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RESUMO

Avaliou-se o desempenho dos animais, as caracteristicas fisicas, quimicas e perfil de dcidos
graxos da carne de cordeiros alimentados com dietas contendo o liquido da casca da castanha
do caju (LCC). Foram utilizados 40 cordeiros mesticos Dorper x Santa Inés, distribuidos em
delineamento de blocos casualizados, com quatro tratamentos com dez repeti¢des, sendo que
as dietas variaram nos teores de substituicdo do milho pelo LCC nos niveis de 0; 0,75; 1,50 e
2,25%. Amostras do musculo longissimus lumborum foram retiradas para andlises fisico-
quimicas e perfil de acidos graxos. Somente o pH foi realizado no musuculo
Semimembranosus. Os dados foram submetidos a andlise de variancia e posterior regressao a
5% de significancia. A utilizacdo do LCC técnico até o nivel de 1,5% na MS melhorou o
desempenho dos animais e ndo influenciou nas caracteristicas fisicas e quimicas da carne. A
inclusdo de LCC na dieta dos cordeiros provocou efeito quadratico no consumo de matéria
seca (P = 0,034), ganho de peso médio diario (P = 0,016), peso corporal ao abate (P = 0,002),
e a concentracdo de gordura da carne (P = 0,0021) dos animais e reducao linear na proteina (P
<0,0001) da carne a medida que aumentou a inclusdo de LCC. Os parametros de coloragcdo
vermelho (a*; P = 0,0008) e o indice de saturacdo ou croma (C*; P = 0,0006) aumentaram
linearmente com inclusdo do LCC na dieta dos animais. O teor de matéria seca, umidade,
minerais, o pH 24 horas, a for¢a de cisalhamento (WBSF), perda de peso por coccao (PPC),
capacidade de retenc¢do de dgua (CRA), indices de coloragdo luminosidade e amarelo ndo
foram afetados pela inclusdo do LCC na dieta dos cordeiros. Houve uma redugdo linear nas
concentragdes do dcido graxo oleico (C18:1¢—9) e Y AGMlcis e na relacdo ZAGMI:ZAGS, no
acido ruménico (C18:2¢—9-t—11) e no indice nutracéutico h:H da carne devido a inclusido de
LCC na dieta dos cordeiros. Em contrapartida a adicio de LCC na dieta dos cordeiros
aumentou linearmente as concentracdes do dcido vacénico (C18:1¢c—11) de forma quadrética
somatorio de Y AGMlItrans. Os demais AGS, AGMI- e AGPI, as somas e relacdes entre os
AG, os indices Indices de Aterogenicidade (IA) e Indice de Trombogenicidade (IT) ndo foram
afetados (P > 0,05) pela inclusdo de LCC na dieta. A inclusdo do LCC nio influenciou os
parametros fisico-quimicos da carne e pouco alterou o perfil de 4cidos graxos. Assim,
recomenda-se a inclusdo do LCC até o nivel de 1,5% na alimentacido de cordeiros como uma
fonte de energia dietética para melhorar o desempenho dos animais e as caracteristicas fisicas

e quimicas da carne.

PALAVRAS-CHAVE: Acidos graxos desejaveis; Consumo; Oleaginosas; Oleos Funcionais.



12

ABSTRACT
The performance of the animals, the physical, chemical characteristics and fatty acid profile
of the meat of lambs fed diets containing the liquid from the cashew nut shell (LCC) were
evaluated. Forty Dorper x Santa Inés crossbred lambs were used, distributed in a randomized
block design, with four treatments with ten repetitions, with diets varying in the contents of
corn substitution by LCC at levels of 0; 0.75; 1.50 and 2.25%. Samples of the longissimus
lumborum muscle were taken for physical-chemical analysis and fatty acid profile. Only the
pH was performed on the Semimembranosus muscle. The data were subjected to analysis of
variance and subsequent regression at 5% significance. The use of the technical LCC up to the
level of 1.5% in the DM improved the performance of the animals and did not influence the
physical and chemical characteristics of the meat. The inclusion of LCC in the lambs diet
caused a quadratic effect on dry matter consumption (P = 0.034), average daily weight gain (P
= (0.016), slaughter body weight (P = 0.002), and the meat fat concentration (P = 0.0021) of
the animals and linear reduction in protein (P <0.0001) of the meat as the inclusion of LCC
increased. The red coloring parameters (a *; P = 0.0008) and the saturation or chroma index
(C *; P =0.0006) increased linearly with the inclusion of LCC in the animals' diet. Dry matter
content, moisture, minerals, pH 24 hours, shear force (WBSF), cooking weight loss (PPC),
water holding capacity (CRA), luminosity and yellow color indexes were not affected the
inclusion of LCC in the sheep's diet. There was a linear reduction in the concentrations of
oleic fatty acid (C18: 1c —9) and ) AGMIcis and in the ZAGMI: ZAGS ratio, in rumenic acid
(C18:2c —9-t—11) and in the nutraceutical index h: H of meat due to the inclusion of LCC in
the sheep diet. On the other hand, the addition of LCC in the lambs' diet increased linearly the
concentrations of vaccenic acid (C18: 1c — 11) in a quadratic sum of ) AGMlItrans. The other
AGS, AGMI- and AGPI, the sums and relationships between the AG, the Atherogenicity
Indices (AI) and Thrombogenicity Indices (IT) were not affected (P> 0.05) by the inclusion of
LCC in the diet. The inclusion of LCC did not influence the physical-chemical parameters of
the meat and did little to alter the fatty acid profile. Thus, it is recommended to include the
LCC up to the level of 1.5% in the lamb feed as a source of dietary energy to improve the

performance of the animals and the physical and chemical characteristics of the meat.

KEYWORDS: Desirable fatty acids; Consumption; Oilseeds; Functional Oils.



13

LISTA DE TABELAS

Capitulo II: Pag.

TABELA 1 - Propor¢des de ingredientes e composi¢do quimica das dietas
EXPETIIMEIILALS ...eeeuutieeitieeitieesitee ettt e e ritee ettt e ettt e ettt e eabteeeabeeesabbeeeabbeesabbeesabaeeeabbeesabteesasaeesaneeas 74
TABELA 2 - Composi¢do dos dcidos graxos (g/100 g FAME) do Liquido da casca da
castanha do caju (LCC) e das dietas eXperimentais .........c.ceeeveeerieeerveeerveeeieeessnreesineeensnnens 74
TABELA 3 - Desempenho e caracteristicas fisico-quimicas do miusculo longissimos

lumborum de cordeiros alimentados com liquido da casca da castanha do caju

TABELA 4 - Perfil de acidos graxos AG (g/100 g FAME) do longissimos lumborum de

cordeiros alimentados com dietas contendo liquido da casca da castanha do caju

TABELA 5 - Perfil de acidos graxos (mg/100 g carne) do longissimos lumborum de

cordeiros alimentados com dietas contendo liquido da casca da castanha do



Q%
AOAC
AGD
AGM
AGM:AGS
AGP
AGP:AGS
b*

CAPES
CEUA
CNPq
CNF

CMS
CRA
CSTR

EE

EPM
FAME
FC

FDA

FDN

FIS
GPMD
HDL

IA
IT
JCR
kgf

LCC

LISTA DE ABREVIACOES E SIMBOLOS

Teor de Vermelho da carne

Association of Official Analytical Chemists AOL

Acidos graxos desejdveis

Acidos graxos monoinsaturados

Relagdo 4cidos graxos monoinsaturados e dcidos graxos saturados
Acidos graxos poli-insaturados

Relacdo 4cidos graxos poli-insaturados e dcidos graxos saturados
Teor de Amarelo da carne

