., 2010). Assim, musculos com predominancia do metabolismo oxidativo poderiam se
beneficiar mais por estimulacdo elétrica (Ithurralde et al., 2015). Por outro lado, musculos
glicoliticos rapidos estdo associados com menor pH final da carne e reducdo da capacidade de
retencdo de agua, o que poderia resultar em menor capacidade de emulsificacdo (Ithurralde et
al., 2015).

Conforme esperado, os animais confinados apresentaram maiores (P<0,05) diametro
(Figura 3, A) e area (Figura 3, B) em todos os tipos de fibras do Longissimus thoracis, com

aumento médio de 27 e 63%, respectivamente. O aumento do tamanho das fibras (hipertrofia)
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no desenvolvimento pds-natal do animal esta associado a idade de abate (Peinado et al.,
2004), ao tipo de musculo e sua taxa de exercicio (Ithurralde et al., 2015), ao sistema de
terminacédo (Santello et al., 2010) e a qualidade nutricional da dieta (Gallo, Siqueira, Delgado,
Silva, & Rosa, 2009). A hipertrofia indica maior deposi¢éo de proteina muscular, comprova a
eficiéncia nutricional da dieta e resulta em maior rendimento de carcaca (Chriki et al., 2013).

O confinamento alterou (P<0,05) a propor¢do dos tipos de fibras, evidenciado pelo
aumento da frequéncia de Tipo A e reducdo de Tipo IIB (Figura 3, C). Entretanto, a
proporcéo de area relativa no musculo foi alterada (P<0,05) apenas para as fibras Tipo I11B. A
proporcéo das fibras nos musculos é constantemente alterada no desenvolvimento poés-natal
do animal e pode exibir comportamentos diferentes de acordo com o periodo analisado. A
avaliacdo do Longissimus thoracis no desenvolvimento pés-natal (1 a 90 dias e adultos) de
cordeiros Segurefia mostrou que a modulacdo na proporc¢édo de fibras varia de acordo com o
tempo considerado; comparando-se o periodo de um a 30 dias pds-natal houve reducdo das
fibras Tipo IlA e aumento das Tipo IIB (Peinado et al., 2004). No periodo de 30 dias de idade
aos animais adultos, foi observada relacdo inversa, ou seja, aumentou Tipo 1A e reduziu Tipo
11B.
3.2.2 Efeito da dieta na performance das fibras musculares esqueléticas

A velocidade de contracdo, cor e metabolismo das fibras ndo foram alteradas (P>0,05)
de acordo com os niveis de caroco de algoddo na dieta dos cordeiros. O Longissimus thoracis
de cordeiros alimentados com caro¢o de algoddo caracterizou-se como musculo de contracdo
rapida (83,43% rapida vs. 16,59% lenta), coloracdo vermelha (63,44% vermelha vs. 36,58%
branca) e metabolismo oxidativo-glicolitico (16,59% oxidativo; 46,30% oxidativo-glicolitico;
36,58% glicolitico). Estes resultados concordam com os anteriormente relatados para
Longissimus thoracis de ovinos, que tem sido classificado como rapido, vermelho (Briand,

Talmant, Briand, Monin, & Durand, 1981); porém divergem quanto ao metabolismo, definido



33

como glicolitico por Ithurralde et al. (2015). Esta diferenca pode ser atribuida ao grau de
maturidade fisiolégica do animal, a porcdo do musculo onde foi feita a amostragem, bem
como ao sistema de terminacao.

Considerando-se as caracteristicas morfométricas (diametro, area, frequéncia e area
relativa) das fibras musculares do Longissimus thoracis, apenas a area relativa das fibras Tipo
11C foi alterada (P<0,05) com a incluséo de caroco de algoddo (9, = 15,90 + 0,08CA4; r? =
0,60) (Figura 4). O aumento das fibras glicoliticas esta associado ao aumento do declinio do
pH post mortem (Joo, Kim, Hwang, & Ryu, 2013). De fato, a area das fibras Tipo IIC estava
negativamente correlacionada (r = —0,31; P<0,05) com o pH inicial (Tabela 3) do musculo
Longissimus thoracis e ndo teve correlacdo significativa com o pH final (5,57) (Pellegrini,
2017). Apesar de pH inicial considerado normal estar entre 6,9 e 7,2 (Pardi, Santos, Souza, &
Pardi, 2006), a média do pH inicial do Longissimus thoracis dos cordeiros foi considerada
ligeiramente baixa (6,72) (Pellegrini, 2017) e nao teve influéncia na qualidade da carne.

Na literatura sdo relatadas diferencas no tamanho entre os tipos de fibras, de acordo
com a alimentacdo, tipo de musculo analisado e idade de abate. O Longissimus thoracis de
cordeiros adultos apresentou diferenca no diametro entre os tipos de fibras, sendo as fibras
Tipo 1A (20,54 um) menores que as fibras Tipo | (26,33 pum) e Tipo 1B (24,27 um) (Peinado
et al., 2004). O musculo Semitendinosus de cordeiros ¥2 Dorper-Santa Inés terminados em
diferentes sistemas de alimentacdo (confinamento e pastagem mais suplementacdo com 6leo)
apresentaram maior diametro para as fibras oxidativo-glicoliticas (43,71 um), seguido das
fibras glicoliticas (35,96 um) e oxidativas (20,34 um) (Santello et al., 2009). Cordeiros %
Dorper-Santa Inés terminados com grdo de girassol (9,10%) apresentaram diametros
semelhantes entre os tipos de fibras vermelhas (35,38 um), intermediarias (36,02 um) e
brancas (35,31 pm) para o musculo Semitendinosus; ja para o muasculo Longissimus

lumborum os didmetros entre os tipos de fibras apresentaram certa diferenciagdo, com valores
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de 28,71; 29,81 e 32,22 um para as fibras vermelhas, brancas e intermediarias,
respectivamente (Santello et al., 2010). De forma contraria aos resultados supracitados, no
presente trabalho o didmetro e a area das fibras ndo variaram entre os tipos (I, 1A, 11B e 1IC)
de fibras, com valores médios de 19,37 pm e 451,70 pum? respectivamente (material
complementar). A falta de diferenciacdo entre os tipos de fibras no diametro e o menor valor
observado, em relacdo aos relatados na literatura, podem indicar a maturidade fisioldgica
incompleta dos animais, ou seja, o crescimento muscular dos cordeiros ainda é bastante ativo
(Macedo, Pai-Silva, Pai, Macedo, & Martins, 2000).

A frequéncia dos tipos de fibras ndo variou (P>0,05) de acordo com o0s niveis de
caroco de algoddo; e o musculo Longissimus thoracis apresentou maior proporc¢édo de fibras
intermediarias (Tipo I1A = 48,32%), seguida das glicoliticas (Tipo IIB + Tipo IIC =
36,12%) e oxidativas (Tipo I = 15,82%). A proporcao da area relativa dos tipos de fibras
seguiu 0 mesmo padrdo da frequéncia, com valores médios de 46,27; 35,98 e 16,59% para as
fibras intermediarias, glicoliticas e oxidativas, respectivamente. Estes resultados sdo
consistentes com trabalhos anteriores que demonstraram que o sistema alimentar por curtos
periodos ndo influenciou a proporcdo de fibras no musculo de ovinos (Gallo, Siqueira,
Delgado, Silva, & Rosa, 2009, Santello et al., 2009; Santello et al., 2010b).

3.3 Relacgao entre fibra muscular e qualidade da carne

A carne é formada por inameros tecidos, com predominancia do tecido muscular,
composto de fibras musculares; logo, alteracdes nos tipos de fibras musculares refletem
diretamente na qualidade da carne. Qualidade tem sido definida como desempenho do produto
que resulte em satisfacdo do consumidor, sendo os principais atributos intrinsecos associados a
qualidade da carne: cor, sabor, textura, conservacdo (vida de prateleira), composi¢do quimica,
confiabilidade e conveniéncia (Chriki et al., 2013, Joo, Kim, Hwang, & Ryu, 2013,

Ponnampalam, Holman, & Scollan, 2016).
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As caracteristicas das fibras musculares do Longissimus thoracis foram
correlacionadas com as caracteristicas qualitativas da carne de cordeiro. As correlacdes
mostraram baixo ou médio grau de associacdo (baixo < 0,40 > médio < 0,70 > alto), sendo
que foram apresentadas apenas as variaveis e os coeficientes de correlagbes significativos
(P<0,05) e com significado préatico para este estudo (Tabela 3).

A cor da carne € o primeiro fator de qualidade avaliado pelo consumidor para sua
aquisicdo (Ponnampalam, Holman, & Scollan, 2016). Conforme esperado, as caracteristicas
das fibras vermelhas estavam positivamente correlacionadas com desoximioglobina (Tipo I,
r = 0,51%) e intensidade de vermelho (Tipo A, r = 0,47"), enquanto que as fibras brancas
(Tipo 1B e Tipo IIC) estavam negativamente correlacionadas com a intensidade de vermelho
e saturacdo da cor. A mioglobina adota estrutura de desoximioglobina quando a carne é
armazenada em ambiente anaerobico, e promove cor vermelho cereja a carne (Ponnampalam,
Holman, & Scollan, 2016). Assim, estes resultados estdo de acordo com as caracteristicas de
cor das fibras, visto que as fibras Tipo | e Tipo IIA possuem maior teor de mioglobina que as
fibras Tipo 1IB e Tipo 1IC (Choe, & Kim, 2009). Embora as fibras Tipo | possuam maior teor
de lipideos, o diametro e area destas fibras estava inversamente correlacionado com a
intensidade de amarelo.

A capacidade de retencdo de 4gua estava positivamente correlacionada (r = 0,37")
com o diametro das fibras oxidativas (Tipo 1). Da mesma forma, Ryu, & Kim (2005)
associaram o aumento da capacidade de retencdo de agua ao numero de fibras Tipo | e Tipo
I1A, devido a correlacdo inversa dessas fibras com perda de gotejamento no Longissimus
dorsi de porco. A capacidade de retencdo de agua influencia a qualidade da carne tanto in
natura quanto apds cozimento, pois estd intimamente relacionada a cor da carne fresca e a
maciez da carne cozida, respectivamente (Ryu, & Kim, 2005, Ponnampalam, Holman, &

Scollan, 2016).
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Em relacdo a textura, a fibra Tipo IIA (didmetro e area) estava negativamente
correlacionada (r = —0,37; P<0,05) com o valor de Warner-Bratzler Shear (WBS), isto é,
quanto maior o diametro e area das fibras Tipo IlA, menor a dureza (mais macio). Da mesma
forma, a fibra Tipo IIA apresentou correlacdo negativa (r = —0,38"; P<0,05) com a
coesividade, demonstrando que o aumento da frequéncia desta fibra, diminui a coesividade
(mais macio). Tal comportamento indica que considerando uma mesma area de tecido
muscular, quanto maior foi o didmetro das fibras, menor nimero de fibras estavam dispostas
nesse intervalo; e, portanto, menos tecido conjuntivo que permeava as fibras (endomisio) ou
feixe de fibras (perimisio) precisou ser rompido para os testes de textura (shear force e
coesividade), o que influenciou diretamente a maciez da carne. Assim, pode-se inferir que a
fibra Tipo IlIA estava relacionada com caracteristicas desejaveis da textura da carne de
cordeiro.

A carne de ovinos pode apresentar caracteristicas sensoriais indesejaveis, como sabor
e aroma mais intensos que o caracteristico, o que tem sido associado a alimentacédo, condicao
fisioldgica, castracdo e estresse pré-abate (Monte et al., 2012). As correlacdes entre atributos
sensoriais e caracteristicas das fibras, mostraram que aspectos indesejaveis (off flavour, sabor
metalico e sabor figado) estavam associadas a presenca das fibras Tipo I. J& 0 aumento das
fibras Tipo IlA estava associado a reducdo do off flavour (r = —0,39%) e sabor figado
(r = —0,41%).

Na literatura, € consenso que o contetdo de lipideos é elevado nas fibras Tipo |, alto
ou intermediario em nas Tipo IIA e baixo nas Tipo IIB (Picard et al., 2002, Choe, & kim,
2009, Chriki et al. 2012). Entretanto, no presente trabalho, o teor de lipideos no Longissimus
thoracis apresentou correlagdo positiva (r = 0,40*; P<0,05) apenas com a area relativa das
fibras Tipo 1IB. Em relacdo ao perfil de acidos graxos, observou-se que as fibras Tipo |

(lentas, oxidativas) estavam associadas com aspectos indesejaveis (aumento de acidos graxos



37

saturados, reducdo de &cidos graxos insaturados, menor relacdo monoinsaturados:saturados,
menor n3, maior nén3, maior indice de trombogenicidade); enquanto que as fibras Tipo 1A
(intermedidrias) estavam associadas as caracteristicas desejaveis do perfil de acidos graxos
(aumento de &cidos graxos insaturados e n3; reducdo de &cidos graxos saturados, relagdo

n6n3 e indice de trombogenicidade).

4 Concluséo

O caroco de algoddo na dieta dos cordeiros promoveu altera¢fes nos niveis de enzimas
indicadoras da funcdo hepética, sugerindo que a adi¢do deste ingrediente na dieta pode causar
danos as células hepaéticas.

O tempo (referéncia x CA) influenciou positivamente a modulagdo das fibras
musculares esqueléticas, promovendo o aumento do didmetro e area de todas as fibras; e foi
mais pronunciado que o efeito dos niveis de caroco de algodao.

A qualidade da carne foi influenciada pelas caracteristicas dos diferentes tipos de
fibras do Longissimus thoracis, sendo que as fibras intermediarias presentes em maior
quantidade no musculo foram positivamente correlacionadas com as caracteristicas desejaveis

de qualidade da carne.
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Fig. 2. Velocidade de contracdo (A), cor (B) e metabolismo (C) do Longissimus thoracis de
cordeiros alimentados com niveis de caroco de algoddo, em funcdo do tempo (referéncia x

CA).

O= Oxidativo, OG= Oxidativo-glicolitico, G= glicolitico. Dados expressos em % de area relativa. CA seguido de

“difere (P<0,05) da referéncia pelo teste t. ns= ndo significativo.
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Fig. 3. Diametro, um (A), area, um2 (B), frequéncia, % (C) e area relativa, % (D) das fibras musculares esqueléticas de cordeiros alimentados

com niveis de carogo de algoddo, em fungdo do tempo (referéncia x CA).

CA seguido de “difere (P<0,05) do referéncia pelo tete t. ns= néo significativo.
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Fig. 4. Area relativa (%) das fibras musculares esqueléticas de cordeiros alimentados com
niveis de caroco de algodédo, em funcéo do nivel de carogo de algodao.

Médias seguidas por letras distintas na mesma linha diferem (P<0,05) pelo teste t, de acordo com o nivel de
caroco de algoddo. 9, = 15,90 + 0,08C4; r? = 0,60.