Coordenagao de Aperfeicoamento de Pessoal de Nivel Superior
Comité de Etica em Pesquisa no Uso de Animais
Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico
carboidratos ndo fibrosos

consumo de matéria seca
Capacidade de Retengdo de Agua
Centro de Sadde e Tecnologia Rural

Extrato Etereo

Erro padrdao da média

ésteres metilicos de dcidos graxos

For¢a de Cisalhamento

Fibra em detergente 4cido

Fibra em detergente neutro

Servigo Federal de Inspecao

Ganho médio diério

lipoproteina de alta densidade

Acidos graxos hipocolesterolémicos e hipercolesterolémicos
Indices de aterogenicidade

Indice de trombogenicidade

Journal Citation Reports

Quilograma Forca

Teor de Luminosidade da carne

Liquido da Casca da Castanha do Caju

14



LDL
NRC
NUPEARIDO
PCA

PPC

pH

UFCG

w-6

w-3

lipoproteina de baixa densidade

National Research Council

Niicleo de Pesquisa para o Desenvolvimento do Trépico Semi-Arido
Peso corporal ao abate

Perda de peso por Coccao

Potencial Hidrogenidnico

Universidade Federal de Campina Grande

Omega 6

Omega 3

15



16

INTRODUCAO GERAL

A busca por mais saide tem propiciado mudangas nos hdbitos alimentares dos
consumidores, com crescente interesse e procura por alimentos que além de boas
caracteristicas sensoriais, como sabor e cheiro, apresentem efeitos benéficos para a satide
(Ozturkoglu-Budak et al., 2016; Campos et al., 2017). Entre os alimentos que tem ganhado
destaque nas exigéncias dos consumidores, estd a carne vermelha, em especial, a carne ovina
conhecida por ser um alimento com proteinas de alto valor biolégico por conta dos
aminodcidos essenciais que a compdem, além de conter vitaminas, sais minerais e apresentar
compostos benéficos para a saide humana, como por exemplo, o dcido linoléico conjugado
(CLA) (Sun, et al., 2015; Smeti et al., 2018).

Entretanto, a carne vermelha, em especial dos animais ruminantes passa por um entrave,
por se tratar de um alimento rico em gordura saturada, apresentando grandes quantidades de
acidos graxos saturados, como o acido palmitico, miristico, além de uma alta relagio ®6/w3
(Abuelfatah et al., 2016; Chikwanha et al., 2017; Castillo et al., 2019).

Essa quantidade de acidos graxos saturados presente na carne se deve principalmente a
biohidrogenacdo ruminal, um mecanismo de defesa dos microorganismos da toxicidade de
acidos graxos insaturados. Neste processo, os lipidios da dieta passam por uma sequéncia de
reacOes realizadas pela microbiota do rimen, inserindo moléculas de hidrogénio em acidos
graxos insaturados, fazendo a quebra da ligacdo dupla, transformando em dacido graxo
saturado, absorvido no intestino e incorporando a carne dos ruminantes (Barletta et al., 2016;
Morales; Ungerfeld, 2015).

Em adicdo, as altas concentragdes de acidos graxos saturados estdo associadas ao
surgimento de doencas cardiacas, obesidade e até o céancer, enquanto acidos graxos
poliinsaturados sdo conhecidos por seus efeitos benéficos a saide como redugdo do risco de
doencas cardiovasculares, infamagdes e outras doencas (EFSA, 2010, Palo et al., 2015; Smeti
et al., 2018). Além disso, o perfil de 4cidos graxos da carne tem um grande impacto nas
caracteristicas sensoriais, influenciando a aceitacdo pelo consumidor, por esse motivo,
técnicas de manejo alimentar vém sendo estudadas e melhoradas, para a producdo de
alimentos com melhor qualidade lipidica (Chikwanha et al., 2017; Castillo et al., 2019; Gama
et al., 2020).

Uma maneira eficaz de melhorar a qualidade da carne e aumentar a concentracdo de

dcidos graxos benéficos € alteracdo dos ingredientes da dieta animal (Pereira et al., 2016;
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Campos et al., 2017). Por meio da alimentacdo é possivel modificar o contetido dos diferentes
acidos graxos na musculatura e alterar as relacdes entre eles, tornando a carne mais saudavel
(Morales; Ungerfeld, 2015, Castillo et al., 2019, Bezerra et al., 2016).

Entre essas estratégias, tem-se a utilizacdo de dleos vegetais na dieta de ruminantes, os
quais podem manipular o processo de biohidrogenag¢do ruminal, inibindo a atividade dos
microorganismos do rimen, evitando a biohidrogenacdo de forma a permitir a passagem e
absorcdo de 4cidos graxos desejaveis para compor o produto final, agregando dessa forma,
lipidios importantes na carne (Lima et al., 2018; Costa et al., 2018). Isso ocorre, pois uma alta
ingestdo de 4cidos graxos insaturados, faz com que a capacidade dos microrganismos do
rimen em biohidrogenar seja excedida, ocorrendo maior absorcao intestinal de dcidos graxos
insaturados (Vasta et al., 2009; Abuelfatah et al., 2016; Balgado et al., 2019; Parente et al.,
2020).

Como exemplo desses 6leos tem-se o liquido da casca da castanha de caju, comumente
conhecido por LCC. Considerado coproduto do agronegécio do caju, é um 6leo extraido do
mesocarpo esponjoso da castanha do caju (Anacardium occidentale L), uma fonte renovavel,
biodegraddvel (Andrade et al., 2011; Voirin et al., 2014).

O LCC pode ser classificado em dois tipos (LCC natural e LCC técnico), sendo o LCC
natural resultado da extracdo a frio com prensa, e o LCC técnico da extragdo térmico-
mecanica ou por solvente, que € apresentando-se como um liquido escuro (quase preto) e
viscoso (Rodrigues et al., 2006; Lopes et al., 2008; Mazzetto et al., 2009).

No LCC técnico, devido ao efeito do calor da extracdo (que tem a finalidade de retirar
CO2> e umidade), o 4cido anacérdico sofre uma reacdo de descarboxilagido, convertendo o
acido anacdrdico em cardanol, assim, os principais componentes do LCC técnico sdo cardanol
(67,8-94,6%), cardol (3,8-18,8%) e o acido anacardico (1,09-1,75%) (Mazzetto et al., 2009;
Voirin et al., 2014). O LCC apresenta também alto teor de lipidios totais e a maior parte
destes (82,1%) é constituido de acidos graxos insaturados, sendo 98,6% dos 4cidos graxos
insaturados presentes, o dcido oléico e linoleico; dcidos graxos essenciais, que sdo de alto
valor nutricional (Diaz et al., 2015). Além disso, o LCC técnico ndo possui cheiro agressivo e
sua principal caracteristica € a ndo toxicidade (Osmari et al., 2015).

Ao 4cido anacardico, cardol e cardanol sdo atribuidos a capacidade de intervencdo em
processos  bioquimicos, apresentando fungdes anti-inflamatérias, antioxidantes, e
antimicrobianas inibindo o desenvolvimento de alguns tipos de bactérias, mudando o perfil de

acidos graxos ruminais e diminuindo a producdo de gas metano e perdas metabdlicas. Devido
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a essas caracteristicas, o LCC € considerado uma alternativa na alimenta¢do dos ruminantes
(Oh et al., 2017; Kang et al., 2018; Michailoff et al., 2020).

Contudo, apesar dos beneficios do uso de Oleos na dieta dos ruminantes, as
recomendacdes de ingestdo didria se mostram altas nas pesquisas, havendo a necessidade de
determinar niveis ideais, fornecendo a seguranca em seu uso com intuito de melhorar o valor
nutricional dos produtos de ruminantes para a saude humana. Nesse contexto, é de suma
importancia avaliar a inclusdo de diferentes niveis do LCC na dieta de cordeiros e seus efeitos
sobre o consumo dos animais, a composicdo fisico-quimica e o perfil de 4cidos graxos da
carne de cordeiros.