Tabela 1. Proporcéo dos ingredientes das dietas experimentais, expressas em g.Kg™, em relacio & matéria seca.
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) Dietas (Niveis de caro¢o de algodao, %)
Ingredientes

0 10 20 30 40
Silagem de milho 400 400 400 400 400
Caroco de algodéo 0 100 200 300 400
Milho triturado 325,4 260,2 195,2 129,2 65,5
Farelo de soja 250 215 180 146 110
Calcério calcitico 19,6 19,2 19,2 19,2 19,5
Mistura mineral® 5,0 5,6 5,6 5,6 5,0

TComposicéo por kg: 152g de Ca, 85g de P, 135g de Na, 10g de Mg, 18g de S, 80mg de I, 1400mg de Mn, 150mg de Mo, 25mg de Se, 60mg de Co, 4000mg de Zn, 850mg de

F.



Tabela 2. Niveis séricos de cordeiros alimentados com niveis de caroco de algodéo.
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Valor probabilisitico’

g Caroco de algoddo, % Média ou 4 5
Variaveis 0 10 20 30 40 Equacio® CA L Q EPM v
Glicose 79,38 72,80 71,60 72,65 69,15  j = 73,44 0,5916 0,1716  0,6306 1,97 17,17
Triglicerideos 90,26 96,30 96,37 103,97 128,06 ¥ = 100,6 0,2401 0,0301  0,3165 5,12 30,10
Colesterol 38,26° 48,95  5481° 5923  7151° (1) 0,0019 0,0001  0,9302 2,83 32,01
Proteinas totais 6,36 5,19° 6,09 8,28 7,75% (2) 0,0360 0,0171  0,3546 0,35 31,71
Albumina 3,09 3,02 3,13 3,81 2,99 y =319 0,0646 0,3782  0,2422 0,10 18,22
ALT 31,31 28,62 34,40 36,92 2497  j =31,37 0,1231 0,6643  0,0725 1,44 27,14
AST 94,49 89,59 95,06 106,18 98,11  y = 96,00 0,1825 0,1263  0,9688 2,15 13,23
FA 51,32° 30,57° 37,17° 54,63° 28,55° (3) 0,0006 0,1604  0,9906 2,62 37,76
GGT 27,29° 46,27° 65,41 90,04  83,04® (4) 0,0001 0,0001  0,1275 5,17 52,72

Médias seguidas por letras diferentes na mesma linha diferem (P<0,05) pelo teste t. (n=9).
IGlicose, triglicerideos e colesterol (mg/dL); albumina e protefnas totais (g/dL); ALT, AST, ALF, e GGT (U/L), ALT- Alanina aminotransferase, AST= Aspartato aminotransferase, FA=
fosfatase alcalina, GGT= gama glutamil transpeptidase. Valores referéncia para cordeiros: glicose (50-80 mg/dL), triglicerideos (indefinido), colesterol (52-76 mg/dL), proteinas totais (6,0-7,9

g/dL), albumina (2,4-3,0 g/dL), ALT (30 U/L), AST (307 U/L), FA (387 U/L), GGT (20-52 U/L) (Feldman, Zinkl, & Jain, 2000).
*Média das variaveis que néo diferem (P>0.05) ou equagao de regresséo das variaveis que diferem (P<0.05) pelo teste t, de acordo com os niveis de carogo de algodao.
CA= carogo de algodao; L= tendéncia linear; Q= tendéncia quadratica.

*EPM= Erro padréo da média.
°CV (%)= coeficiente de variacao.

® D otesteror = 39,24 + 0,77CA (2 = 0,97); @ Dproteinas totais = 5,63 + 0,05CA (r? = 0,49); @ 95, = 44,75 — 0,21CA (2 = 0,081); ¥ $56r = 30,17 + 1,62CA (r? = 0,92).



Tabela 3. Correlacdo parcial de Spearman entre as caracteristicas das fibras musculares esqueléticas do musculo Longissimus thoracis versus

qualidade da carne de cordeiros alimentados com niveis de carogo de algoddo.
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Variablest __Tipo | __Tipo lA __Tipo 11B Tipo 1IC
d Area F AR d Area F AR d Area F AR d Area F AR
a 0,55  -0,497 0,47 0,177 0,12 044" 0417
b -0,51” -0,44"
c 055" -0,49” 0,48" -0,19° -0,13" 041" -037"
DMb 0,57 0,51
pH Oh 0,34 0,30 0,31 0,31
Aa 0,41 0,47
CRA 0,37
WBS 0,37 -0,37"
Maciez 0,38 -041°
coe -0,38"
OF 0,37 -0,39"
SM 0,37
SD -0,39" 0,40 -0,38"
SF 0,42 0,39 041" 041 0,37
SG 0,51 -0,45 -0,40"
Lipideos 0,40
AGCML 0,38" 041" -0,38"
AGCI -0,38"
AGS 0,42 0,43 -0,44"
AGM -0,37"
AGI 042"  -043" 045" 0,44
RMS 0,37 0,38
n3 -0,48™ 0,58 0,50” 0,37
nén3 0,43 0,487  -0,40
IT 0,43 0,43 -0,48™ -0,48"
TN 0,39

! a= intensidade de vermelho, b= intensidade de amarelo, c= croma, DMb= desoximioglobina, Aa= atividade de 4&gua, CRA= capacidade de retencio de 4gua, WBS= Warner-Bratzler
Shear, coe= coesividade, , OF=Off-flavor, SM= sabor metalico, SD= sabor doce, SF= sabor figado, SG= sabor gordura, AGCML= écidos graxos de cadeia muito longa, AGCI=
Acidos graxos de cadeia impar, AGS= 4cidos graxos saturados, AGM= 4cidos graxos monoinsaturados, AGI= acidos graxos insaturados, RMS= razdo monoisnsaturado:saturado, n3=

dmega 3, n6 n3= razdo dmega 6/ dmega 3, IT= indice de trombogenicidade, TN= taxa nutricional.
“Significancia (P<0,05); ~Significancia (P<0,01); " Significancia (P<0,001)
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Tabela 4. Caracteristicas das fibras musculares esqueléticas do Longissimus thoracis de cordeiros alimentados com niveis de caroco de algodéo.

, A Caroco de algodéo, % Média ou Valor probabilistico 3
Variavel Referéncia — 10 20 30 40  Equacio! RefxCA CA L Q Cv
Velocidade de contragéo (%)

Lenta 17,02 16,86 1547 1591 17,07 1763 ¥y=1659 08306 08142 04836 03866 24,77
Répida 83,00 83,17 8453 8409 8296 8240 5 =8343 08325 08240 04904 0,3964 4,94
Cor (%)

Vermelha 57,16 6540 62,99 63,81 6760 5937 y=6344 00123 02020 0,1439 03761 9,64
Branca 42,86 3462° 37,01 36,19 3243 40,67 y=3658 00123 02006 01421 03699 16,47
Metabolismo (%0)

Oxidativo 17,02 16,86 1547 1591 17,07 1763 ¥y=1659 08306 08142 04836 03866 24,77
Oxidativo-glicolitico 40,14 48,54 47552 4499 4854 4173 §=46,30 00888  0,2990 0,1299 05650 16,92
Glicolitico 42,86 3462° 37,01 36,19 3243 40,67 y=3658 00123 02006 01421 03699 16,47
Diametro (um)

Tipo | 15,22 19,26° 18,700 19,53 19,80 1946 y=19,35 00001 06915 0,3605 0,8737 10,66
Tipo A 15,58 20,16 18,66 19,33° 19,57° 18,78 ¥ =19,30 00003 05226 0,3952 0,7002 12,06
Tipo 1B 15,98 20,62° 19,39° 19,99 20,39 1891° y=19,86 00001 0,1132 03030 0,8104 11,34
Tipo lIC 14,44 19,63° 18,44 1890 19,78 1811 $=19,00 00001 03143 0,2362 0,7732 11,08
Area (um?

Tipo | 267,7 457,0° 4341° 4676 4785 451,7 5 =457,8 00001 08087 06469 0,7138 2142
Tipo A 284,6 486,3° 423,4° 446,99 450,9° 420,00 5 =4455 00008 0,6044 03079 07126 24,28
Tipo IIB 303,2 516,6 456,6 4756 487,8° 4301 y=473,3 00004 0,598 0,3773 0,7429 23,38
Tipo lIC 252,7 4581 403,8° 4310 4662 3918 ¥ =431,1 00001 04082 01709 0,9843 21,65
Frequéncia (%)

Tipo | 17,52 16,34 15,14 1434 1662 1666 ¥y =1585 073248 05765 05774 0,2207 22,25
Tipo HA 39,92 4912 4822 4930 5241° 4252 5 =4822 00148 0,1005 002452 0,0895 16,32
Tipo 11B 22,54 17,08° 1941 16,84 16/42° 1980 y=1791 00077 00651 00438 01111 20,99
Tipo 1IC 19,98 1751 1724 1818 17,10 21,00 5 =1821 02295 01432 05023 10,3322 17,85
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Continuacao

., A Caroco de algodao, % Meédia ou Valor probabilistico” 3
Variavel Referéncia — 10 20 30 40  Equacdo! RefxCA CA L Q Cv
Area relativa (%)
Tipo | 17,02 16,86 15,47 1591 17,07 17,63 y =16,59 0,8306 0,8142 0,4836 0,3866 24,77
Tipo 1A 40,14 48,54 4752 4499 4854 4173 y = 46,30 0,0888 0,2990 0,1299 0,5650 16,92
Tipo 1IB 24,36 17,84° 20,69 17,48° 1591 20,00 y = 18,44 0,0008 0,0609 0,0194 0,026 21,71
Tipo IIC 18,50 16,76° 16,30° 17,20° 17,08° 20,67 (1) 0,5648  0,0429 09048 0,3436 19,67
Proporcao area de fibra (um?)
HA/I 1,05 0,90 0,99 0,98 0,95 0,95 y =0,95 0,3078 0,8642 0,7909 0,6659 19,50
1B/ 1,12 0,97 1,05 1,03 1,03 0,97 y=1,01 0,1454 0,8995 0,7426  0,4300 15,42
IC/I 0,95 0,94 0,93 0,95 0,97 0,93 y =095 0,8863 0,6608 0,8978 0,1547 9,29
Diferenca area de fibra (um?)
HA-I 16,94 -56,51 -10,69 -20,71 -27,59 -31,74 y =-2883 0,2733 0,8735 0,7353 0,4013 -356,6
11B-I 35,48 -21,25 2254 7,92 9,27 21,77 y=-0,19 0,2994 0,6300 0,8759 0,1560 2082
IC-1 -14,96 -16,36  -30,27 -25,50 -12,27 -28,16 y =-22,58 0,6659 0,8233 0,9086 0,9303 -162,7

Meédias seguidas de ~ na mesma linha diferem (P<0,05) do referéncia pelo teste t. Médias seguidas por letras distintas na mesma linha diferem (P<0,05) pelo teste t, de acordo
com o nivel de carogo de algodéo.

!Média das variaveis que ndo diferem (P>0.05) ou equacio de regressao das variaveis que diferem (P<0.05) pelo teste t, de acordo com os niveis de carogo de algodao.

“Ref (referéncia) x CA (0, 10, 20, 30, 40% de caroco de algodao); CA= carogo de algodao; L= tendéncia linear; Q= tendéncia quadratica.

3CV (%)= coeficiente de variacéo.

@y, = 15,90 + 0,08CA (* = 0,60).
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4 ARTIGO 2 - Physicochemical, technological and sensory properties of hamburger
made with meat from lambs fed on whole cottonseed.

Magda Aita Monego, Djenifer Kirch Kipper, Luiz Gustavo de Pellegrini, Luiz Giovani de
Pellegrini, Silvane Souza Roman, Ernesto Hashime Kubota, Rosa Cristina Prestes, Renius de

Oliveira Mello.

Artigo submetido ao periodico Journal of Food Science and Technology. Configurado

conforme as normas da Revista (http://www.springer.com/food+science/journal/13197).

Research highlights

Meat of lambs fed with whole cottonseed was considered suitable for the production of
hamburgers.

The inclusion of whole cottonseed reduced the caloric value and cholesterol content of the
lamb meat product.

The structural properties of the hamburgers were unaffected by the inclusion of whole
cottonseed.

The hamburgers prepared with lamb meat from animals fed on whole cottonseed had a soft
texture.

Whole cottonseed in the diet negatively influenced the sensory characteristics of the

hamburgers.
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Abstract

The physicochemical composition and the technological and sensory properties of
hamburgers made with meat from lle de France lambs fed on different levels (0, 10, 20, 30
and 40%) of whole cottonseed were studied. The addition of whole cottonseed to the lambs'
diets decreased (P < 0.05) the thiobarbituric acid reactive substances in the lamb meat and
altered (P < 0.05) the physicochemical characteristics of the hamburgers, which were
characterised by low lipid (¥ = 4.27), cholesterol (y = 75.15) and caloric content (y = 122.04).
The results regarding cooking characteristics were directly related to the microscopic
observations regarding the hamburgers; the more cohesive structures exhibited better (P <
0.05) performance after cooking, with increased (P < 0.05) cooking yield and moisture
retention and decreased (P < 0.05) cooking loss. The levels of whole cottonseed did not
influence (P > 0.05) the texture profile, but they negatively affected the acceptability of the
hamburgers (P < 0.05), since as the levels of cotton seedlings increased, the scores for the
sensorial attributes decreased (P < 0.05). Thus, a maximum inclusion of 16.7% of whole

cottonseed in the dry matter of the diet of lambs is recommended.

Keywords: Gossypium hirsutum, lamb meat products, cooking characteristics, texture profile

analysis, microscopy, triangle test.

Introduction

There is a growing interest in the consumption of lamb in Brazil, especially in the
southern region, and this is provoking a demand for a greater supply of quality products. The
quality of carcass, which is highly influenced by the animals' diet, is one of the major factors
in relation to the the expansion and consolidation of the market for lamb meat (Lima Janior et

al. 2016).
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Animal diets involve high production costs and it is appropriate to study alternative
ingredients which can provide adequate nutrients at low cost. Brazil has a large level of cotton
production and, consequently, there is great availability of low-cost by-products from the
textile industry (CONAB 2016). The by-products of cotton production, like cottonseed cake,
cottonseed meal and whole cottonseed (WCS), have a high lipid content, which makes it
possible to increase the energy density of animal diets without the need to reduce fibre or
protein content. There is great potential to reduce the cost of animal diets, especially for
ruminants (Paim et al. 2010; Vieira et al. 2010; Costa et al. 2011).

However, one of the limitations of the use of this ingredient in animal diets is related
to the possible association of whole cottonseed with undesirable characteristics in the
qualitative aspects of the meat, in particular, the sensorial characteristics such as disagreeables
flavour and odour (Pellegrini 2017). This is due to the presence of gossypol, which can
produce a residual flavour in meats and their derivatives. A study by Viana et al. (2014)
showed that meat from lambs fed with high levels (39% WCS) of whole cottonseed showed
no detectable gossypol, demonstrating that whole cottonseed can be used in the diet of
ruminants without causing harmful effects to human health.

Other studies have evaluated the effect of whole cottonseed on the quality of lamb
meat (Madruga et al. 2008; Vieira et al. 2010; Paim et al. 2010), demonstrating that this
practice can performed, for short periods (60 to 90 days), at levels up to 40% for finishing
lambs. However, no studies were found in the literature evaluating the quality of products
made with meat from lambs fed on whole cottonseed. Consequently, it is appropriate to
investigate the technological behaviour of such meat during processing.

A study by Viana et al. (2013) emphasised the possibility to promote lamb meat as an
alternative, in order to structure and add value to the process of sheep farming. One method of

expanding the consumption of lamb would be to develop convenience products that satisfy
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the tastes and needs of consumers. The aim of this study was to evaluate the physicochemical
composition, as well as the technological and sensory properties, of hamburgers made with

meat from lle de France lambs fed on different levels of whole cottonseed.

Materials and methods
Obtaining the meat

The lamb meat came from an experiment approved by the Ethics Committee on
Animal Use (CEUA) at the Federal Institute of Education, Science and Technology,
Farroupilha, Rio Grande do Sul, Brazil. The protocol number was 01.0378.2015/001.2015.
Twenty-five male, uncastrated, lle de France lambs, which were weaned at 60 days, were
used. The lambs were distributed into five experimental treatments, with five replicates. Each
treatment consisted of the experimental base diet, to which was added whole cottonseed
(Gossypium hirsutum L.) in proportions of 0, 10, 20, 30 and 40% WCS. The experimental
base diet was composed of corn silage (Zea mays L.), ground corn (Zea mays L.) and soybean
meal (Glycinemax L.), in a voluminous ratio:concentrate (40:60) and mineral mixture. The
prepared diets were isoproteic in order to meet the nutritional requirements of growing lambs
(NRC 2007). Feeding was ad libitum and the amount consumed was monitored, at the pre-set
times of 7:00 a.m. and 4:00 p.m. The feeding trial of the lambs started after the adaptation
period (7 days, initial mean weight 19.26 Kg, 67 days old) and was extended until the time of
slaughter. The slaughter criterion was a final live weight of 36 kg (mean confinement time of
64 days, final mean weight 36.64 Kg, 127 days old) (Pellegrini 2017; Pilecco 2016). The
animals were slaughtered using a pneumatic gun for desensitisation, which was followed by
bleeding, skinning, evisceration, weighing, washing and cooling. The carcasses were cooled

to 2 °C for 24 hours. The shanks were subsequently collected, packed and frozen in a
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conventional freezer at -18 °C, where they were stored for a month, until the moment of
production of the hamburgers.
Preparation of hamburgers

The hamburgers were developed according to the of Hamburger Identity and Quality
Technical Regulation (Brasil 2000) and Regulation No. 1004 (Brasil 1998). The base
formulation was composed of the following: water (3%); textured soy protein (4%) (Solae,
Esteio, RS, Brasil); sodium chloride (1.2%) (Diana, Séo Paulo, SP, Brasil); garlic paste (1%)
(Temperalho ind. LTDA, lacanga, SP, Brasil); monosodium glutamate (0.3%) (Ajinomoto,
Sdo Paulo, SP, Brasil); maltodextrin (0.3%) (Nutract, Chapecd, SC, Brasil); sodium
tripolyphosphate (0.3%) (Kerry, Sdo Paulo, SP, Brasil); parsley (0.2%) (Kitano, Sdo Bernardo
do Campo, SP, Brasil); seasoning (0.2%) (Bremil, Arroio do Meio, RS, Brasil); sodium
erythorbate (0.2%) (Nutract, Chapecd, SC, Brasil); sodium lactate (0.01%) (Nutract, Chapeco,
SC, Brasil), powdered smoke (0.04%) (ICL, S&o Paulo, SP, Brasil); sodium nitrite (0.01%)
(Nutract, Chapecd, SC, Brasil); cochineal carmine colouring (0.007%) (CHR Hansen, S&o
Paulo, SP, Brasil); and red pepper (0.038%) (Kitano General Mills, Sdo Bernardo do Campo,
SP, Brasil). Five hamburger formulations were developed, each of which contained lamb meat
(89.195%) from the respective animals’ diets (0, 10, 20, 30 and 40% WCS).

For the preparation of the hamburgers, the lamb shank was thawed under refrigeration
(4 °C) and the excess fat was removed. The meat was then ground (Jamar PJ22, Jamar Ltda,
Sdo Paulo, SP, Brasil) using 5 mm hole discs and taken to a mixer (Jamar MJI 35, Jamar Ltda,
Sdo Paulo, SP, Brasil) for the addition of the other ingredients. The temperature of the
preparation process did not exceed 2 °C.
After a homogeneous mixture was obtained it was packed in plastic wrappers (10 cm
diameter, Spel, Atibaia, SP, Brasil) and immediately frozen in a conventional freezer

(Metalfrio, S&o Paulo, SP, Brasil) at -18 °C. The following day, the product was sliced
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(Malpa, S&o Paulo, SP, Brasil), with an average thickness of 1 cm and average weight of 100
g, the plastic wrapping was removed and the hamburgers were individually wrapped in low-
density polyethylene bags and kept at -18 °C, until the moment of analysis. The analyses of
physicochemical characterisation, cooking characteristics, texture profile and histological
evaluation were performed in the first seven days of storage. The sensorial analysis was
conducted at 15 and 60 days of storage, after obtaining the results of the microbiological

analysis.

Physicochemical characterisation

The lamb meat and the hamburgers were characterised raw, in triplicate, by
determining moisture, protein and ashes (AOAC 2005), as well as lipids (Hara and Hadin
1978). In the hamburger, carbohydrates were determined by difference (AOAC 2005). The
caloric value was calculated by the sum of the calories provided by carbohydrates, proteins
and lipids, multiplying their values in grams by the Atwater factors of 4 kcal, 4 kcal and 9
kcal, respectively. Cholesterol was determined in duplicate in the crude samples by the
enzymatic method (Saldanha et al. 2004). To assess the extent of lipid oxidation that occurred
in the hamburgers, the thiobarbituric acid (TBA) index was used, following the methodology
of Raharjo et al. (1992). The analyses were performed in duplicate and the results were
expressed as mg of malonaldehyde per kg of sample (MDA mg/kg). The evaluation of pH
was performed using a pH meter (pH metro, model DM-23DC Sao Paulo, Brasil) in
accordance with the 1AL (2008), with readings performed in triplicate. The water activity
values were determined using Aqualab® (Decagon Devices, Inc., Pullman, Wa, USA) at 25

°C, in triplicate.
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Technological properties

For the analysis of cooking characteristics, texture profile and sensory analysis, the
hamburgers were cooked in an electric oven (Fischer Grill 44 L, Fischer, Brusque, SC, Brasil)
at 180 °C until they reached an internal temperature of 72 °C. The cooking characteristics
were determined in quadruplicate. Cooking yield, moisture retention and fat retention (Gok et
al. 2011) were all determined. Cooking loss was calculated as the difference in weight
between the uncooked and cooked burger divided by the weight of the uncooked burger.
Shrinkage was calculated as the difference between the uncooked and cooked burger divided
by the uncooked burger, considering thickness and diameter.

The texture profile analysis (TPA) was performed using a TA-XT.plus texture
analyser which was equipped with Texture Expert Exponent software (Stable Microsystems
Ltd., Surrey, England). After being cooked according to the procedure described above and
cooled to room temperature, the hamburger samples were cubed (1 cm®). Four hamburgers
from each formulation were analysed and 10 cubes were removed from each hamburger. Each
cube was tested under the following conditions: test velocity (5 mm/s), pre-test velocity (1
mm/s), return velocity (5 mm/s), return distance (20 mm), contact force (1 g), 50%
compression height, and interval between compressions (5 s). The TPA was evaluated based

on the characteristics of hardness, cohesiveness, flexibility and chewiness (Bourne 1978).

Histological evaluation

For the histological evaluation, three fragments from the centre of raw samples of each
hamburger formulation were extracted and processed according to the conventional
histological technique (Junqueira and Carneiro 2008). The samples were cut into sections with
a thickness of 4 um and stained with hematoxylin and eosin; three slides of each sample were

prepared. The images observed under a microscope (Leica Microscopy Systems, Heerbrugg,
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Switzerland) were obtained using Motic Images Plus 2.0 software (Motic instruments, INC,
Richmond, Canada). Microscopy was performed in the Histology Laboratory of the
Department of Pharmacy at the Integrated Regional University of Alto Uruguay and Missions

(URI), Erechim, RS, Brazil.

Microbiological evaluation

The microbiological analyses were performed according to Normative Instruction No.
62 (Brasil 2003) following the standards established by ANVISA (Brasil 2001) - (Salmonella
spp., Clostridium sulfite reducing, coagulase positive Staphylococcus and total coliforms and
coliforms at 45 °C) on the 1st and 45th days of storage to ensure the microbiological quality

of the products for sensory analysis, which was performed subsequently.

Sensory analysis

This study was previously approved by the Research Ethics Committee of the Federal
University of Santa Maria (UFSM) under protocol No. 936.005 and Certificate of
Presentation for Ethical Assessment No. 40264114.4.0000.5346. The sensorial analysis were
performed in the Sensory Analysis Laboratory, of the UFSM, in a standardised room, with
individualised booths and normal white lighting, at 25°C.

The sensory analysis tests were performed by untrained testers (who confirmed that
they liked lamb meat). They were female and male, aged from 18 to 50, and were recruited
from staff, students and general public at the UFSM. The number of testers for each test was
chosen as recommended by the Adolfo Lutz Institute (IAL 2008). A total of 187 different
testers participated in the sensory analysis, of which 107 participated in the acceptance test

(day 15 = 55 testers; day 60 = 52 testers); 55% of these testers were female and 45% were
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male. Eighty testers participated in the triangular test, (day 15 = 40; day 60 = 40), of which
60% were female and 45% were male.

After confirming the microbiological safety of the products, sensorial analysis was
performed on days 15 and 60 of storage at -18 °C: testing on day 15 was to verify the
acceptance of the hamburgers and testing on day 60 was to verify the effects of storage. The
samples were prepared according to the cooking procedure previously described. After
cooking, the burgers were cut into uniform pieces (1 cm? cubes), wrapped individually in
aluminium foil and kept at 60 °C until ready to serve.

The hedonic test was applied through an acceptance test that evaluated odour, colour,
flavour, texture and appearance, using an hedonic seven-point scale (1 = dislike intensely, 7 =
like intensely) and purchase intent by using a five-point scale (1 = woud definitely not
purchase, 5 = would definitely purchase). The samples were offered to the testers in a
monodic and random manner, together with the sensory score sheet (IAL 2008); each taster
evaluated the five hamburger formulations. From the scores assigned in the acceptance test,
the acceptability index (Al) of the product was calculated according to the following equation:
Al (%) = A x 100/B, where A = average score obtained for the product and B = maximum
score given to the product (Dutcosky 2011).

The triangular test was applied to detect if the whole cottonseed used in the animals'
diets provided a flavour in the developed products and at what level the tester perceived this
flavour when compared to the control (0% WCS); each tester tasted the treatments: 0% WCS
versus 10% WCS; 0% WCS versus 20% WCS; 0% WCS versus 30% WCS and 0% WCS
versus 40% WCS. The interpretation of the results was based on the relationship between the
total number of judgements versus the number of correct judgements compared to the result
of the chi-square table (IAL 2008). The results of the number of correct judgements that were

equal to or greater than the table value made it possible to conclude that there was a
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significant difference between the samples at the corresponding probability level. Three coded
samples were presented simultaneously, two identical and one different, together with the
sensory score sheet of the triangular test; the tester was aske to identify the sample that
seemed different to them.

During each evaluation, was provided along with samples water for mouth rinsing and

cracker as palate moderator.

Experimental design and statistical analysis

Five replicates for each lamb meat experiment and four replicates for each hamburger
experiment were performed. For each sample, the analyses were carried out in duplicate
(cholesterol and TBARS determination); triplicate (physicochemical, pH, water activity,
histological evaluation); quadruplicate (cooking characteristics) and in ten replicates (texture
profile analysis).

For the physicochemical analyses of the raw lamb meat and hamburgers, the statistical
analyses were carried out in a completely randomised, experimental design with five
treatments (0, 10, 20, 30 and 40% WCS in the diet) and a different number of repetitions (five
for the lamb meat and four for the hamburgers) according to the following statistical model:

YVij=n+a +e;
Where, Y;; = the value observed at the i-th level of whole cottonseed and the j-th repetition; u
= the average mean of the response variable; a; = the fixed effect of the ith level of whole
cottonseed; ¢; = the random effect associated with the Y;; observation, assuming
&;;"“N(0,02).

The sensory analysis data were analysed using a randomised block design for each
storage time (15 and 60 days).

The data were subjected to outlier investigation from the studentised residuals. They
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were subsequently submitted to univariate analysis of variance (ANOVA) by the GLM
procedure: their averages were adjusted by the ordinary least squares method using the
LSMEANS command and compared by the least significant difference (t-test).

The linear and quadratic trends were tested by means of the contrasts from the
coefficients for interpolation of the orthogonal polynomials. In addition, the polynomial and
multiple regression were adjusted using the RSREG procedure, and the r® values were
expressed in relation to the source treatments (regression + lack of fit). Furthermore, Pearson
and Spearman correlation analyses were performed between the studied variables.

The statistical analyses were performed using SAS® System for Windows ™ software,

version 9.4 (SAS Institute 2002).

Results and discussion
Physicochemical characterisation of lamb meat

The addition of whole cottonseed to the lambs' diets altered (P < 0.05) the ash content
and the thiobarbituric acid reactive substances (TBARS) in the meat (Table 1). The ash
content reduced (P < 0.05) with the addition of whole cottonseed, although there were no
scientific findings that justified this behaviour. In contrast, data from the literature emphasise
an increase in ash content in line with increased whole cottonseed in the diet (Paim et al.
2014; Pellegrini 2017).

The TBARS had quadratic behavior (P < 0.05) with minimum point at 31% WCS. The
decrease of TBARS up to 31% WCS can be explained by reduction of the lipid oxidation
(Wang et al. 2008) induced by the possible deposition of whole cottonseed constituents in the
lamb meat (Kim et al. 1996) such as phenolic compounds, tocopherol (Oliveira et al. 2016)
and gossypol (Wang et al. 2008; Wang et al. 2009). However, the increase in TBARS values

from 31% WCS can be explained by the increase in the level of whole cottonseed in the diet
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of the lambs; there was an increase in the deposition of unsaturated fatty acids (Pellegrini
2017), which are more susceptible to lipid oxidation. Brazilian legislation does not establish a
maximum limit of malonaldehyde/kg in meat products; however, data from the literature
indicate that values up to 2.00 mg of MDA/kg of sample are not perceived by consumers
(Wood et al. 2004).

Madruga et al. (2008) evaluated the effect of including whole cottonseed (0, 20, 30
and 40%) in the diet of Santa Inés lambs on the chemical composition of the meat. They
found similar results to those obtained in the present study and found no significant difference
(P > 0.05) for all the analysed variables (moisture, ash, proteins, lipids and cholesterol),
which was attributed to the short confinement period (70 days). Thus, the results of the
physicochemical analyses in the present study demonstrated that the meat of lambs fed with
different levels of whole cottonseed presented satisfactory characteristics and was considered

suitable for the production of hamburgers.

Chemical composition of the hamburgers

The moisture levels in the hamburgers increased (P < 0.05) in line with increased
levels of whole cottonseed (Table 2), which was reflected in lower protein content (r = -0.89,
P < 0.001), ash content (r = -0.95, P < 0.001) and caloric value (r = -0.88, P < 0.0001). The
lipids (minimum point = 18.8% WCS) and carbohydrates (maximum point = 20.1% WCS)
demonstrated quadratic behaviour. It is believed that these results may have been associated
with the heterogeneity of the products because only the ash content was reduced in the meat
(Table 1).