Esta dissertacdo consiste em dois capitulos: O Capitulo I caracteriza-se por uma revisao
da literatura acerca dos fatores que influenciam na qualidade da carne de cordeiros e como a
inclusdo de 6leos funcionais como o LCC podem modular esses fatores, que serd submetido
ao periddico Ciéncia e Agrotecnologia (Online) (JCR 1,144, Qualis A3). O Capitulo II aborda
a influéncia da inclusdo do Liquido da casca da castanha do caju - LCC na dieta dos cordeiros
sobre o desempenho dos animais, composi¢ao fisico-quimica e perfil de acidos graxos da
carne de cordeiros mesticos (Dorper x Santa In€s), o qual serd submetido ao periédico Animal

Feed Science and Technology (JCR 2,582, Qualis Al).
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Fatores que influenciam na qualidade da carne de cordeiros e a inclusao de déleos
funcionais como estratégia nutricional na modulacio desses fatores: revisao de
literatura
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Fatores que influenciam na qualidade da carne de cordeiros e a inclusao de dleos
funcionais como estratégia nutricional na modulacao desses fatores: revisao de
literatura
Factors that influence the quality of lamb meat and the inclusion of functional oils as a

nutritional strategy in the modulation of these factors: literature review
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Resumo: Os principais fatores que influenciam na qualidade da carne sao o pH, cor,
capacidade de retencdo de dgua, perda por cocg¢do, textura, sabor e perfil de acidos graxos.
Sendo essas caracteristicas influenciadas por diversos fatores, como raga, sexo, genética,
estado fisiolégico do animal, condi¢des pré e pds abate e a nutricdo do animal, sendo
alimentacdo que os animais recebem um fator de grande impacto, pois os nutrientes contidos
nas dietas dos animais podem influenciar a composicao quimica e fisica da carne, afetando
assim sua qualidade. A utilizacdo de Oleos funcionais provenientes de sementes de
oleaginosas na dieta de ruminantes € uma estratégia vidvel para modificar as caracteristicas da
carne, pois além de fornecer energia, pode modificar o perfil nutricional, instrumental e
sensorial da carne. Como exemplo de 6leo funcional tem-se o liquido da casca da castanha de
caju, comumente conhecido por LCC, o qual apresenta como principais compostos o
cardanol, cardol e o 4cido anacdrdico e a esses compostos sdo atribuidos a capacidade de
manipular o ambiente ruminal, melhorando o desempenho, a eficiéncia alimentar e a absorcao
de nutrientes, como os 4cidos graxos insaturados, aumentando os compostos benéficos a
saude humana e conduzindo a modificacdes desejaveis na carne, como em todos os fatores
que exercem influéncia sobre sua qualidade.
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Palavras-Chave: Consumidor; Oleaginosas; Oleos Funcionais; Perfil de Acidos graxos; Cor;
Textura.

Abstract: The main factors that influence meat quality are pH, color, water holding capacity,
cooking loss, texture, flavor and fatty acid profile. Since these characteristics are influenced
by several factors, such as breed, sex, genetics, physiological state of the animal, pre- and
post-slaughter conditions and the nutrition of the animal, being that the animals receive a
factor of great impact, since the nutrients contained in the diets of the animals animals can
influence the chemical and physical composition of meat, thus affecting its quality. The use of
functional oils from oilseeds in the diet of ruminants is a viable strategy to modify the
characteristics of the meat, as in addition to providing energy, it can modify the nutritional,
instrumental and sensory profile of the meat. As an example of functional oil there is the
liquid from the cashew nut shell, commonly known as (CNSL), which has cardanol, cardol
and anacardic acid as its main compounds and these compounds are attributed the ability to
manipulate the rumen environment, improving performance, feed efficiency and nutrient
absorption, such as unsaturated fatty acids, increasing compounds beneficial to human health
and leading to desirable changes in meat, as in all factors that influence its quality.

Key-Words: Consumer; Oilseeds; Functional Oils; Fatty Acids Profile; Color; Texture.

1 Introducao

Tem sido crescente a procura por parte dos consumidores por produtos alimenticios com
qualidade, associados principalmente aos atributos sensoriais, bem como com compostos
benéficos para a saude (Decker; Park, 2010; Gouvéa et al., 2016). Estes preferem e tem
buscado carnes com uma combinacgdo de atributos, como sabor, suculéncia, textura, maciez e
aparéncia, pouca gordura, muito musculo e pregos acessiveis (Silva Sobrinho, 2005; Pophiwa;
Webb; Frylinck, 2019). Contudo, qualidade de um alimento por parte dos consumidores
também pode ser considerada em outros aspectos, como, qualidade sanitdria, qualidade de
servico, qualidade comercial e apresentacdo (Rutkowska et al., 2015; Jaworska et al., 2016;
Campos et al., 2017).

Os produtos alimentares derivados de animais ruminantes sdao alimentos com
composi¢ao nutricional importante na dieta humana, pois sdo fontes principais de proteinas,
aminodcidos e lipidios essenciais (Beriain et al., 2018). E sua qualidade pode ser avaliada por

meio das propriedades fisico-quimicas, como valor de pH, composicdo quimica, capacidade
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de retencdo de 4gua, cor, textura, perda de peso por cocc¢do e o perfil de dcidos graxos
(Jaworska et al., 2016; Quinones et al., 2019).

As caracteristicas fisico-quimicas da carne sdo parametros importantes, pois podem
mostrar o grau de qualidade e estdo relacionados diretamente ndo s6 com o0s aspectos
sensoriais, mas como os aspectos nutricionais da carne (Madruga, 2005). Essas propriedades
podem, no entanto, ser afetadas por vérios fatores como, raga, idade de abate, condi¢des pré e
pOs abate, sexo, fatores ambientais e principalmente pela alimentacdo ofertada aos animais
(Quifiones et al., 2019; Pophiwa; Webb; Frylinck, 2019).

A alimentacdo que os animais recebem tem grande impacto, pois os nutrientes contidos
nas dietas dos animais podem influenciar a composi¢do quimica e fisica da carne, afetando
assim sua qualidade (Costa et al., 2018; Lima et al., 2018). O perfil de 4cidos graxos, por
exemplo, pode ser influenciado pela alimentagdo que o animal recebe, na qual pode ser
alterada com a inclusao de fontes lipidicas (Costa et al., 2018; Salami et al., 2019). Com isso
as estratégias de alimentacdo t€m sido utilizadas para modificacdo no perfil nutricional,
instrumental e sensorial da carne, pois por meio da manipulacdo da dieta dos animais, pode-se
melhorar a qualidade da carne em termos nutricionais e sensoriais (Pereira et al., 2016;
Biatek, Czauderna, Biatek, 2018).

Assim, o sucesso de um produto depende da sua aceitacdo pelo consumidor em fungao
das caracteristicas desejadas e valorizadas pelo mesmo. Com isso, para atender as exigéncias
do mercado consumidor da carne, € necessdrio conhecer os fatores que interferem nas suas
caracteristicas fisicas e quimicas, e de que maneira agem esses fatores e a forma de controla-
los. Dessa forma, objetivou-se realizar um estudo de revisdao bibliogréfica, para abordar os

principais fatores que afetam e/ou interferem na qualidade da carne dos cordeiros.

2 Fatores fisico-quimicos relacionados a qualidade da carne dos cordeiros

O pH € o um dos primeiros pardmetros a ser observado para analisar a qualidade da
carne, uma vez que ele é capaz de modificar todas as outras caracteristicas qualitativas como
cor, capacidade de retencdo de dgua, maciez, e as caracteristicas organolépticas, pois o pH
final elevado pode favorecer a produgdo de compostos sulfurados, responsdveis pelos sabores
e odores indesejdveis na carne ovina, além de provocar uma menor vida de prateleira da

carne, visto que favorecerd o aparecimento e crescimento de microorganismos (Bezerra et al.
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2016; Guerra-Rivas et al., 2016). A medida do pH pode ser feita em qualquer muisculo da
carcaga, mas € feita principalmente no musculo longissimus dorsi, por meio de um phmetro
(Maciel et. al. 2011).