All the formulations of the hamburgers made with lamb from animals fed with whole
cottonseed were low in fat (§ = 4.27) and low in caloric value (y = 122.04) when compared to

other commercial meat products. It should be noted that the hamburgers prepared in this study
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did not contain added fat. Furthermore, the cut of meat that was used (lamb shank) contained
low levels of fat (3.76g /100g, Table 1). Similar results were found by Santos Junior et al.
(2009) when they evaluated oatmeal-enriched lamb meat hamburger, in which the lipid values
were 4.3 - 8.4 ¢g/100g and the caloric values were 122.55 - 153.68 Kcal/100g. Likewise,
Linares et al. (2012) studied the effect of the type of meat (shank compared with shank + neck
+ breast) on the nutritional composition of hamburgers made with meat from Spanish
Manchego lamb and found that the hamburgers only made with shank had lower fat content
and lower caloric value than those made with shank + neck + breast (5.16 g/100g and 201
Kcal/100g; 10.719/100g and 246.51 Kcal/100g, respectively).

In the present study, the cholesterol levels decreased (V.notesteror = 83.99 —
0.44WCS,r% = 0.90) in line with the addition of whole cottonseed and can be considered
low (<90 mg/100 g). The cholesterol values were in accordance with those reported by

Madruga et al. (2008) in lamb meat fed with levels of whole cottonseed (80 mg/100g).

Technological properties

The yield and levels of moisture retention in the hamburgers increased (P < 0.05)
according to the level of whole cottonseed in the animals' diet (Table 3), which was due to the
reduction in cooking loss. No significant difference was observed regarding fat retention and
shrinkage.

Cooking loss, which is associated with moisture and fat retention, is important for
evaluating the juiciness and mouthfeel of cooked products. The hamburgers made with meat
from lamb fed with whole cottonseed levels showed lower values for cooking loss
(¥ =12.9%), as well as high moisture (y =55.7%) and fat (y =108.5%) retention rates. These
results can be explained by the ability of the protein matrix to retain lipids, especially in

formulations with low lipid content [r (lipids x fat retention) = -0.93, P < 0.001], which
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optimises the cooking characteristics of products and guarantees greater succulence for
cooked hamburgers. Furthermore, the addition of sodium tripolyphosphate to the formulation
may have aided the fixation of water in the product, reducing the cooking loss.

The texture profile results of the hamburgers were not affected (P > 0.05) by the levels
of whole cottonseed in the lambs' diet (Table 3) and were in agreement with those found in
the literature for cooked beefburgers (hardness = 50.8 N; cohesiveness = 0.82; flexibility =
0.71; chewiness = 30.06) (Gutt et al. 2014). Of all the TPA characteristics, hardness is the
most important because it best represents the texture characteristic of a product. The
hamburgers prepared with lamb meat from animals fed on different levels of whole

cottonseed had a soft texture.

Histological evaluation

Microscopy was used to evaluate the relationship between the cooking and textural
characteristics of the hamburgers and their microscopic structures. Using photomicrographs it
was possible to evaluate the disposition of the muscle fibres, the compact connective tissue,
adipose tissue, extracellular matrix and air bubbles in the products. The presence of adipose
cells was most noticeable in the hamburger made with meat from lambs fed with 0% WCS
(Fig. 1 A-B), which was related to the fat content found in this formulation (Table 2). The
lamb meat hamburger formulations (Fig. 1 C-D-E-F-G-H-I-J) were more homogeneous in
relation to the distribution of muscle cells, connective tissue and adipose tissue, exhibiting
better structural conditions. These characteristics promote adequate tissue bonding, which
provides better technological properties because a more compact and cohesive structure
makes it possible to retain more moisture during cooking (Abdel-Naeem and Mohamad

2016). The results for moisture retention and texture profile analysis (Table 3) corroborated
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with the aforementioned structural conditions in the hamburgers prepared with meat from
animals fed with 10, 20, 30 and 40% WCS.

Comparing the results for chemical composition, texture and cooking characteristics
with the microscopy results, it was concluded that there was a relationship between the
properties and their respective microscopic structures. Although the values for protein (Table
2), total loss (Table 3) and moisture retention (Table 3) of the hamburgers presented a
significant difference (P < 0.05), the attributes evaluated in the TPA of the product were not
affected (P > 0.05) and were closely related to the microscopic characteristics observed in the

histological evaluation (Fig. 1).

Microbiological evaluation

The hamburgers that were analysed on days 1 and 45 were within the norms of quality
control set out in Brazilian legislation (Brasil 2001), which establishes the absence of
Salmonella in 25 g of sample and a maximum limit of of 3.48 log CFU/g for Clostridium
sulfite reducer, 3.7 log CFU/g for coagulase positive Staphylococcus, and 3.7 log CFU/ g for
coliforms at 45°C (results not shown). All the formulations were considered safe and suitable

for human consumption.

Sensory analysis

At 15 days of storage (Table 4), a difference (P < 0.05) was observed only for the
attribute of odour. Considering a minimum score of 5 (like moderately) for acceptable odour,
the regression equation revealed a maximum limit of the addition of 16.7% WCS (V,40ur =
5.24 — 0.01WCS,r% = 0.94).

At 60 days of storage there was no difference (P > 0.05) between the hamburger

formulations regarding odour; however, even without the inclusion of whole cottonseed in the
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animals’ diet (0% WCS) odour received an ‘indifferent’ score (4.5). The scores for all the
other attributes (colour, taste, texture, overall impression and purchase intention) decreased (P
< 0.05) with increased levels of whole cottonseed in the diet, i.e. they worsened. According to
the regression equation, these attributes would be acceptable (5 = like moderately) up to the
maximum addition limits of 22.3, 29.0, 2.9 and 16.7% WCS for colour, flavour, texture and
appearance, respectively. The purchase intention was rated as ‘indifferent’ for all the
hamburger formulations.

All the values found for the acceptance test on both days (15 and 60) of the sensory
analysis of hamburgers made with lamb meat from animals fed with different levels of whole
cottonseed were higher than those reported by Villalobos-Delgado et al. (2015), who
evaluated lamb hamburgers with added hops, which resulted in judgements of 'dislike slightly'
or ‘indifferent'.

Odour and flavour are considered to be the most important attributes in terms of the
sensory evaluation of lamb meat and its derivatives (Linares et al. 2012). Therefore, it was
interesting to evaluate if the use of whole cottonseed in the diet of the lambs would affect the
sensory quality of the hamburgers prepared from this meat. Thus, the acceptability index (Al)
was calculated only for odour and flavour because the other attributes had a lesser influence
on the acceptability of the product in question. Considering that an acceptability level equal to
or greater than 70% is considered acceptable (Dutcosky 2011), at 15 days of storage it was
found that the minimum acceptance limit was reached with a maximum inclusion of 29.3%
WCS for odour (§,gour = 75.79 — 0.20WCS,r2 = 0.94) and 27.8% WCS for flavour

(yﬂavour=73.61—0.13WCS,r2=0.62). However, at 60 days of storage all the

formulations were rejected for acceptance in terms of odour (V,qour = 66.1), while a
minimum favourable acceptability was obtained with a maximum inclusion of up to 37.6%

WCS in terms of flavour (§f14p0ur = 80.55 — 0.28WCS,r? = 0.53). This demonstrates that
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the storage time may have influenced the testers in their perception of odour but it did not
affect their perception of flavour.

In addition to the affective tests, a discriminatory test was carried out which compared
each hamburger formulation prepared with lamb meat from animals fed with whole
cottonseed (10, 20, 30 and 40% WCS) and the formulation prepared with lamb from animals
with no whole cottonseed in their diet (0% WCS). At 15 days of storage it was found that the
testers were able to detect the hamburgers that had been prepared with meat from animals fed
on whole cottonseed (Table 5). However, at 60 days of storage, the testers were only able to
detect hamburgers made meat from animals fed on whole cottonseed with more than 20%
WCS in their diet. Perhaps the natural oxidation of the product during storage may have

influenced the sensory perception of the testers.

Conclusion

The use of lamb meat from animals fed with whole cottonseed in their diet to prepare
hamburgers positively influenced the chemical composition, cooking characteristics
(decreased cooking loss, and increased cooking yield and moisture retention) and structural
properties (increased homogeneity and cohesion), as well as negatively influencing the
sensory characteristics of the product, reducing its acceptability with increasing levels of
whole cottonseed.

In order to guarantee the sensory acceptability of such a product (based on this
appearance) it is recommended that a maximum level of 16.7% of whole cottonseed is

included in the dry matter diet of lambs.

References

Abdel-Naeem HHS, Mohamed HMH (2016). Improving the physico-chemical and sensory
characteristics of camel meat burger patties using ginger extract and papain. Meat Sci 118:52—
60



399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448

70

AOAC (2005) Official methods of analysis of the AOAC, 18th ed. Association of Official
Analytical Chemists, Gaithersburgh

Bourne MC (1978) Texture profile analysis. Food Technol 32:62—72

Brasil (1998) Portaria n® 1004. Aditivos e seus limites maximos de uso para carne e produtos
carneos. Brasilia:Diario Oficial da Unido

Brasil (2000) Instrugdo Normativa n° 20/2000. Regulamento Técnico de Identidade e
Qualidade do Hamburguer. Brasilia:Diario Oficial da Unido

Brasil (2001) Resolugdo n° 12. Regulamento Técnico sobre padres microbioldgicos.
Brasilia:Diario Oficial da Unido

Brasil (2003) Instrugao Normativa n° 62. Métodos Analiticos Oficiais para Analises
Microbioldgicas para Controle de Produtos de Origem Animal e Agua. Brasilia:Diario Oficial
da Unido

CONAB Companhia Nacional de Abastecimento (2016) Acompanhamento da safra brasileira
agricola, v. 3 - Safra 2015/16, n. 10 - Décimo levantamento julho 2016

Costa QPB, Wechsler FS, Costa DPB, Polizel Neto A, Roga RO, Brito TP (2011)
Performance and carcass traits of steers fed diets containing whole cottonseed. Arg Bras Med
Vet Zootec 63:729-735

Dutcosky SD (2011) Analise Sensorial de Alimentos. 3" ed. Curitiba: Champagnat

Gok V, Akkaya L, Obuz E, Bulut S (2011) Effect of ground poppy seed as a fat replacer on
meat burgers. Meat Sci 89:400-404

Gutt G, Paduret S, Amariei S, Chelaru M (2014) Chopped meat freshness assessment by
texture profile analysis. Lucrari Stiintifice - Seria Zootehnie 61:87-91

Hara A, Radin NS (1978) Lipid extraction of tissues with a low-toxicity solvent. Anal
Biochem 90:420-426

IAL Instituto Adolfo Lutz (2008) Métodos fisico-quimicos para analise de alimentos. Sao
Paulo: IAL

Junqgueira LC, Carneiro J (2008) Histologia Basica. Sdo Paulo:Guanabara Koogan ed.11, 524

Kim HL, Calhoun MC, Stipanovic RD (1996) Accumulation of gossypol enantiomers in
ovine tissues. Comp Biochem Physiol 113(2):417-420

Lima Junior DM, Carvalho FFR, Silva FJS, Rangel AHN, Novaes LP, Difante GS (2016)
Intrinsic factors affecting sheep meat quality: a review. Rev Colomb Cienc Pec 29:3-15

Linares MB, Cézar A, Garrido MD, Vergara H (2012) Chemical and sensory quality of lamb
meat burgers from Manchego Spanish breed. Inte J Food Sci Nutr 63(7):843-852



449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498

71

Madruga MS, Vieira TRL, Cunha MGG, Pereira Filho JM, Queiroga RCRE, Sousa WH
(2008) Effect of diets with increasing levels of whole cotton seed on chemical composition
and fatty acid profile of Santa Inez (Santa Inés) lamb meat. Braz J Anim Sci 37:1496-1502

NRC National Research Council (2007) Nutrient requeriments of small ruminants: Sheep,
goats, cervids and new world camelids. Washington, D.C.: National Academy Press

Oliveira AS, Carvalho, MLM, Barbara, CNV, Guimardes RM, Oliveira JA, Pereira DS (2016)
Biochemical changes in fiber naturally colored cottonseeds during storage. J Seed Sci
38(2):101-109

Paim TP, Louvandini H, McManus CM, Abdalla AL (2010) Use of cotton byproducts in
ruminant nutrition. Vet Sci Trop 13:24 — 37

Paim TP, Viana P, Branddo E, Amador S, Barbosa T, Cardoso C, Dantas AMM, Souza JR,
McManus C, Abdalla AL, Louvandinia H (2014) Carcass traits and fatty acid profile of meat
from lambs feddifferent cottonseed by-products. Small Rumin Res 116:71-77

Pellegrini LG (2017) Quality of lambs meat in the finishing stage with cottonseed. Santa
Maria, RS, Brazil: Federal University of Santa Maria. Doctoral thesis

Pilecco VM (2016) Cottonseed use on finishing of feedlot lambs. Santa Maria, RS, Brazil:
Federal University of Santa Maria. MA dissertation

Raharjo S, Sofos JN, Schmidt GR (1992) Improved speed, specificity, and limit of
determination of an aqueous acid extraction thiobarbituric acid—C18 method for measuring
lipid peroxidation in beef. J Agric Food Chem 40(11):2182— 2185

Saldanha T, Mazalli MR, Bragagnolo N (2004) Comparative evalution of two methods for the
determination of cholesterol in meat and milk. Food Sci Technol 24(1):109-113

Santos Junior LCO, Rizzatti R, Brungera A, Schiavini TJ, Campos EFM, Neto JFS,
Rodriguez LB, Dickel EL, Santos LR (2009) Development of hamburger using adult sheep
meat and oat flour. Braz Anim Sci 10(4):1128-1134

SAS Institute (2002) Statistical Analysis System: user guide. Version 9. Cary (NC):SAS
Insitute Inc.

Viana JGA, Revillion JPP, Silveira VCP (2013) Alternative of Structuring of the Chain of
Sheep Production Value in Rio Grande do Sul. J Management Regional Development 9:187-
210

Viana PG, Lima PMT, Paim TP, Souza JR, Dantas AMM, Pereira, EF, Goncalves V,
McManus C, Abdalla AL and Louvandini H. (2014) Gossypol was not detected in the
longissimus muscle of lambs fed several forms of cottonseed. Animal Production Science
55(6):812-817

Vieira TRL, Cunha MGG, Garrutti DS, Duarte TF, Félex SSS, Pereira Filho JM, Madruga
MS (2010) Physical and sensorial properties of Santa Ines lamb meat terminated in diets with
increasing levels of whole cotton seed (Gossypium hirsutum). Food Sci Technol 30:372-377



499
500
501
502
503
504
505
506
507
508
509
510
511

72

Villalobos-Delgado LH, Carob I, Blanco C, Bodas R, Andrés S, Giraldez FJ, Mateo J (2015)
Effect of the addition of hop (infusion or powder) on theoxidative stability of lean lamb
patties during storage. Small Rumin Res 125:73-80

Wang X, Thomas HB, James CM, Feng C, Gangemi JD (2008) Bioactivities of Gossypol, 6-
Methoxygossypol, and 6,6"-Dimethoxygossypol. J Agric Food Chem 56:4393-4398

Wang X, Howell CP, Chen F, Yin J, Jiang Y (2009) Gossypol — a polyphenolic compound
from cotton plant. Adv Food Nutri Res 58:215-251

Wood JD, Richardson RI, Nute GR, Fisher AV, Campo MM, Kasapidou E, Enser M (2004)
Effects of fatty acids on meat quality: A review. Meat Sci 66(1):21-32



73

512  Table 1 Physicochemical characterisation of meat from lambs fed on different levels of whole cottonseed

] Whole cottonseed (%) Mean or Probability value® ) 3

Variable _ SEM CVv
0 10 20 30 40 Equation WCS L Q

Moisture (%) 75.3 74.4 74.6 75.2 736  y=7451 0.3863 0.2912  0.7092  0.29 1.82
Ashes (%) 1.38¢ 1.14*® 103" 1.08° 1.00° (1) 0.0448  0.0043  0.0992  0.04 15.2
Protein (%) 20.5 20.4 20.5 20.1 21.6 y =205  0.0928 01429 0.0735  0.17 3.80
Lipids (%) 2.79 4.13 3.90 3.60 3.78 y=3.76 04330 0.3452 0.1716  0.18 22.3
Cholesterol (mg/100g) 98.9 88.2 79.7 81.6 85.9 y =85.2 0.0921  0.0406  0.0242 1.96 10.8
TBARS" (mg MDA/Kg) 1.23* 073" 060" 0.46° 052" (2) 0.0006  0.0001  0.0052  0.06 41.9
pH 5.68 5.78 5.80 5.77 5.83 y =578  0.611 0.0292 03762  0.02 1.31
Water activity 0.9934 0.9918 0.9918 0.9910 0.9910 % =0.9916 0.1001  0.0091  0.2625 0.0002  0.12

513 Means in the same row, followed by different letters, differ (P < 0.05) by t-test.
514 TBARS= thiobarbituric acid reactive substances.
515  *WCS= whole cottonseed levels; L= linear tendency; Q= quadratic tendency.
516  2SEM= Standard error mean.
517  3cV (%)= coefficient of variation.

o5 - 2 _ e
518 Y rchos = 1:24 = 0.01WCS (r* = 0.64);
519
520

A~

= 2 2 _
Vrgars = 1:18 = 0.05WCS + 0.007WCS* (r* = 0.96).



521

522
523
524
525

526
527
528
529

530

Table 2 Proximate composition of hamburgers made with meat from lambs fed on different levels of whole cottonseed
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Whole cottonseed (%)

Probability value®

Variables Equation SEM?> CV°
0 10 20 30 40 WCS L Q
Moisture (%) 68.63° 68.88° 74.55° 68.33" 75.80° (1) 0.0001  0.0001 0.3051 0.78 481
Ashes (%) 359 347 286" 365"  2.89° (2) 0.0004  0.0068 0.8316 0.09 12.64
Protein (%) 19.68° 19.53* 16.70° 1858 14.43° (3) 0.0003  0.0001  0.2008 051 12.35
Lipids (%) 5.06° 373 318" 320" 6.8 (4) 0.0015  0.2577  0.0001 032 33.14
Carbohydrates (%) 3.07" 442 271 625  2.19° (5) 0.0030 09757  0.0341 042 50.40
Caloric value (Kcal/100g)  136.50% 129.32° 106.27° 128.08° 110.01° (6) 0.0002  0.0007 01335 314 1117
Cholesterol (mg/100g) 85.02° 80.84* 71.69"° 69.71° 68.48" 7 0.0030  0.0002 02342 192 11.10

Means in the same row, followed by different letters, differ (P < 0.05) by t-test.
"WcCs= whole cottonseed levels; L= linear tendency; Q= quadratic tendency.
2SEM= Standard error mean.

CV (%)= coefficient of variation.

Wy = 68.58 + 0.13WCS (r* = 0.28); @y

y moisture
(O

O-OU/VCS2 (TZ = 0'91); ycarbohydrates
0.44WCs (r* = 0.90).

— 2 _ . Q5
= 3.53 — 0.01WCS (r* = 0.25); Y protein

[OF
ycaloric value

=20.01 — 0.11w ¢S (r* = 0.63);

ashes

=292 + 0.16WCS — 0.004WCS*(r* = 0.21);

(

= 133.81 — 0.54WCS (r* = 0.39);

A5 —
Vipias = 523 — 0.24WCS +
0y = 83.99 —

ycholesterol
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Table 3 Cooking characteristics and texture profile analyses of hamburgers made with meat from lambs fed on different levels of whole

cottonseed

) Whole cottonseed (%) Mean or Probability value® ) 2
Variables ) SEM* CV

0 10 20 30 40 Equation WCS L Q

Cooking yield (%) 85.28°° 83.85° 88.33" 89.80° 88.40" (1) 0.0089  0.0031 04840 0.67 3.43
Cooking loss (%) 14.74*  16.13* 11.68° 10.20° 11.60° (2) 0.0096  0.0033 04816 0.67 233
Moisture retention (%) 53.05° 5493 5593* 5738 57.25° (3) 0.0109 0.0008 0.2653 049 395
Fat retention (%) 7510 104.05 131.38 14510 86.83 y = 108.5 0.0518 0.2475 0.0096  9.05 37.3
Shrinkage (%) 1.34 5.80 3.60 434 4.12 y = 3.84 0.1524  0.2808  0.1585 057 66.1
Hardness (N) 51.33 60.05 55.65 60.98 53.40 y =563 0.2314 0.6357 0.0853 157 125
Cohesiveness 0.68 0.68 0.70 0.70 0.70 y = 0.69 0.3719 0.0856 0.6539  0.00 2.5
Springiness 0.98 0.96 1.03 0.97 0.93 y = 0.97 0.0557 0.2005 0.0494 0.01 521
Chewiness 34.05 39.20 39.80 41.03 34.45 y =377 0.1710 0.7308 0.0211 115 136

Means in the same row, followed by different letters, differ (P < 0.05) by t-test.
"WCs= whole cottonseed levels; L= linear tendency; Q= quadratic tendency.

2SEM= Standard error mean.
CV (%)= coefficient of variation.

oY = 84.69 + 0.12wCS (r* = 0.61); @y

ycooking yield cooking loss

= 15.31 — 0.12wcS (r* = 0.61); @5

moisture retention

= 53.54 + 0.11WcCS (r* = 0.91).
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Table 4 Mean scores of the sensory analysis of hamburgers made with meat from lambs fed on different levels of whole cottonseed, after 15 and

60 days of storage at —18 °C

. 1 Whole cottonseed (%) Mean or Probability value® 3 4
Attributes 0 10 20 30 40 Equation WCS L 0 SEM™ - CV
Day 15
Odour 5.2 5.1° 5.0° 48" 4.6° (1) 0.0044 0.0002 0.4928 0.02 12.73
Colour 4.6 48 4.6 4.7 4.6 y =47 0.7838 0.6924 0.5338 0.02 13.37
Flavour 5.0 4.9 4.9 4.9 4.6 7 =49 0.0956 0.0269 0.2661 0.02 15.22
Texture 4.8 4.9 4.5 4.9 4.8 y =48 0.1132 0.6666 0.4380 0.02 13.77
Appearance 4.8 4.8 4.7 4.7 4.9 y=4.8 0.8280 0.8234 0.5131 0.02 12.38
Purchase intent 3.4 35 3.4 3.2 3.2 y =34 0.1481 0.0338 0.2466 0.02 18.49
Day 60
Odour 4.4 4.6 4.6 4.4 4.5 y = 4.5 0.3753 0.7034 0.2730 0.02 15.60
Colour 5.5° 5.3 5.2% 4.4° 4.8° (2) 0.0001 0.0001 0.2418 0.02 14.14
Flavour 5.7% 5.3% 5.5 4.5° 5.0 (3) 0.0001 0.0001 0.2226 0.02 13.12
Texture 4.8° 5.1 5.1% 47" 4.7 (4) 0.0067 0.0528 0.0195 0.02 14.58
Appearance 51  51% 5.4 4.3° 4.9° (5) 0.0001 0.0002 0.7001 0.02 12.75
Purchase intent ~ 3.7*  3.8% 3.9% 3.0° 3.5° (6) 0.0001 0.0001 0.8902 0.02 16.17

Means in the same row, followed by different letters, differ significantly by t-test (P < 0.05). Day 15 (n=55), day 60 (n=52).
!Scores for odour, colour, flavour, texture and appearance (1 = dislike intensely; 2 = dislike a lot; 3 = dislike moderately; 4 = indifferent; 5 = like moderately; 6 = like a lot; 7
= like intensely); scores for purchase intent (1 = would definitely not purchase, 2 = would probably not purchase, 3 = indifferent, 4 = would probably purchase, 5 = would

definitely purchase).

2WCS= whole cottonseed levels; L= linear tendency; Q= quadratic tendency.
®SEM= Standard error mean.

‘cv (%)= coefficient of variation.
= 5.24 — 0.01WCS (r2 = 0_94); (2)5}

D5
yodour

0.25); ®y

appearance

=522 - 0.01wcs (r* = 0.27); ©y

colour

=551 — 0.02wcS (% = 0.66); ¢

purchase intent

35
yflavour

= 5.63 — 0.02WCS (* = 0.54); ¢

= 3.79 — 0.01wcS (r* = 0.29).

H
y texture

=5.02 — 0.01wcs (+*
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Table 5 Number of correct judgments in the triangle test of hamburgers made with meat from
lambs fed on different levels of whole cottonseed, after 15 and 60 days of storage at —18 °C

_ Whole cottonseed (%)
Triangle test

10 20 30 40
Day 15 23 19 17 23
Day 60 15 17 21 19

Minimum number of correct judgments to establish significance at various levels of probability: 19 (5%), for day
15 (n = 40) and day 60 (n = 40).
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Fig. 1 Photomicrographs of lamb burger from animals fed on different levels of whole
cottonseed

Details A,B) correspond to lamb burger 0% WCS. Note the disruption of muscle cells between the
extracellular matrix, the presence of clusters of adipose cells, connective tissue fibres and large blisters of air
bubbles. Details C,D) correspond to lamb burger 10% WCS. Note the presence of clusters of small muscle
cells, large extracellular matrix in the compact connective tissue and air bubbles. Details E, F) corresponds to
lamb burger 20% WCS. Note well-organised and better-defined muscle cells, abundant extracellular matrix,
interstitial air bubbles of various sizes and clusters of cells in the connective tissue. Details G, H) correspond to
lamb burger 30% WCS. Observe muscle tissue, connective tissue and air bubbles distributed heterogeneously
in the tissue and ample extracellular matrix. Details I, J) correspond to lamb burger 40% WCS. Shows the
presence of extracellular matrix, well organised muscle tissue and few air bubbles.

Muscle tissue (arrows); adipose cells (arrowheads); connective tissue (*); extracelular matrix (#), air bubbles ().
hematoxylin and eosin. 4x and 10x, respectively.
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5 ARTIGO 3 - Is it possible to produce meatballs made with lamb from animals fed on

whole cottonseed without altering the sensory characteristics?

Artigo aceito para publicacdo no periddico International Food Research Journal (IFRJ), em 21
de novembro de 2017. Apresentado conforme as normas da revista
(http://www.ifrj.upm.edu.my/doc/IFRJ%20Author%20Guidelines.pdf ).
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Abstract

The aim of this study was to evaluate the chemical composition and the technological and
sensory properties of lamb meatballs made with meat from animals fed with different levels
of whole cottonseed (0, 10, 20, 30 and 40%). The meatballs prepared with lamb from
animals fed on whole cottonseed presented higher (P<0.05) ash content. All the meatball
formulations presented low levels of lipids (2.90%) and cholesterol (74.15 mg/100g), as well
as high protein content (18.92%). The difference (P<0.05) observed in the variables of
cooking characteristics did not have an effect on the texture profile, which was related to the
microscopic observations of the product. In the triangle test for difference, the testers did not
perceive difference between the control meatballs (0%) and those with up to 30% of whole
cottonseed. However, in the acceptance test, the testers detected sensory alteration starting
at a level of 12.5% of whole cottonseed. Thus, it is possible to produce meatballs with meat
from lambs fed on up to 12.5% of whole cottonseed in the dry matter of their diet without

altering the sensory characteristics of the product.

Keywords: texture profile analysis; microscopy; triangle test; lamb meat products.

Introduction

Whole cottonseed is widely produced in Brazil and worldwide. In the period 2015-
2016, world production was 21 million tons and the largest producer was India (5.7 million
tons) (ICAC, 2016). Brazil occupied fifth place worldwide in terms of production (1.9 million
tons). The main producing states are Mato Grosso and Bahia, which are responsible for
about 57.4% and 28.8% of national production, respectively (Brasil, 2015).

Whole cottonseed, which is an oilseed, is a by-product of the processing and/or
ginning of cotton, both of which are intended to separate the fibres. Whole cottonseed is
characterised by high levels of protein, lipids and crude fibre (NRC, 2007); it is considered to
be a good protein and energy supplement and it can be used to prepare animal feed
because it is a good source of quality protein (EMBRAPA, 2003; Madruga et al., 2008; Paim
et al., 2010).

However, the use of whole cottonseed in animal diets is limited because of its

possible association with undesirable characteristics in meat. Several studies in the literature
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have evaluated the effect of whole cottonseed on carcass performance and the quality of
lamb meat (Madruga et al., 2008; Paim et al., 2010; Vieira et al., 2010; Piona et al., 2012;
Oliveira et al., 2013; Viana et al., 2014, Rufino Junior et al., 2015; Pellegrini, 2017). These
studies have demonstrated the feasibility of using this ingredient in different concentrations
(10-40%) in the diet of lambs and for short periods (60 to 90 days) of confinement. However,
no studies were found that evaluated the performance of this meat during processing, or the
impact on the sensory quality of products. Consequently, this article investigates these
issues.

Meat products, such as meatballs, are popular and convenient foods because they
are economical, easy to prepare and also because they contain nutrients that satisfy hunger
rapidly, which is in line with current lifestyles (Borba et al., 2013). Brazilian legislation defines
meatballs as a processed meat product obtained from the ground meat from one or more
species of slaughtered animals. Meatballs are moulded into a rounded form together with
additional ingredients and are then subjected to an appropriate technological process; they
are sold raw, semi-cooked, fried, cooked or sterilised (Brasil, 2000).

Considering the scarcity of data regarding the characteristics of meat products made
from meat from lambs fed with whole cottonseed, the present study was designed to
evaluate the chemical composition, as well as the technological and sensory properties, of
meatballs made with lamb from animals fed with different levels (0, 10, 20, 30 and 40%) of

whole cottonseed (WCS).

Materials and Methods
Obtaining the meat

The lamb meat that was used for the experiments was approved by the Ethics
Committee on the Use of Animals (CEUA) of the Federal Institute of Education, Science and
Technology Farroupilha, in the city of Julio de Castilhos, Rio Grande do Sul, Brazil under

Protocol No. 01.0378.2015/ 001.2015.
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The animals that were used were twenty, male, uncastrated, lambs of the lle de
France breed, which had been weaned at 60 days. The animals were finished in confinement
in individual, fully covered stalls, with a slatted floor and approximately 2 m2 of area. The
animals were provided with drinking fountains and feeders.