Durante o processo de transformag¢ao do musculo em carne, o glicogénio do musculo é
metabolizado por processo anaerdbico, formando 4cido latico que acidifica a carne.
Determinados fatores como espécie animal, reserva de glicogénio, temperatura, estresse antes
do abate, dieta hidrica e alimentacdo podem interferir nesse processo. Quando as quantidades
de glicogénio apds o abate sdo satisfatérias, a produgdo de 4cido latico e a redug¢do do pH
ocorrem normalmente sem influéncia sobre a qualidade da carne (Ramos; Gomide, 2007;
Maciel et al., 2011; Costa et al., 2018).

Caso o pH caia rapidamente logo apos o abate, a carne pode ser pdlida, flacida e com
baixa capacidade de retencdo de &4gua, sendo entdo chamada de PSE (pdlida, mole e
exsudativa), reservas elevadas de glicogénio e uma sensibilidade por parte do animal ou da
propria fibra muscular sdo, dentre outras causas, a predisposi¢do para este tipo de anomalia.
Se o pH final permanece alto, acima de 6,20 a carne apresenta a anomalia denominada DFD
(escura, firme e seca), que € uma carne escura, firme e seca. Neste caso devido a fatores ante
mortem, uma situacao de estresse antes do abate, a reserva inicial de glicogénio baixa, nao
havendo tempo suficiente para a sua reposicdo no musculo sido as causas (Gouvéa et al.,
2016). A faixa considerada normal para carne ovina € em torno de 5,5 a 5,8 para pH apds 24h
(AMSA, 2015; Della Malva et al., 2016).

Outro parametro que desempenha importante papel sobre a qualidade da carne € a cor,
destacando-se como principal fator de decisio no momento da compra, critério através do
qual o consumidor julga a qualidade da carne, relacionada com fatores referentes a qualidade
e ao grau de frescor da carne, sendo a cor vermelha brilhante associada a frescura, enquanto a
marrom com carne estragada (Troy; Kerry, 2010; Alcantara et al., 2012; Silva et al., 2016;
Abdalla Filho et al., 2017).

O consumidor tem a preferéncia por carnes de coloragdo vermelho brilhante,
desprezando a carne escura, pois associam esta cor com carne de animais velhos e de maior
dureza, e associam a cor clara a carne de animais jovens (Abdalla Filho et al., 2017). Esta
relacdo muitas vezes ndo € verdadeira, uma vez que em casos de abaixamentos inadequados
do pH post mortem, podem ser produzidas coloracdes anormais, independente da idade ou

maciez (Zeola, 2002).
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A cor da carne € influenciada pela quantidade de dgua na superficie da carne e € uma
consequéncia do pH e da capacidade de reten¢do de dgua. A nutricio adequada, manuseio de
condig¢des pré ou pds-abate também afetam a cor da carne (Pearce et al., 2011; Pereira et al.,
2016).

Para avaliacdo desse parametro, usa-se a medicdo objetiva, no qual o método mais
utilizado € o sistema CIELAB, que utiliza aparelho denominado de colorimetro. A cor da
carne € mensurada por meio das coordenadas: L*, a* e b*, responsdveis pela luminosidade
(clara ou escura), intensidade de vermelho e intensidade de amarelo, respectivamente e quanto
maiores os valores de L* mais clara é a carne, e quanto maiores os valores de a* mais
vermelha a mesma (Madruga, 2005; Ramos; Gomide, 2007). Os valores médios para as
coordenadas cromadticas da carne ovina sao L* (luminosidade) de 30,03 a 4947; a*
(intensidade de vermelho) de 8,24 a 23,53; e b* (intensidade de amarelo) de 3,34 a 11,10 e
para Chroma sao de 17,86 (Bonacina et al., 2011).

A capacidade de retencdo de dgua (CRA) € outro parametro instrumental que influencia
na qualidade da carne. A capacidade de retencdo de dgua € a capacidade que a carne tem para
reter 4gua durante a aplicacdo de forcas externas, tais como corte, aquecimento, moagem ou
pressdo, e para sua determinagdo pesa-se aproximadamente 300 mg de amostra do musculo a
ser avaliado, onde estas amostras sdo colocadas entre dois pedacgos de papel filtro previamente
pesados e prensadas por cinco minutos, com um peso de 3,4 kg. Apds a prensagem, as
amostras sdo removidas e, depois, pesados os papéis (Santos-Silva et al., 2002; AMSA,
2015).

Algumas propriedades fisicas da carne, como a cor, suculéncia e maciez, dependem, em
grande parte, da CRA (Pearce et al., 2011; Lima et al., 2018). Estando relacionado também ao
valor nutricional da carne, pois uma carne que ndo tem capacidade de reter 4gua terd grande
perda de liquido quando exercida uma for¢a conhecida sobre ela, ou no processo de
cozimento; com isso, grande parte do seu valor nutricional € perdido, principalmente as
vitaminas hidrossoltiveis (Silva Sobrinho et al., 2005).

Assim, a perda excessiva de dgua na carne ndo é desejavel para o consumidor porque
provoca perda nas caracteristicas sensoriais, como a maciez, textura, suculéncia e coloracao,
tornando-a pouco atrativa. Isso também € vélido para a industria, tendo em vista que as perdas
em relacdo a peso, palatabilidade e valor nutritivo constituem problemas no que diz respeito

ao rendimento e a qualidade dos produtos processados (Farouk et al .2014).
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A perda por coc¢do também é uma medida essencial da qualidade da carne, pois estd
associada ao rendimento no preparo para o consumo e influencia a suculéncia da carne, sendo
essa diferenca calculada mais usualmente pela diferenga entre o peso inicial da carne crua e o
peso final da carne passada pelo processo de coc¢ao (Lawrie, 2005).

Muitos sdo os fatores que podem influenciar na perda de peso por coc¢dao no momento
do preparo, entre eles a raca, o tipo de alimentacdo, o estado fisiolégico do animal, a
deposicido de gordura de cobertura ou entre as fibras musculares, o0 modo de preparo e a
temperatura atingida no processo de cocg¢do (Silva et al., 2008, Bezerra et al., 2016).

As formas de transferéncia de calor, a temperatura, a duragdo do processo e 0 meio de
coccdo podem modificar a composi¢do quimica e o valor nutricional da carne, assim como 0s
teores de proteina, gordura, cinzas e matéria seca, devido a perda de nutrientes e d4gua durante
o processo (Pinheiro et al., 2008; Monte et al. ,2012).

A forga de cisalhamento (FC) também € outro parimetro instrumental uasado na
avaliacdo da qualidade da carne. A FC é usada para avaliacdo da maciez da carne, e pode ser
influenciada pela capacidade de retencdo de 4gua, pH, grau de acabamento da carcaca e
caracteristicas do tecido conjuntivo e das fibras musculares (Ramos; Gomide, 2009; Maciel et
al., 2011).

A maciez da carne pode ser medida por meio subjetivo, utilizando painel sensorial, ou
por meio objetivo, avaliadas instrumentalmente, através de texturdmetro, que tem a
capacidade de mensurar a forca necessdria para que uma lamina corte ao meio um fragmento
muscular. Essa medicao se faz pelo método de Warner-Bratzler, sendo expressa em N ou Kgf
(Alves et al., 2005; Lima Junior et al., 2011; AMSA, 2015).