The lambs were divided into five experimental treatments, with four replicates. Each
treatment consisted of the base experimental diet, to which whole cottonseed (Gossypium
hirsutum L.) was added in proportions of 0, 10, 20, 30 and 40% of WCS in dry matter,
respectively. The experimental diet (base) was composed of corn silage (Zea mays L.),
ground corn (Zea mays L.) and soybean meal (Glycinemax L.), in a concentrated voluminous
ratio (40:60) and mineral mix, as well as an isoproteic in order to meet the nutritional
requirements of growing lambs (NRC, 2007).

Feeding was ad libitum, twice a day, at the pre-set times of 7.00 a.m. and 4.00 p.m.,
with the quantity being adjusted to maintain leftovers at approximately 10% of the total that
was offered. The feeding trial of the lambs started after the adaptation period (14 days) and
continued until the moment of slaughter. A final live weight of 36 kg was established as the
slaughter criterion because the confinement times were different due to the difference in daily
weight gain (mean confinement time was 64 days). Prior to being slaughtered, the animals
were stunned using a pneumatic gun, followed by bleeding, skinning, evisceration, weighing,
washing and cooling. The carcasses were cooled at 2 °C for 24 hours. The legs were
subsequently collected, packed and frozen in a conventional freezer (Metalfrio, Sdo Paulo,

SP, Brasil), at -18 °C, until the preparation of the meatballs.

Preparation of meatballs

The meatballs were prepared in accordance with the Technical Regulation of Identity
and Quality of Meatballs (Brasil, 2000) and Ordinance No. 1004 (Brasil, 1998). The base
formulation (common to all the formulations) was composed of the following: water (8%);
corn starch (4%), (Yoki General Mills, S&o Bernardo do Campo, SP, Brasil); textured soy

protein (2%), (Solae, Esteio, RS, Brasil); concentrated soy protein (2%), (Solae, Esteio, RS,
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Brasil); sodium chloride (1.2%), (Diana, S&o Paulo, SP, Brasil); garlic paste (1%),
(Temperalho ind. LTDA, lacanga, SP, Brasil); monosodium glutamate (0.3%), (Ajinomoto,
Sdo Paulo, SP, Brasil); maltodextrin (0.3%), (Nutract, Chapecd, SC, Brasil); sodium
tripolyphosphate (0.3%), (Sado Paulo, SP, Brasil); parsley (0.2%), (Kitano, Sdo Bernardo do
Campo, SP, Brasil); seasoning (0.2%), (Bremil, Arroio do Meio, RS, Brasil); sodium
erythorbate (0.2%), (Nutract, Chapecd, SC, Brasil); sodium lactate (0.01%), (Nutract,
Chapecd, SC, Brasil); smoke powder (0.04%) (ICL, Séao Paulo, SP, Brasil); and red pepper
(0.038%), (Kitano General Mills, Sdo Bernardo do Campo, SP, Brasil). Five formulations of
meatballs were developed, in which lamb meat (80.21%) derived from animals fed on the
respective diets (0, 10, 20, 30 and 40% of WCS) was added to each formulation, giving rise
to five different meatball formulations.

For the preparation of the meatballs, leg of lamb was used, which had been
previously thawed under refrigeration (4 °C) (Electrolux, Curitiba, PR, Brasil), removing the
excess fat. The meat was subsequently ground (Jamar PJ22, Jamar Ltda, Sdo Paulo, SP,
Brasil) using discs with a 5 mm hole and taken to a mixer (Jamar MJI 35, Jamar Ltda, S&o
Paulo, SP, Brasil) to add the other ingredients. The mixing process lasted approximately 15
minutes and the temperature of the mixture did not exceed 2 °C.

After a homogeneous mixture was obtained, the meatballs were manually moulded in
a spherical format with a + 3 cm diameter (approximately 30 g each), placed in aluminum
disposable trays, covered and immediately frozen in a conventional freezer (Metalfrio, S&o
Paulo, SP, Brasil), at -18 °C, where they were maintained until analysis.

Physicochemical characterisation

The lamb meat and meatballs were characterised as raw, in triplicate, by the
determination of humidity (indirect gravimetric method at 105 °C), protein (micro Kjeldahl
method), ash (method of incineration in muffle at 550 °C), according to the AOAC (2005),
and lipids (lipid separation method with hexane:isopropyl alcohol) according to Hara &
Hadin’s (1978) methodology. For the meatballs, the carbohydrates were determined by the

difference between the other analysed fractions (AOAC, 2005).
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The calorific value of the meatballs was calculated by summing the calories provided
by carbohydrates, proteins and lipids and by multiplying their values in grams by the Atwater
factors 4 kcal, and 4 kcal and 9 kcal, respectively.

Cholesterol was determined in the raw meat and meatballs by the enzymatic method
(Saldanha et al., 2004) in duplicate.

To assess the extent of lipid oxidation that occurred in the meatballs, the
thiobarbituric acid (TBA) index was used, following the methodology of Raharjo, Sofos, and
Schmidt (1992). The analyses were performed in duplicate and the results were expressed
as mg of malonaldehyde per kg of sample (MDA mg/kg sample).

The evaluation of pH was performed using a pH meter (pH metro, model DM-23DC
S&o Paulo, Brazil) in accordance with the IAL (2008), with readings performed in triplicate.

The water activity values were determined using Aqualab® (Water Active Meter,

version 8, Decagon Devices, Inc., Pullman, Wa, USA) at 25 °C, in triplicate.

Histological evaluation

For the histological evaluation, three fragments of each meatball formulation were
collected from the centre of the raw samples and they were processed according to the
conventional histological technique (Junqueira and Carneiro, 2008). The raw samples were
cut into sections with a thickness of 4 ym and stained with hematoxylin and eosin; three
slides of each sample were prepared. The images observed under a microscope (Leica
Microscopy Systems, Heerbrugg, Switzerland) were captured with the aid of Motic Images
Plus 2.0 software (Motic instruments, INC, Richmond, Canada). The microscopy was
performed at the Histology Laboratory of the Pharmacy Department at the Integrated

Regional University of Alto Uruguay and the Missions (URI) in Erechim, RS, Brazil.

Cooking characteristics
The meatballs used in the analysis of cooking characteristics, texture profile and

sensory analysis were cooked in an electric oven (Fischer Grill 44 L, Fischer, Brusque, SC,
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Brasil) at 180 °C until they reached an internal temperature of 72 °C. The analyses of the
cooking characteristics were performed in four meatballs from each formulation and the yield
was calculated by the ratio of the weight of cooked meatball to the raw meatball weight,
which was expressed as a percentage. The data regarding moisture retention (Eqg. 1), fat
retention (Eq. 2), shrinkage (Eqg. 3) and losses (total, exudate and evaporation) (Eq. 4, Eq. 5

and Eq. 6, respectively) were obtained as described by Gok et al. (2011):

weightcooked X % moisturecooked meatball x 100 (1)

Moisture retention (%) = : .
weightyaw X % moistureraw meatball

weight X % fat,
%) — 8Ntcooked 0 cooked meatball x 100 (2)

Fat retention ( ,
weightraw X % fatraw meatball

. volume — volume
Shrinkage (%) = raw meatball cooked meatballl 1)) 3)
volumeraw meatball

weightraw-weightcooked

Cooking loss (%) = x 100 (4)

weightraw

weight —weight
8Nttray ext.xdate ghtiry % 100 (5)
cooking loss

Exudate loss (%) =

cooking loss—exudate loss

Evaporative loss (%) = X 100 (6)

cooking loss

Texture profile analysis

The texture profile analysis was performed using a TA-XT.plus Texture Analyzer,
equipped with Texture Expert Exponent Software (Stable Microsystems Ltd., Surrey,
England). To perform the analysis, after being cooked according to the cooking procedure
described above and cooled to room temperature, the meatball samples were cubed (1 cm?®).
Four meatballs from each formulation were analysed and 10 cubes were removed from each

unit. Each cube was tested under the following conditions: test speed of 5 mm/s; pre-test
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speed of 1 mm/s; return speed of 5 mm/s; return distance of 20 mm; contact force of 1 g;
compression height of 50%; and interval between compressions of 5 s. The texture profile
was evaluated based on the characteristics of hardness, cohesiveness, springiness and

chewiness (Bourne, 1978).

Microbiological evaluation

In order to evaluate the microbiological quality of the meatballs, the following
analyses were performed: Salmonella spp., Clostridium botulinum, Staphylococcus aureus
and total coliforms and coliforms at 45 °C (Escherichia coli), in accordance with Normative
Instruction No. 62 (Brasil, 2003) and following the standards recommended by ANVISA

(Brasil, 2001). The analyses were performed on the raw meatballs on day one.

Sensory analysis

This study was previously approved by the Research Ethics Committee of the Federal
University of Santa Maria under protocol No. 934.222 and Certificate of Presentation for
Ethical Assessment, CAAE No. 40246214.3.0000.5346. Sensory evaluation was performed
on day 15, after confirmation of the microbiological safety of the products.

The samples offered to the testers were prepared according to the aforementioned
cooking procedures. After cooking, the meatballs were wrapped separately in foil and kept at
60 °C until serving. The meatballs were served in plastic cups in portions of 30 g with
approximately 20 g of traditional tomato sauce (Predilecta®; ingredients: tomato, tomato pulp,
salt, starch, sugar, soybean oil, onion, parsley flakes, garlic powder, monosodium glutamate
flavour enhancer and potassium sorbate conservative, with an energy value of 22 Kcal per
60 g portion). The meatballs were heated to 60 °C.

Based on the criterion that they liked lamb meat, untrained testers were recruited to
perform triangle (40 testers) and affective (50 testers) tests (IAL, 2008).

The triangle test was performed in order to detect if the whole cottonseed used in the

animals' diets had an effect on the flavour in the products and at what level the testers
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perceived this differentiated flavor when compared to the control, which was developed with
meat from lambs fed on a diet without whole cottonseed. Thus, the triangular test was used
to compare each formulation of meatball made with meat from lambs fed with whole
cottonseed (10, 20, 30 and 40% of WCS) versus the formulation elaborated with the control
formulation (0% WCS).

The interpretation of the results was based on the relationship between the total
number of judgments versus the number of correct judgments compared to the result of the
chi-square table (IAL, 2008). The results of the number of correct judgments greater than or
equal to the table value made it possible to conclude that there was a significant difference
between the samples at the corresponding probability level (5%). Together with the sensory
scoresheet from the triangle test, three coded samples were simultaneously presented to the
testers, two identical and one different, and the testers were asked to discriminate the
sample(s) that seemed to be different.

The affective test was applied by using a hedonic scale acceptance test, in which the
attributes of odour, colour, flavour, texture and appearance were evaluated using a seven-
point scale (1 = dislike intensely, 7 = like intensely) and a five-point purchase intent test (1 =
would definitely purchase, 5 = would definitely not purchase). For this test, the samples were
offered to the testers in a monodic and random fashion, along with the sensory scoresheet of
the acceptance test and the purchase intent test (IAL, 2008). From the scores assigned in
the acceptance test, the acceptability index (Al) of the product was calculated according to
the equation: Al (%) = A x 100/B, where A = average score obtained for the product and B =
maximum score given to the product. In this context, Al= 70% was considered to be a good

score (Dutcosky, 2011).

Statistical analysis
For the physicochemical analysis of the fresh meat and the meatballs, the statistical

analyses were performed using a completely randomised experimental design with five
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treatments (0, 10, 20, 30 and 40% of WCS) and four repetitions, according to the following
statistical model:

YVij=pn+a +e¢;
Where Y;; = the value observed at the i-th level of WCS and j-th repetition; u = the overall
mean of the response variable; a; = the fixed effect of the i-th level of WCS; ¢;; = the random

effect associated with observation Y;;, presupposing gl-jide(O,az).

The sensory analysis data were analysed in a randomised block design for storage
time (15 days).

The data were subjected to outlier investigation from the studied residues. They were
subsequently submitted to univariate analysis of variance (ANOVA) by the GLM procedure.
The means were adjusted by the ordinary least squares method with the LSMEANS
command and compared by the least significant difference, by t-test.

The linear and quadratic trends were tested by means of the contrasts from the
coefficients for interpolation of the orthogonal polynomials. In addition, the polynomial
regression was adjusted using the RSREG procedure; the r? values were expressed in
relation to the source treatments (regression + lack of fit). Furthermore, Spearman’s partial
correlation analysis was performed between the studied variables, with the levels of whole
cottonseed being used as covariate.

The statistical analyses were performed using SAS® System for Windows™ version

9.4 (SAS Institute Inc., Cary, NC, USA).

Results and Discussion
Physicochemical characterisation of lamb meat

The addition of whole cottonseed to the diets of the lambs changed (P<0.05) the
moisture content and the TBARS of the meat (Table 1). The moisture levels in the meat were
lowest (P<0.05) with the inclusion of 19% of WCS in the diet of the lambs (Vnoisture =

76.47 — 0.15WCS + 0.004W(CS?; (r? = 0.85)). The TBARS values displayed quadratic
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behaviour (P<0.05), with a minimum point of 25% of WCS. The decrease in the TBARS
values up to 25% of WCS can be explained by the fact that phenolic compounds,
tocopherols (Oliveira et al., 2016) and gossypol (Wang et al., 2008; Wang et al., 2009), which
are present in whole cottonseed, when deposited in lamb meat (Kim et al., 1996) reduced
lipid oxidation (Wang et al., 2008). However, the increase in TBARS values from 25% of
WCS can be explained by the increase in the level of whole cottonseed in the diet of the
lambs; there was an increase in the deposition of unsaturated fatty acids (Pellegrini, 2017),
which are more susceptible to lipid oxidation. This explains the higher TBARS values found
for meatballs made with lamb from animals fed with 40% of WCS. Brazilian legislation does
not establish a maximum limit of malonaldehyde/kg in meat products. However, data from
the literature indicate that values of up to 2.00 mg of MDA /kg of sample are not perceived by
consumers (Wood et al., 2004). Thus, the lamb meat used to prepare the meatballs in the

present study contained physicochemical conditions that were suitable for processing.

Chemical composition of the meatballs

The meatballs made with lamb from animals fed on diets containing whole cottonseed
presented higher (P<0.05) levels of ash content (Table 2). This was because the
consumption of whole cottonseed resulted in increased levels of minerals in the diets
(Pellegrini, 2017) and, consequently, an increased deposit of minerals in the meat of the
lambs (Paim et al., 2014) and its derivatives. In the present study, the ash content in the
meat from lamb fed on whole cottonseed was higher, but not significantly (Table 1).

The results regarding the chemical composition of the meatballs showed that all the
formulations were in accordance with the Identity and Quality Standard for Products (Brasil,
2000), which establishes a minimum value of 12% for protein and maximum values of 18%
for fat and 10% for total carbohydrates.

The results regarding proteins were similar to those reported by Linares et al. (2012)

in hamburger made from lamb meat, when prepared with leg (19.56%) or leg + neck + breast
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(17.23%), and higher than those found in reduced-fat lamb meat nuggets (14.32%) (Gadekar
et al., 2016).