Por esse método classifica-se a textura da carne em macia (até 2,27 kgf/cm2), maciez
mediana (entre 2,28 e 3,63 kgf/cm2) e dura (acima de 3,63 kgf/cmz), sendo assim, quanto

maior for a for¢a mais dura serd a carne (Cezar; Sousa, 2007).

2.1 Perfil de dcidos graxos

Os 4cidos graxos sdo acidos carboxilicos com cadeias hidrocarbonadas, classificados
segundo o comprimento da cadeia de carbonos (cadeia curta, média e longa), presenca e

nimero de duplas ligagdes (saturados e insaturados) e a configuracao das duplas ligagdes (cis e
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trans) e desempenha vario papéis, tanto na saide humana como na qualidade dos alimentos
(SANTOS et al., 2013).

O perfil de acidos graxos presente na carne dos ruminantes pode ser influenciado pelos
seguintes fatores: raga, sexo, genética, manejo alimentar, dieta, depdsito de gordura, corte
comercial e método de coc¢do (Campo, et al 2013; Campo et al., 2016; Chikwanha et al.,
2017).

Os acidos graxos tem importante papel na nutricdo humana, dependendo do tipo de
acido graxo e da quantidade consumidada na alimentacdo pode prevenir ou ocasionar
doencas. Os 4cidos graxos da familia 6mega 6 e dmega 3 por exemplo, sdo fundamentais em
questdes diversas, como na prevencdo de doencas cardiovasculares, metabdlicas e
inflamatdrias, e importantes no metabolismo lipidico (Bazinet, Chu, 2014; Calder, 2015;
Dyall, 2015; Castillo et al., 2019). Além desses, os dcidos linoleicos conjugados (CLAs),
como o 4cido vacénico e 4cido ruménico, também trazem seus beneficios, os quais, 0s
principais beneficios relatados a respeito sdo seus efeitos anticancerigenos, antidiabéticos,
antiadipogénicos e seus efeitos positivos no sistema imunoldgico (Dilzer, Park, 2012;
Hennessy, Ross, Devery, Stanton, 2011). J4 os dcidos graxos saturados tém efeitos contrarios,
onde a literatura mostra que estes podem aumentar os riscos de doencgas cardiovasculares,
diabetes tipo 2, inflamagdes e cancer (Howes et al., 2015; Calder, 2015).

O perfil de acidos graxos da carne também tem um grande impacto na sua qualidade e
aceitacdo pelo consumidor, melhorando sabor, aroma e textura (RIBEIRO et al., 2011;
Aranceta, Pérez-Rodrigo, 2012; Watkins et al., 2014). Por exemplo, as gorduras saturadas
solidificam apds cozimento, influenciando a palatabilidade da carne; a presenca dos dcidos
graxos insaturados aumenta o potencial de oxidacdo, influenciando diretamente a vida-de-
prateleira da carne in natura ou cozida (Banskalieva et al., 2000; Wood et al., 2003; Burin,
2016).

A qualidade lipidica da carne € avaliada por meio da composicdo de dcidos graxos, pela
determinacdo de indices que relacionam o conteudo de 4cidos graxos saturados (AGS),
monoinsaturados (AGM) e poliinsaturados (AGPI) séries w-6 e w-3. As razdes AGPI: AGS e
w-6:w-3 t€m sido utilizadas com frequéncia para andlise do valor nutricional de Oleos e
gorduras, além de indicar o potencial colesterolémico. Indices de aterogenicidade (IA) e
trombogenicidade (IT) sdo utilizados como medidas de avaliagdo e comparagdo da qualidade

de diferentes alimentos e dietas (Arruda et al., 2012).
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Os indices de aterogenicidade e trombogenicidade indicam o potencial de estimulo a
agregacdo plaquetdria, dessa forma, quanto menores os valores de IA e IT maior é a
quantidade de AG anti-aterog€nicos presentes em determinado O6leo/gordura e,
consequentemente, maior a prevencao ao aparecimento de doencas coronarianas (Turan et al.,
2007; Arruda et al., 2012; Lima et al.,, 2018; Gesteira et al.,, 2018). O indice de
trombogenicidade (IT) considera os 4cidos miristico (C14:0), palmitico (C16:0) e estedrico
(18:0) como trombogénicos, e os AGPI 6mega 6 e 6mega 3 e AGMI como antitrombogénicos
(Ulbricth; Southgate, 1991). Indicando assim os dcidos graxos que podem promover ou
prevenir o aparecimento da aterosclerose e a trombose coronariana com base em seus efeitos
sobre o colesterol sérico, e sobre as concentracdes de colesterol de LDL. (Salter, 2013; Costa
et al., 2018; Gama et al., 2020).

A relagdo entre os 4cidos graxos hipocolesterolémicos e hipercolesterolémicos (h/H)
também € utilizada na avaliacdo do perfil lipidico da carne, esse constitui um indice que
considera a atividade funcional dos AG no metabolismo das lipoproteinas de transporte do
colesterol plasmatico, cujo tipo e quantidade esté relacionado com o maior ou menor risco de
incidéncia de doencgas cardiovasculares (Arruda et al., 2012; Anderson & Ma, 2009; Parodi,
2016).

Nesta relagdo consideram-se os dcidos graxos insaturados como hipocolesterolémicos e
os 4cidos graxos saturados hipercolesterolémicos. Onde os 4cidos  graxos
hipocolesterolémicos atuam na redu¢do do LDL (lipoproteina de baixa densidade), e com isso
previnem doengas cardiovasculares (Santos-Silva et al., 2002; Castillo et al., 2019. Ja os
acidos graxos saturados, que fazem parte do grupo dos hipercolesterolémicos, aumentam o
nivel de colesterol sanguineo (Santos-Silva et al., 2002; Jiang; Xiong, 2016; Gesteira et al.,
2018).

Dessa forma, carnes que apresentam adequado teor de dcidos graxos poli-insaturados e
6tima relacdo dmega 6 e dmega 3, aliados ao baixo colesterol, promovem beneficios a saide
humana, minimizando doengas cardiovasculares (Oliveira et al., 2013; Ponnampalam et al.,

2014).



31

2.2 Qualidade Sensorial

Unindo todos os fatores que compdem a carne temos a analise sensorial, através dos
quais o consumidor julga a qualidade da carne. A avaliagdo sensorial é uma ferramenta
utilizada na tecnologia de alimentos para medir, analisar e interpretar as reagdes produzidas
pelas caracteristicas dos alimentos, visto que as propriedades organolépticas desempenham
papel importante na decisdo de compra e aceitabilidade final da carne e produtos a base de
carne (Ventanas et al., 2020).

As caracteristicas sensoriais da carne podem variar de acordo com a espécie, raca,
idade, sexo, sistema de cria¢do, alimentacdo do animal, manejo pds-morte e processamento da
carne. Além disso, o pH e o perfil de dcidos graxos afetam diretamente a aceitacio sensorial
(Almela et al., 2009, Osério et al., 2009; Ribeiro et al., 2011).

As reacdes de oxidagdo lipidica e proteica estdo entre as principais questdes importantes
associadas a deterioracdo da qualidade da carne (Lorenzo, Dominguez & Carballo, 2017a),
afetando a qualidade nutricional, coloragdo, textura (Gémez, & Lorenzo, 2012), e provocando
odores e sabores desagraddveis (Shahidi, 2002; Lorenzo et al., 2017b; Costa et al., 2018).
Todos esses fatores diminuem as qualidades sensoriais e nutricionais da carne e afetam
negativamente a satisfacdo do consumidor (Chaijan, & Panpitat, 2017).

A andlise sensorial pode ser realizada através de painel treinado (valoragdo objetiva) ou
painel de consumidores (valoracdo heddnica) onde sdo avaliados os atributos da carne como
cor, aroma, textura, suculéncia e sabor, dependendo de fatores como tipo de julgador, método
de cozimento, forma de preparacdo das amostras e tipo de musculo utilizado (Resurreccion,
2003; Osoério et al., 2009; Zeola et al., 2010).

O método de andlise sensorial mais confidvel € a andlise descritiva, realizada por um
painel treinado. Nesse método os avaliadores descrevem caracteristicas sensoriais para
quantificar diferencas entre produtos. Contudo, mesmo esse metédo fornecendo resultados
precisos e confidveis, eliminando possiveis vieses estatisticos, ele apresenta desvantagem
relacionado ao longo tempo necessério para treinamento do painel. Essa desvantagem afeta
principalmente industria, produtores e universidades, que geralmente tem curtos tempos de
execucdo (Ares, 2015; Delarue, 2015; Kemp et al.,, 2018; Naes, Varela & Berget, 2018;
Saldaifia et al., 2020).

Por esse motivo, sdo utilizados métodos sensoriais alternativos visando economizar

tempo e recursos com treinamento do painel (Ares & Varela, 2017). Sendo assim, o método
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mais comum de avaliacdo sensorial € o painel de consumidores, utilizando a escala hedonica
estruturada de nove pontos, onde 1 refere-se a condicao menos favoravel e 9 a mais favoravel,

no qual o consumidor avalia todos os atributos organolépticos da carne (AMSA, 2015).

3 Oleos Funcionais na dieta dos ruminantes

Os 6leos funcionais sdo aqueles 6leos que possuem atividades além do seu contetido
energético, apresentando outras func¢des como, antioxidante, antimicrobiana ou anti-
inflamatéria (Bess et al., 2012; Murakami et al., 2014). Estes 6leos sdo extraidos de sementes
de oleaginosas, e sdo produtos naturais, os quais sao boas fontes de acidos graxos insaturados.
Possuem também compostos fenolicos, os quais sdo responsdveis por suas propriedades
antimicrobianas, anti-inflamatorias e antioxidantes (Shinkai et al., 2012; Salami et al., 2019;
Michailoff et al., 2020).

A inclusdo desses Oleos na dieta de ruminantes € uma estratégia nutricional que melhora
o desempenho, pois assim, pode-se aumentar o valor energético das dietas, a eficiéncia
alimentar e a absorcdo de vitaminas lipossoliveis e dcidos graxos essenciais (Harvatine e
Allen, 2006; Nelson et al. 2008, Lima et al., 2018, Costa et al., 2018; Salami et al., 2019).

Além disso, o uso de 6leos na dieta de ruminantes também tem o intuito de modificar as
carateristicas quimicas, fisicas e sensoriais na carne, aumentando os compostos benéficos a
saude humana, como o &cido linoleico conjugado (CLA), 4cido ruménico e dcido vacénico
(Machado Neto et al. 2015, Lima et al., 2018; Castillo et al., 2019).

No entanto, o uso de lipideos na dieta de ruminantes apresenta algumas desvantagens,
pois dcidos graxos insaturados ingeridos pelos ruminantes causam prejuizo na degradacio da
dieta, uma vez que estes sdo toxicos aos microrganismos ruminais, principalmente bactérias e
protozodrios (Valinote, 2005; Barletta et al., 2016; Morais et al., 2017).

Para reduzir esse efeito toxico dos AGI os microorganismos ruminais utilizam a
biohidrogenacdo, alterando assim o perfil dos 4cidos graxos que chegam ao duodeno. A
biohodrogenagdo consiste na adicdo de hidrogénio nas duplas ligacdes dos dcidos graxos
insaturados nao esterificados pelos microorganismos ruminais, aumentando o grau de
saturacdo e, assim, reduzindo a toxidez, como resultado deste processo, hd uma maior
absorc¢do e deposi¢cdo de dcidos graxos saturados na carne dos animais ruminantes (Harvatine

e Allen, 2006; Bezerra et al., 2016; Toral et al., 2018).
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O normal processo da biohidrogenacao dos 4cidos oleico, linoleico e linolénico formara
acido estedrico, mas em algumas ocasides ocorrem alteracdes nessa rota e o produto final
poderd ser alguns 4cidos graxos trans como consequéncia da incompleta biohidrogenacdo
daqueles dcidos graxos ou ainda, devido a suplementacao lipidica, podendo haver a deposi¢ao
dos acidos graxos originais do alimento na carne e/ou leite por causa da incapacidade dos
micrroganismos biohidrogenarem todos os dcidos graxos adicionais. O primeiro passo
envolve uma isomerase que converte o dcido graxo linoleico (cis-9, cis-12 dieno metileno-
interrompido) em 4cido cis-9, trans-11 dieno conjugado (comumente chamado de dcido
linoleico 16 conjugado ou CLA). Esse metabdlito intermedidrio € transitério, sendo
rapidamente hidrogenado a trans-11 18:1 (&cido vacénico), que € liberado no ambiente
ruminal. Os microrganismos secundarios posteriormente hidrogenam a ligacdo trans-11 com a
formacdo do produto final primdrio da biohidrogenagdo, o 4cido estedrico. Portanto, o
extensivo metabolismo dos 4cidos graxos insaturados no rimen resulta como principal
produto o dcido estedrico que passard ao abomaso e ao intestino o serd absorvido (Palmquist;
Mattos, 2006; Jenkins, 2008).

Devido aos altos teores de dcidos graxos saturados e concentragdes moderadas a baixas
de 4cidos graxos monoinsaturados e poli-insaturados, a carne de ruminantes estd associada a
doencas como, dislipidemias, doencgas cardiovasculares, obesidade e cancer (Wood et al.,
2003; Castillo et al., 2019).

Nesse sentido, € crucial melhorar o valor nutricional dos produtos dos ruminantes para a
saide humana, aumentando o ndmero de gorduras poliinsaturadas dacidos graxos
poinsaturados (0mega 3 e dmega 6), 4cidos ruménico e vacénico e diminuicdo do teor de
acidos graxos saturados e dcidos graxos trans prejudiciais a saide humana (Morales;
Ungerfeld, 2015; Vahmani et al., 2020), por meio da dieta oferecida aos animais para assim
reduzir o efeito negativo dos lipideos nos microorganismos ruminais (Valinote et al. 2005;
Jenkins et al., 2008).

A alta ingestdo de 4cidos graxos insaturados, faz com que a capacidade dos
microrganismos do rdmen em biohidrogenar seja excedida, ocorrendo maior absorcdo
intestinal de dcidos graxos insaturados. Isso ocorre pois com o aumento de lipideos nas dietas
de ruminantes acarreta na inibi¢do da lip6lise e actimulo de 4cidos graxos poliinsaturados no
ambiente ruminal inibindo a biohidrogenacdo completa, alterando o ambiente ruminal e
modificando a populacdo bacteriana responsdvel pela biohidrogenacdo aumentando a

passagem dos 4cidos graxos insaturados para o intestino delgado, possibilitando maior
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absorc¢do e alterac@o do perfil de dcidos graxos da carne (Jenkins et al., 2008; Hess et al. 2008;
Abuelfatah et al., 2016; Balgado et al., 2019; Parente et al., 2020).

O fornecimento de coprodutos de sementes de oleaginosas em dietas para cordeiros
pode ser uma estratégia nutricional para alterar a composicdo da gordura da carne, uma vez
que dependendo da composicdo, da fonte fornecida e do metabolismo ruminal, pode-se
aumentar a absor¢do intestinal de dcidos graxos poli insaturados e sua incorporacdo a carne.
Esses subprodutos sdo 6timas fontes de lipidios, apresentam elevado teor de proteina bruta
(PB), além de serem economicamente vidveis e sustentdveis (Adeyemi et al., 2015; Salami et

al., 2019; Balgado et al., 2019).