The meatballs made with lamb meat from animals fed with whole cottonseed had a
lipid content (2.90%) lower than those reported in the literature for lamb meatballs (10.5%),
lamb paté (23.79%) and lamb nuggets (9.47 to 14.32%) (Kitano and Prestes, 2012, Amaral
et al., 2015, Gadekar et al., 2016). These differences were specifically attributed to the type
of cut used in the preparation of the product, as well as the addition (or not) of fat to the
formulation and the method of preparation (roasted or fried). Pre-fried and fried lamb nuggets
had a mean lipid content of 12.75% and 17%, respectively (Medina et al., 2015).

The cholesterol content (74.15 mg/100 g) found in the meatball formulations was
similar to that found by Madruga et al. (2008) in meat from Santa Inés lambs fed with
different levels of whole cottonseed. The levels reported in the aforementioned study varied
from 80.60 mg/100 g in animals fed on the control diet (0% of WCS) to 77.96 mg/100 g in the
animals fed with 40% of WCS, which were considered as low (<90 mg/ 100 g). The
aforementioned results were similar to those found for ostrich meat (filet, 75.39 mg/100 g)
and chicken (thigh and leg, 75.94 mg/100 g), but were higher than those found for pork (leg,
56.97 mg/100 g) and beef (rump, 60.96 mg/100 g) (Hautrive et al., 2012).

The formulations of meatballs made with lamb meat from animals fed with whole
cottonseed presented a nutritional quality that was compatible with the current trends for

meat products with reduced fat and cholesterol levels (Barbut et al., 2016).

Histological evaluation

Histological evaluation using light microscopy has been widely used to evaluate the
microstructure of meat products (Vidal et al. 2014; Londero et al., 2015; Oliveira et al., 2015;
Abdel-Naem et al., 2016; Barbut et al., 2016), making it possible to relate structural
properties to results regarding cooking characteristics and texture profile of products.

By using microscopic images, it was possible to observe the distribution of the

muscular, adipose and connective tissue, as well as the presence of intracellular edema,
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rupture of the cells, disorganisation and binding of the tissues. There was a histological
difference between the formulations. The control formulation (0% of WCS) presented a wide
disruption of the muscular and connective tissues, as well as the presence of clusters of
adipose cells and extracellular space (A and B, Fig. 1). Such characteristics reflected the
disorganisation of the microscopic structures of this formulation, evidencing the absence of
tissue binding.

The formulations containing 10% (C and D), 20% (E and F), 30% (G and H) and 40%
(Iand J, Fig. 1) of WCS had structures that were similar to each other, showing well-defined
muscle cells, which were associated with well-organised connective tissue and well-
distributed adipose tissue cells. Such characteristics guarantee the organisation of muscular
tissues with connective and adipose tissues, demonstrating adequate tissue attachment and

providing better technological properties for products.

Cooking characteristics and texture profile analysis

The cooking vyield of the meatballs was affected (P<0.05) by the levels of whole
cottonseed in the animals' diet (Table 3). The worst performance was in relation to the
formulation containing 17% of WCS, which was represented by a the lowest (P<0.05)
cooking yield, lowest (P<0.05) moisture retention and, consequently, the highest (P<0.05)
cooking loss and highest (P<0.05) shrinkage.

The cooking characteristics of a product make it possible to verify the influence of the
ingredients of a formulation, as well as the steps of the process. With the exception of the
lamb meat (from animals fed with 0, 10, 20, 30 and 40% of WCS), all the meatball
formulations received the same amount of ingredients. Furthermore, the order of the addition
of the ingredients, and the time and temperature of the mixtures, were standardised in order
to obtain the solubilisation of the myofibrillar proteins to provide a stable meat emulsion
(Gadekar et al.,, 2016). Consequently, it was hard to understand the difference found in
relation to the variables of cooking characteristics. The retention of moisture and fat in the

food matrix have a direct influence on the texture and sensory properties of products
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because moisture confers juiciness, and fat, in addition to conferring juiciness, promotes
flavour, texture, softness and shine (Costa et al., 2009).

The cohesiveness of the meatballs differed (P<0.05) depending on the level of
inclusion of whole cottonseed in the diet of the lambs. Cohesiveness provides the measure
of how much the structure of a product supports compression; it is proportional to the
strength of the internal bonds that make up the body of the product (the higher the cohesion
value the more resistant the product) (Bourne, 2002). The highest value (P<0.05) was found
for the control formulation (0% of WCS).

The values for cohesiveness were high and correlated negatively (r= -0.85, P<0.01)
with the lipid contents of the meatballs. Youssef and Barbut (2011) and Gadekar et al. (2016)
also reported a decrease in cohesiveness with increased lipid content. However, the lipid
content of meatballs did not differ (P>0.05) in the present study (Table 2).

The texture profile of the meatballs showed low values for hardness, springiness and
chewiness (Table 3) when compared to those found by Gutt et al. (2014) in a study of the
freshness of chopped meat (hardness 50.8 N, cohesiveness 0.82, springiness 0.71,
chewiness 30.6), and were therefore considered to be soft and mouthwatering products. The
differences between these two studies can be attributed to the different species that were
used (lamb and cattle) and possibly the age of the animals.

The differences in relation to cooking characteristics (Table 3) did not reflect a
negative effect on the texture profile (Table 3) and the microscopic properties (Fig. 1),
between which a certain association was observed. Such behaviour can be attributed to the
main constituents of the meatballs (moisture, proteins and lipids), which did not differ

(P>0.05) according to the level of whole cottonseed (Table 2).

Microbiological evaluation
Brazilian legislation (Brasil, 2001) recommends the absence of salmonella in 25 g of
sample and a maximum limit of 3.48 log CFU/g for Clostridium sulfite reducer, 3.7 log CFU/g

for Staphylococcus coagulase and 3.7 log CFU/g for total coliforms at 45 °C. All the
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formulations of lamb meatballs made with meat from animals fed with whole cottonseed
(data not shown) were within these quality control standards established by current

legislation and were considered to be safe for consumption.

Sensory analysis

A total of 90 testers participated in the sensory analysis; 54% were female and 46%
were male. The testers were aged 18-30 (83%), 31-50 (12%) and over 50 (4%).

In the triangle test, 16, 14, 14 and 21 correct judgments were obtained for the
meatball formulations containing 10, 20, 30 and 40% of WCS, respectively, when compared
to the control (0% of WCS). Considering a significance level of 5%, it would be necessary to
have at least 19 correct judgments (IAL, 2008) to deduce that the testers detected a
difference between the formulations of meatballs made with meat from animals fed on whole
cottonseed (10, 20, 30 and 40% of WCS) compared to the control formulation (0% of WCS).
Thus, it can be concluded that the testers detected no difference between the control (0% of
WCS) and the formulations made with lamb from animals fed on levels of up to 30% of WCS.

In the affective test, the testers found no difference (P>0.05) between the
formulations regarding colour and texture, which received the ratings of 'indifferent' and 'like
moderately', respectively (Table 4). The attributes of odour, flavour and appearance of the
meatballs were influenced (P<0.05) by the levels of whole cottonseed, and these attributes
obtained a favorable rating (5 = like moderately) in the concentrations up to 34.4, 12.5 and
14.2% of WCS, respectively.

However, the acceptability index calculated for these attributes was higher than 70%
(70% odour, 74% flavour, 73% appearance) and the responses for all the attributes in the
acceptance test was 5 (like moderately) for all the formulations. In the purchase intent test,
the greater frequency was 4 (would probably purchase) up to 30% of WCS and 3 (indifferent)
for up to 40% of WCS (data not shown).

Similar results were reported by Pellegrini (2017), who evaluated the sensory quality

of lamb meat from animals fed on whole cottonseed (0, 100, 200, 300 and 400 g Kg™). In the
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multiple comparison test the testers (8) could detect no difference (P>0.05) between the
flavor of meat from lambs fed with or without whole cottonseed. However, the testers
rejected (P<0.05) meat from animals fed with 23.5% of whole cottonseed in dry matter in the
diet, proving that the addition of whole cottonseed in the animals' diet increased the sensory
rejection of lamb meat.

In general, products made from lamb meat have shown good acceptability, and
consumer demand is increasing. Kitano et al. (2012) obtained good acceptance for lamb
meatballs, with 94% purchase intent. Amaral et al. (2015) reported good acceptance for lamb
paté stored for up to 30 days. Furthermore, lamb nuggets made from different cuts (Medina
et al., 2015) and reduced-fat lamb nuggets (control 10% fat, 7.5% fat and 2.5% inulin, 5% fat
and 5% inulin) also obtained good sensory acceptance (Gadekar et al., 2016).

Thus, it can be stated that in the present study, the use of whole cottonseed in the
animals' diet compromised the sensory characteristics of the products. In addition, it was
inferred that the flavoring used in the formulation of the meatballs and the tomato sauce used
in the sensory evaluation inhibited the sensory detection of off-flavour compounds. However,
they were not sufficient to inhibit the aftertaste in the lamb meatballs made with meat from
animals fed with whole cottonseed. Therefore, it is evident that the inclusion of whole
cottonseed in the lambs' diet produced an undesirable taste in the meatballs, which was a
limiting factor in terms of flavour, but which was accepted up to 12.5% of WCS.

In lamb meat and lamb meat products, off-flavour has been referred to as a “strange”
or “strong” flavour (Khan, Jo and Tariq, 2015; Andrade et al., 2016), which can lead to the
rejection of lamb products by testers. The development of off-flavour can be associated with
the following factors: the physiological condition, castration and stress of animals before
slaughter (Monte et al., 2012); age at slaughter, body mass and animal feed (Brito et al.,
2016; Erasmus et al., 2016; Jaworska et al., 2016; Pellegrini, 2017); as well as the levels of
fat deposition, lipid oxidation and volatile compounds (Vasta and Luciano, 2011; Khan, Jo

and Tariq, 2015; Ma et al., 2016; Brito et al., 2017).
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Conclusion

The formulations of meatballs made with meat from lambs fed with different levels of
whole cottonseed complied with Brazilian legislation in relation to physicochemical and
microbiological characteristics. The meatballs presented reduced levels of lipid, cholesterol
and calorific content, as well as high protein content. An association was observed between
the results of chemical composition, texture profile and the structural properties of the
meatballs. The whole cottonseed used in the diet of the lambs influenced the acceptability of
the meatballs, mainly affecting odour, flavour and appearance.

It is possible to produce meatballs with meat from lambs fed on levels of up to 12.5%
of whole cottonseed in the dry matter of the diet without altering the sensory characteristics

of the product.
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Table 1. Physicochemical characterisation of meat from lambs fed on different levels of whole cottonseed.

Variahle! Whole cottonseed % Mean.or Probability value® SEMZ OV
0 10 20 30 40 Equation WCS L
Moisture, % 76.65°° 75.17° 74.99° 76.69% 77.42° (1) 0.0496 0.1308  0.0137 0.32 1.90
Ash, % 1.05 114 122 111 119 y=115 0.3543 0.2187 0.3161 0.03 10.15
Protein, % 18.76 19.90 20.69 1891 1835 ¥ =1932 01257 0.3953  0.0268 0.33 7.53
Lipids, % 332 379 310 329 3.06 jy=331 04453 0.2845 06379 0.13 17.78
Cholesterol, mg/100g 93.73 8558 100.02 100.81 92.52 y=9420 0.0681  0.2863 0.3234 1.95 9.02
TBARS, ’ 0.67* 0.43™ 0.39° 0.38° 0.51° (2) 0.0002  0.0036  0.0001 0.03 26.73
pH 568 562 562 558 560 y=562 01787  0.0417 0.2765 0.01 1.03
Water activity 0.9875 0.9874 0.9876 0.9877 0.9873 3 =0.9875 0.9344 09006 0.6585 0.01 0.06

Means in the same line, followed by different letters, differ significantly by t-test (P<0.05). (n=3).

"TBARS-= thiobarbituric acid reactive substances (mg MDA/Kg).
"WCS= whole cottonseed levels; L= linear tendency; Q= quadratic tendency.
’SEM= standard error mean.

3CV (%)= coefficient of variation.

W oisture = 76.47 — 0.15WCS + 0.004WCS? (r? = 0.85); @Prpars = 0.66 — 0.03WCS + 0.0006WCS? (% = 0.97).
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Table 2. Chemical composition of lamb meatballs from animals fed on different levels of whole cottonseed.

104

Varlable Whole cottonseed, % Mean.or Probability value® SEMZ OV
0 10 20 30 40 Equation WCS L
Moisture, % 70.50 70.00 70.19 70.05 70.30 y =70.21 0.1176 0.4319 0.0456 0.07 0.43
Ash, % 3.39° 3.50° 3.40™ 3.48° 3.47% (1) 0.0210 0.0876 0.5566 0.01 1.79
Protein, % 18.60 19.28 19.12 19.10 18.55 y =18.92 0.0578 0.6735 0.0077 0.11 2.42
Lipids, % 3.15 3.00 2.64 2.85 2.88 y =290 0.5102 0.2981 0.2457 0.09 14.04
Carbohydrates, % 4.37 4.23 5.05 4.53 4.81 y = 4.60 0.4148 0.2702 0.6775 0.15 14.19
Caloric value, Kcal/100g 120.22 121.04 118.49 120.17 119.32 y =119.92 0.7937  0.5562 0.8748 0.60 2.19
Cholesterol, mg/100g 70.71 76.77 74.08 72.42 76.77 y =74.15 0.8213 0.5804 0.8859 0.07 0.43

Means in the same line, followed by different letters differ significantly by t-test (P<0.05). (n=3).

"WCS= whole cottonseed levels; L= linear tendency; Q= quadratic tendency.

2SEM= standard error mean.

3CV (%)= coefficient of variation.
(GNP

Vashes = 342 — 0.001WCS (r? = 0.21).
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Table 3. Cooking characteristics and texture profile analyses of lamb meatballs made with meat from animals fed on different levels of whole
cottonseed.

_ Whole cottonseed, % Mean or Probability value* ) s
Variable _ SEM Ccv
0 10 20 30 40 Equation WCS L Q
Cooking yield, % 88.87° 85.28° 86.65° 8851 88.64° (1) 0.0028  0.1698  0.0033 0.40 2.05
Cooking loss, % 11.14° 14.72* 13.35° 11.50° 11.37° (2) 0.0028  0.1698  0.0033 0.40 14.46
Exudation, % 1.69*  1.64*  0.46° 0.77° 1.77° (3) 0.0186  0.4617  0.0056 0.17 61.19
Evaporation, % 98.31° 98.36° 99.54° 99.24%® 98.23° (4) 0.0186  0.4617  0.0056 0.17 0.77
Moisture retention, % 57.92°® 53.86° 56.02° 58.90° 58.21° (5) 0.0006  0.0195  0.0104 0.50 3.92
Fat retention, % 84.66 96.49 81.90 7586 77.71 y=8332 0.6599  0.3097  0.7732 4.45 23.89
Shrinkage, % 15.49%® 17.65° 21.61* 16.87° 7.89" (6) 0.0499  0.0987  0.0114 1.54 43.27
Hardness, N 28.91 2797 3433 3568 3430 y=3224 03110 0.0772  0.6164 1.42 19.75
Cohesiveness 0.62° 049" 051° 052° 048 (7) 0.0001  0.0001  0.0084 0.01 10.52
Springiness 1.04 1.20 1.20 1.22 1.18 y=117 0.0996  0.0647  0.0503 0.02 9.13
Chewiness 18.46  16.86 21.31 2250 2064 y=1996 0.5610  0.2401  0.7019 1.13 25.28

Means in the same line, followed by different letters, differ significantly by t-test (P<0.05). Cooking characteristics (n=4), texture profile analyses (n=10).
'WCS= whole cottonseed levels; L= linear tendency; Q= quadratic tendency.