4 Liquido da Casca da Castanha do Caju (LCC)

O liquido da casca de castanha de caju (LCC) é um exemplo de 6leo funcional, que a
literatura mostra que pode ser usado com o objetivo de substituir os antibidticos, por
apresentar acdes semelhantes a estes, principalmente no que se refere ao controle da
populacdo bacteriana no interior do rimen, por meio da selecdo de bactérias mais eficientes
para melhor aproveitamento do alimento e assim diminuir as perdas energéticas (Michailoff et
al., 2020).

Além disso, esse 6leo pode substituir os ingredientes tradicionais, como milho, na dieta
de cordeiros e contribuir para o mercado de carnes a partir da melhoria da qualidade lipidica
destas carnes (Salami et al., 2019; Michailoff et al., 2020), conduzindo a modificagdes
desejaveis na carne, em termos nutricionais (perfil de dcidos graxos) e nos atributos sensoriais
(aroma, sabor, maciez e suculéncia) (Lima et al., 2018; Costa et al., 2018).

O liquido da casca da castanha do caju € extraido do mesocarpo esponjoso da castanha
do caju (Anacardium occidentale), planta tropical originaria do Brasil. Cacarteriza-se por um
liquido escuro (quase preto), viscoso e com odor caracteristico (Rodrigues et al., 2006; Lopes
et al., 2008; Mazzetto et al., 2009). E considerado subproduto do agronegécio do caju, além
de ser uma fonte renovavel, biodegraddvel e em abundéncia, principalmente no Brasil
(Andrade et al., 2011; Marsiglio, 2012; Mazzeto et al., 2009).

O Brasil € reconhecido mundialmente como o segundo maior produtor de caju, com
uma safra de 240.139 mil toneladas no ano de 2008 destacando-se o Estado do Ceard como o
principal produtor, cuja safra no mesmo periodo foi de 121.045 mil toneladas de caju numa

area plantada de 397.4 mil hectares (ANUALPEC, 2009). As industrias de beneficiamento da
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castanha estdo concentradas principalmente no estado do Ceard, que detém cerca de 70% da
capacidade instalada da regido nordestina. Somente a agroindustria processadora de castanha
de caju no Ceard emprega cerca de 20 mil pessoas, além de proporcionar 280 mil postos de
trabalho no campo (Mazzetto; Lomonaco & Mele, 2009). Em 2012 foram exportados um total
de US$ FOB 34.263,565 do LCC produzido no Brasil (Diaz et al., 2015).

Os métodos de extracdo do liquido da casca da castanha de caju refletem no produto
final, que € alterado de acordo com o processo de obtencdo. Os métodos mais relevantes de
extracdo do LCC sdo a extracdo a frio, extra¢cdo quente e extragdo por solvente (Mazzetto et
al. 2009), e o produto final pode ser o LCC natural ou o LCC técnico, sendo o LCC natural
resultado da extracdo a frio com prensa, e o LCC técnico da extragdo térmico-mecénica ou
por solvente. A extragdo comum no Brasil ocorre através do método térmico-mecanico para
obtencdo das améndoas gerando grande quantidade de LCC técnico (Andrade et al., 2011;
Marsiglio, 2012). Durante a extracdo do LCC, sob altas temperaturas (180°C) o &cido
anacdrdico sofre reacdo de descarboxilagdo convertendo-se a cardanol, produzindo o LCC
técnico

Os principais componentes do LCC natural s3o o dcido anacédrdico (60-65%), cardol
(15-20%), cardanol (10%), e tragcos de metilcardol. O LCC técnico devido ao efeito do calor
da extracdo, e ao processso de descarboxilacdo, contém principalmente cardanol (67,8-
94,6%), cardol (3,8-18,8%) e o acido anacardico (1,09-1,75%) (Mazzetto et al., 2009; Voirin
et al., 2014).

Além desses compostos, o LCC técnico apresenta alto teor de lipidios totais e a maior
parte destes (82,1%) € constituido de dcidos graxos insaturados, sendo 98,6% dos &acidos
graxos insaturados presentes, o dcido oléico e linoléico, dcidos graxos essenciais, que aportam
alto valor nutricional (Diaz et al., 2015).

Estes compostos do liquido de casca de castanha de caju demonstraram possuir fortes
propriedades antibacterianas, antiprotozodrias, antifingicas e antioxidantes no qual essa
propriedade antioxidante foi melhor apresentado pela acdo do cardanol, seguida pelo cardol e
em ultimo o acido anacardico (Stasiuk e Kozubek, 2010; Oliveira et al., 2011).

Estes compostos podem intervir em processos bioquimicos, inibir o desenvolvimento
de alguns tipos de bactérias, mudar o perfil de 4cidos graxos ruminais e diminuir a producdo
de gds metano e perdas metabdlicas (Oh et al., 2017; Kang et al., 2018; Jayeola et al., 2018;
Michailoff et al., 2020).
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Agem como aditivo, melhorando o metabolismo microbiano e favorecendo o aumento
das concentragdes de proprionato no rumen e, a digestilbilidade total da dieta (Maia et al.,
2006; Hess et al., 2008). Estes compostos fendlicos também demonstraram efeitos
antioxidantes na carne devido a sua prote¢ao contra reagdes de oxidacao, prolongando o prazo
de validade e evitando a producdo de sabores e odores desagraddveis (Pateiro et al., 2018).

Devido a essas caracteristicas, € por estes compostos serem produtos naturais, seguros,
nao toxicos e que nao causam nenhum dano a satide humana, nem animal, sendo aprovada
pela Food and Drug Administration (Bakkali et al., 2008; Mazzeto et al. 2009), o LCC ¢
considerado uma alternativa na alimentacdo dos ruminantes podendo ser fornecido de forma

segura (Oh et al., 2017; Kang et al., 2018; Michailoff et al., 2020).

5 Conclusao

Os principais fatores que influenciam na qualidade da carne sd@o o pH, cor, capacidade
de retencdo de dgua, perda por cocgdo, textura, sabor e perfil de dcidos graxos. Sendo essas
caracteristicas influenciadas por diversos fatores, como raga, sexo, genética, estado fisiologico
do animal, condi¢des pré e pds abate e a nutricdo do animal, no qual esta dltima caracteristica
influencia diretamente a qualidade da carne, sendo, portanto, um fator importante que pode
ser modificdvel para agregar valor ao produto final.

Ficou demonstrado na presente revisdo que manipulacio de dieta dos ruminantes, com
a utilizacdo de 6leos funcionais, provenientes de sementes de oleaginosas, como o liquido da
casca da castanha do caju (LCC), € justificavel, pois além do fornecimento de energia aos
animais, favorece modificacdes desejaveis a carne podendo alterar o perfil de dcidos graxos e
todos os fatores que exercem influéncia sobre a qualidade da carne, como composicao fisico-
quimica e as caracteristicas sensoriais, influenciando a aceita¢do pelo mercado consumidor e
os resultados econdmicos esperados pelos produtores. Porém, deve ser considerado o impacto
da inclusdo desses produtos no metabolismo ruminal, levando-se em conta o nivel de inclusio

e tipo de dleo fornecido.
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Short title
Meat quality Dorper x Santa Inés lambs fed cashew nut shell liquid (CNSL)

Abstract: The cashew nut shell liquid (CNSL) is one natural antioxidant rich in phenolic
lipids, being obtained as a co-product of the almond extraction process during the processing
of the nut and it can be used in the diet of sheep as a source of energy. The CNSL was added
in lambs diet replacing ground corn to evaluate the effect of the meat quality. A total of 40