’SEM= standard error mean.

%CV (%)= coefficient of variation.

D cooking yerd = 88.16 — 0.2WCS + 0.006WCS? (r? = 0.54), @9 cooking 1oss = 11.84 + 0.2WCS — 0.006WCS?(r? = 0.53), @y =1.88 — 0.11WCS +

Yexudation

0.003WCS? (r2 = 0.71), D9 pvaporation = 98.12 + 0.11WCS — 0.03WCS? (1% = 0.71), ®lgp =56.91 — 0.16WCS + 0.005WCS? (r? = 0.42),

Ymoisture retention

OF nrinkage = 14.67 + 0.72WCS — 0.02WCS? (r? = 0.93), " onesiveness = 0.59 — 0.07WCS + 0.0001WCS? (% = 0.68).
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Table 4. Mean scores for the sensory analysis of lamb meatballs from animals fed on different levels of whole cottonseed.

Whole cottonseed, % Mean or Probability value?
Attributes® _ SEM® cV*
0 10 20 30 40 Equation WCS L Q
Odour 526% 5.18® 4.92° 515 494" (1) 0.0313  0.0224 05342 0.01 981
Colour 4.54 4.84 4.74 4.83 4.63 y =471 0.2236  0.6232  0.0465 0.02 12.97
Flavour 5132  519° 4.67° 510° 453 (2) 0.0005  0.0022 0.5288 0.02 12.61
Texture 5.16 4.94 5.05 5.22 5.05 y = 5.09 0.4836  0.9050 0.7102  0.01 10.40
Appearance 5.00° 5.20° 4.93* 509° 4.61° (3) 0.0040  0.0128  0.0268 0.01 10.51
Purchase intent 3.60* 372 3.38™ 360 3.30° (4) 0.0253  0.0262  0.4936 0.02 14.75

Means in the same line, followed by different letters, differ significantly by t-test (P<0.05). n= 50.

'Scores for odour, colour, flavour, texture and appearance (1 = dislike intensely; 2 = dislike a lot; 3 = dislike moderately; 4 = indifferent; 5 = like
moderately; 6 = like a lot; 7 = like intensely); scores for purchase intent (1 = would definitely not purchase, 2 = would probably not purchase, 3 =
indifferent, 4 = would probably purchase, 5 = would definitely purchase).

WCS= whole cottonseed levels; L= linear tendency; Q= quadratic tendency.

*SEM= standard error mean.

“CV (%)= coefficient of variation.

DY odour = 5:18 = 0.005WCS (% = 0.61), P9/ 14000 = 5.15 — 0.01WCS (% = 0.45), PJuppearance = 512 — 0.008WCS (1% = 0.40), P urenase intent = 3-66 —

0.007WCS (r? = 0.45).
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Fig. 1. Photomicrographs of lamb meatballs from animals fed on different levels of whole
cottonseed.

Detail (A,B) corresponding to lamb meatball with 0% of whole cottonseed (WCS). Note the
disruption of muscle cells and connective tissue, showing the absence of ligation between interstitial
tissues. Also note a clump of fat cells in some areas. Detail (C,D) corresponding to lamb meatball
with 10% of WCS. Note the organisation of muscular tissues with the connective and adipose tissues.
Observe the distribution of adipocytes in different tissue areas. Detail (E, F) corresponding to lamb
meatball with 20% of WCS. Note the well-defined muscle cells, alongside well-organised connective
tissue and well-distributed adipose cells along the tissue. Detail (G,H) corresponding to lamb
meatball with 30% of WCS. Observe the small muscle cells with extracellular space in the
connective tissue. Detail (1,J) corresponding to lamb meatball with 40% of WCS. Note that the
muscle cells and connective tissue are well-defined and grouped together. Observe the well-
distributed adipose tissue along the tissue areas. Muscle tissue (arrows); connective tissue (*);

adipose cells (arrowheads). Hematoxylin and eosin. 4x and 10x, respectively.
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6 CONSIDERACOES FINAIS

Os niveis de caroco de algoddo na dieta dos cordeiros promoveram alteracfes
importantes nos niveis de enzimas indicadoras da fungdo hepatica, sugerindo que a adi¢do
deste ingrediente na dieta pode causar danos as células hepaticas, podendo causar prejuizos a
salude dos animais quando alimentados por longos periodos. O tempo (referéncia x CA)
influenciou positivamente a modulacdo das fibras musculares esqueléticas, em especial, com
aumento do didmetro e area de todas as fibras; e foi mais pronunciado que o efeito dos niveis
de caroco de algoddo. A qualidade da carne foi influenciada pelas caracteristicas dos
diferentes tipos de fibras do Longissimus thoracis, sendo que as fibras intermediarias
presentes em maior quantidade no muasculo estavam positivamente correlacionadas com as
caracteristicas desejaveis de qualidade da carne.

O uso de carne de cordeiro de animais alimentados com niveis de caroco de algodao
para preparar hambdrgueres influenciou positivamente a composicdo quimica, caracteristicas
de cozimento e propriedades estruturais; e negativamente suas caracteristicas sensoriais,
reduzindo sua aceitabilidade com niveis crescentes de carogo de algoddo. A fim de garantir
sua aceitabilidade sensorial, recomenda-se nivel maximo de 16,7% de caroco de algoddo na
dieta dos cordeiros.

As formulacdes de almdndegas apresentaram reduzidos teores de gordura, colesterol e
valor calorico e alto conteddo de proteinas. Foi observada associacdo entre os resultados da
composi¢do quimica, o perfil de textura e propriedades estruturais das almdndegas. O carogo
de algodao utilizado na dieta dos cordeiros influenciou a aceitabilidade das alméndegas,
afetando principalmente o odor, sabor e impressdo global. E possivel produzir alméndega
com carne de cordeiros alimentados com até 12,5% de caroco de algoddo na matéria seca da

dieta, sem alterar as caracteristicas sensoriais do produto.
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PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Desenvolvimento de hamburguer de carne de cordeiros alimentados com distintos
niveis de carogo de algodao

Pesquisador: Renius de Oliveira Mello

Area Tematica:

Versdo: 2

CAAE: 40264114 4.0000.56346

Instituigdao Proponente: Universidade Federal de Santa Marna/ Pro-Reitonia de Pos-Graduacao e
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Namero do Parecer: 936.005
Data da Relatoria: 10/03/2015

Apresentagio do Projeto:
Projeto de doutorado que trata do desenvolvimento de hambuirguer de carne ovina alimentados com
distintos niveis de caroco de algodéo.

Objetivo da Pesquisa:
Geral: desenvolvimento de hambirguer de carne de cordeiros lle de France terminados em confinamento
com dietas contendo diferentes concentracdes de carogo de algoddo.

Especificos:

- Avaliar a composigdo quimica da carne de cordeiro utilizada na elaborag&o dos produtos;

- Desenvolver formulagdo de hambarguer de carne de cordeiros alimentados com dietas contendo diferentes
concentracdes de carogo de algodao;

- Caracterizar hamburgueres desenvolvidos, através da composicdo fisico-quimica, teor de colesterol, perfil
lipidico, sensorial, textura e propriedades tecnoldgicas;

- Avaliar a oxidac&o lipidica (TBARS), oxidacdo de pigmentos (cor), pH e atividade de agua no decarrer da
vida (til dos produtos:

- Verificar se a presenca de carogo de algodao na dieta dos cordeiros afeta a qualidade do produto

Endereco: Av. Roraima, 1000 - prédio da Reitoria - 2° andar

Bairro: Camobi CEP: 97.105-970
UF: RS Municipio: SANTA MARIA
Telefone:  (55)3220-9362 E-mail: cep.ufsm@gmail.com
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Confinuago do Parecer: 936.005

elaborado e, em caso positivo, que nivel de caroco de algodao promove esta alteracao.

Avaliagdo dos Riscos e Beneficios:
Riscos: sdo considerados minimos, pois os produtos bem como os ingredientes utilizados em suas

formulacdes sdo destinados para fins alimenticios e comumente utilizados pela populagdo. Os provadores
serao aconselhados a desistir de participar em caso de alergias ou intolerancia a qualquer ingrediente da
formulacdo. Ainda, terdo liberdade em participar ou ndo da pesquisa, assim como deixar de participar em

gualquer momento, sem acarretar qualquer penalidade ou prejuizo.

Beneficios: oportunidade de degustar hamburguer de came de cordeiro com diferentes atributos sensariais
e colaborar na escolha daquela que mais Ihe agrada. Adicionalmente, sua participacdo ira beneficiar a
comunidade cientifica, as indlstrias de alimentos e a sociedade em geral, ao contribuir na construgdo do

conhecimento dos parametros sensoriais e de aceitacdo dos produtos testados.

Comentarios e Consideragbes sobre a Pesquisa:

Consideragdes sobre os Termos de apresentagdo obrigatoria:

Foram apresentados de modo suficiente.

Recomendagdes:
Veja no site do CEP - http://iw3.ufsm.br/inucleodecomites/index.php/cep - na aba "orientagdes gerais”,
modelos e orientac8es para apresentacdo dos documentos. Acompanhe as orientagdes disponiveis, evite

pendéncias e agilize a tramitag&o do seu projeto.

Conclusdes ou Pendéncias e Lista de Inadequagoes:
As pendéncias apontadas no parecer anterior foram resolvidas de modo suficiente.

Situagao do Parecer:

Aprovado

Enderego: Av. Roraima, 1000 - prédio da Reitoria - 2° andar

Bairro: Camobi CEP: 97.105-970
UF: RS Municipio: SANTA MARIA
Telefone: (55)3220-9362 E-mail: cep.ufsm@gmail.com
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Necessita Apreciagdo da CONEP:
Nao

Consideragoes Finais a critério do CEP:

SANTA MARIA, 21 de Janeiro de 2015

Assinado por:
CLAUDEMIR DE QUADROS
{Coordenador)

Endereco:

Av. Roraima, 1000 - prédio da Reitoria - 2° andar
Bairro: Camobi CEP: 97105970
UF: RS Municipio: SANTA MARIA
Telefone: (55)3220-9362
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PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: DESENVOLVIMENTO DE ALMC)NDI_EGA DE CARNE DE CORDEIROS
ALIMENTADOS COM DISTINTOS NIVEIS DE CAROCO DE ALGODAC

Pesquisador: Renius de Oliveira Mello

Area Tematica:

Versao: 1

CAAE: 40246214.3.0000.5346

Instituigao Proponente: Universidade Federal de Santa Maria/ Pro-Reitoria de Pas-Graduacéo e

Patrocinador Principal: Financiamento Proprio
DADOS DO PARECER

Numero do Parecer: 934 222
Data da Relatoria: 12/01/2015

Apresentagido do Projeto:
Projeto de doutorado e trata do desenvolvimento de almondega de carne ovina, como alternativa para

ampliar o consumo de carne ovina.

Objetivo da Pesquisa:
Geral: Desenvolvimento de almdndega de camne de cordeiros lle de France alimentados com distintos niveis

de carogo de algodao.

Especificos: Avaliar a composicdo quimica da carne de cordeiro utilizada na elaboragdo dos produtos;

Desenvolver formulac&o de alméndega de carne de cordeiros alimentados com dietas contendo diferentes
concentragGes de caroco de algodao; Caracterizar as alméndegas desenvolvidas, através da composicdo
fisico-quimica, teor de colesterol, perfil lipidico, sensaorial, textura e propriedades tecnologicas; Avaliar a
oxidacdo lipidica (TBARS), oxidac&o de pigmentos (cor), pH e atividade de agua no decorrer da vida Gtil dos
produtos; Verificar se a presenca de caroco de algod&o na dieta dos cordeiros afeta a qualidade do produto

elaborado e, em caso positivo, gue nivel de carogo de algoddo promove esta alterac&o.

Enderego:  Av. Roraima, 1000 - prédio da Reitoria - 2° andar
Bairro: Camobi CEP: 97.105-970
UF: RS Municipio: SANTA MARIA

Telefone:  (55)3220-9362 E-mail: cep.ufsm@amail.com
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Confinuagio do Parecer: 934 222

Avaliagdo dos Riscos e Beneficios:

Riscos: sdo considerados minimos, pois os produtos bem como os ingredientes utilizados em suas
formulagées sdo destinados para fins alimenticios e comumente utilizados pela populacdo. Os provadores
serdo aconselhados a desistir de participar em caso de alergias ou intolerdncia a qualguer ingrediente da
formulagao. Ainda, terao liberdade em participar ou ndao da pesquisa, assim como deixar de participar em
qualquer momento, sem acarretar qualquer penalidade ou prejuizo.

Beneficios: oportunidade de degustar almondega de came de cordeiro com diferentes atributos sensonais e
colaborar na escolha daquela que mais lhe agrada. Adicionalmente, sua participacdo ira beneficiar a
comunidade cientifica, as inddstrias de alimentos e a sociedade em geral, ao contribuir na construcéo do
conhecimento dos parametros sensoriais e de aceitagdo dos produtos testados.

Comentarios e Consideragoes sobre a Pesquisa:

Consideragoes sobre os Termos de apresentagdo obrigatéria:
Todos os termos obrigatérios foram apresentados adequadamente.

Recomendagodes:

Veja no site do CEP - http//w3.ufsm.br/nucleodecomites/index.php/cep - na aba "orientagdes gerais”,
modelos e orientaces para apresentacdo dos documentos. Acompanhe as orientagdes disponiveis, evite
pendéncias e agilize a tramitagcdo do seu projeto.

Conclusdes ou Pendéncias e Lista de Inadequagdes:
Padronizar os riscos e beneficios do projeto e plataforma com o do TCLE.

Calacar no TCLE, como rodapé, o endereco do comité de ética (esta somente na primeira pagina). Veja no

site do CEP - http:/iw3.ufsm br/inucleodecomites/index.php/cep - na aba "orientacdes gerais”, modelos e

orientagdes para apresentacdo dos documentos.

Enderego: Av. Roraima, 1000 - prédio da Reitoria - 2° andar

Bairro: Camobi CEP: 97105970
UF: RS Municipio: SANTA MARIA
Telefone: (55)3220-9362 E-mail: cep.ufsm@gmail.com
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Continuagdo do Parecer: 934 222

Situagdo do Parecer:

Aprovado

Mecessita Apreciagao da CONEP:
Nao

Consideragoes Finais a critério do CEP:

SANTA MARIA, 17 de Janeiro de 2015

Assinado por:

CLAUDEMIR DE QUADROS
(Coordenador)

Endereco: Av. Roraima, 1000 - prédio da Reitoria - 2° andar

Bairro: Camobi CEP: 97.105-970
UF: RS Municipio: SANTA MARIA
Telefone: (55)3220-9362 E-mail: cep.ufsm@gmail.com
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