Dorper x Santa Inés crossbred lambs with a mean age of five months, initial body weight of


mailto:deboragomesdesousa1994@gmail.com

48

26.0 + 2.4 kg was distributed in a randomized blocks design with four treatments [CNSL
inclusion at 0 (control), 0.75; 1.5 and 2.25% in dry matter (DM)]. The use of technical CNSL
up to the level of 1.5% of DM improved the DMI and growth performance of the lambs and
the general meat quality characteristics (P <0.05). The redness coloration parameters, the
saturation index, the concentrations of vaccenic acid and the sum of frans-fatty acids
increased linearly (P <0.05) by CNSL inclusion in lamb diets. The concentrations of oleic
fatty acid, the sum of cis-monounsaturated fatty acids; the relation between monounsaturated
fatty acids and saturated fatty acids, the rumenic acid and hypocholesterolemic and
hypercolesterolemic fatty acids reduced linearly (P <0.05) from CNSL diets inclusion. The
inclusion of CNSL in lamb diets did not affect (P >0.05) the meat instrumental parameters of
pH, loss by cooking, color, water retention capacity and shear force and chemical composition
(protein, lipid, moisture and ash). The inclusion of cashew nut shell liquid (technical CNSL)
in the diet of lambs replacing ground corn in the concentrate up to the level of 1.5% of DM is
recommended because it improved DMI, performance and meat coloration of the lambs

without affecting physicochemical quality and fatty acid composition of lamb meat.

Keywords: atherogenicity index; cholesterol; longissimus muscle; sheep; shear force.

Highlights

- We tested foul levels natural oil antioxidant extracted from the cashew nut shell liquid
(CNSL) in lamb diets

- CNSL up to level 1.5 % DM increased dry matter intake and weight gain of lambs

- Oleic and rumenic acid, EMUFA-cis, XSMUFA/ZSFA, h:H index reduced by CNSL diets

- Redness meat coloration and saturation index, vaccenic acid increased due CNSL inclusion

1. Introduction

Meat is one of the most complete and important foods in nutritional terms in the human
diet because it contains in its composition liposoluble, water-soluble vitamins and minerals,
highlighting the presence of iron, in addition to proteins with high biological value correlated
to the availability and digestibility of essential amino acids. Due to these characteristics and

with the growing demand of consumers for healthier food, the market has demanded and
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sought meats with better nutritional quality, mainly regarding the lipid composition and
sensorial aspects, besides functional properties beneficial to health. Thus, the production of
healthier meat, with a better quality has become a priority (Boada et al., 2016; Wyness, 2016;
Beriain et al., 2018).

Meat from ruminant animals has been associated with unhealthy foods due to the
predominant lipid composition of saturated fatty acids (SFAs). This occurs due to the process
of ruminal biohydrogenation, a medium used to neutralize the toxic effect of unsaturated fatty
acids to ruminal microorganisms. Resulting in the absorption of SFAs and its incorporation in
the meat, making it rich in SFAs, and this is not a desirable feature to human health, as the
high amount of SFAs in the food can lead to cardiovascular diseases, obesity and cancer
(Givens, 2010; Najafi et al., 2012; Carneiro et al., 2015; Bezerra et al., 2016). Despite the
harmful effects on health, SFAs play an important role in the quality of meat, improving the
texture, taste and aroma, and consequently the acceptability of meat. Thus, the nutritional and
sensory quality of meat is directly influenced by the composition of fatty acids (Aranceta and
Pérez-Rodrigo, 2012; Watkins et al., 2014; Gama et al., 2020).

As a nutritional alternative to modify the fatty acid profile of sheep meat, is the
modification of the ingredients in the animals' diet, such as the inclusion of oils from seeds
among them the licuri (Costa et al., 2018; Balgado et al., 2019), peanut (Bezerra et al., 2016),
cotton (Pereira et al., 2016), sunflower (Lima et al., 2018, Oliveira et al., 2019) and buriti
(Parente et al., 2020) in the diet of the animals, since, according to the quantity, composition
and source of the oil supplied and the ruminal metabolism, it can promote the increase of the
intestinal absorption of PUFA, altering the profile of these fatty acids in the rumen and their
deposition in the meat (Adeyemi et al., 2015; Chikwanha et al., 2017; Salami et al., 2019;
Michailoff et al., 2020).

Vegetable oils can replace traditional ingredients, such as corn and soy, in the sheep’s
diet and contribute to the meat market by improving the lipid quality of these meats (Salami et
al., 2019; Michailoff et al., 2020), leading to desirable modifications in the fatty acid content
of the meat and, in some cases, promoting desirable modifications in its sensory attributes,
such as aroma, taste, tenderness and juiciness, as occurred in the study of Lima et al. (2018),
in which the inclusion of 30% of sunflower seed cake in the feeding of the lambs, obtained
positive results in the sensorial evaluation, in addition to improving the values of nutraceutical
compounds such as CLA, Al, PUFA: SFA and PUFA: MUFA ration in the meat and in the
study of Costa et al. (2018) with the supplementation of 24% of the licuri cake, there was
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improvement in the sensory characteristics and fatty acid profile of the meat, where the
sensory attributes of the meat were better evaluated by the higher n-3 PUFA content of the
lambs' meat. In other cases, the inclusion of oils may cause the depreciation of these
nutritional and sensory attributes of the meat as in the study by Parente et al. (2020) where
buriti oil did not promote a change in the composition of fatty acids, with an increase in trans
fatty acids, especially trans10-18:1 and Arana et al. (2006) also observed that the inclusion of
5% olive oil in the diet of lambs did not influence the composition of fatty acids in the meat.

Among these oils, the cashew nut shell liquid (CNSL) arises as an alternative. The
CNSL is one natural antioxidant rich in phenolic lipids, being obtained as a co-product of the
almond extraction process during the processing of the nut and the main components of the
CNSL are cardanol (67.8-94.6%), cardol (3.8-18.8%) and the anacardic acid (1.09-1.75%),
and does not present toxicity (Mazzetto et al., 2009). These compounds have demonstrated
strong antioxidant, anti-inflammatory and antimicrobial properties and due to the function of
these components, besides presenting antimicrobial activity and being considered an excellent
source of unsaturated phenol, of relevance for polymer production (Jayeola et al., 2018).
Thus, the CNSL is considered a functional oil and antioxidant, and can be included in the
feeding of ruminants with the objective of improving the quality of the meat, besides being an
economically viable by-product in the Brazilian agribusiness industry, for being a renewable,
biodegradable and sustainable source (Andrade et al., 2011; Kang et al., 2018; Michailoff et
al., 2020).

Due to this concern with health and the influence that the diet of ruminants has on
quality and especially on the fatty acid profile of meat, in which the increasingly demanding
consumer divides himself to health issues, it is necessary to have knowledge of the quality
parameters in the lamb production system, focusing on the lipid content as well as the fatty
acid composition of meat. Thus, it is hypothesized that the inclusion of CNSL in the lamb diet
may improve the performance and quality of the lamb meat due to the increase in energy
density due to the high caloric increase (NRC, 2007) and in addition it has antioxidant action
due to its chemical composition which modifies the fatty acid composition of the meat of the
animals due to the toxic effects on the ruminal bacteria, especially Gram positive,
methanogenic bacteria and protozoan in the ruminal environment and at the same time can
provide precursors for CLA synthesis in the rumen and/or body tissues. Therefore, this study

was conducted to evaluate the best level of inclusion of CNSL on the performance of animals,
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centesimal, physical-chemical composition and fatty acid profile of the meat of crossbred

lambs (Dorper x Santa Inés).

2. Materials and methods

2.1. Location and ethical considerations

This study was conducted in the Productive Didactic Module of Small Ruminants of the
Federal University of Campina Grande (UFCG), Rural Health and Technology Center
(CSTR), Patos-PB, located at NUPEARIDO Experimental Farm, CSTR/UFCG (Latitude S -
7°4'44,4"; Longitude W - 37°16'28,5"), Paraiba, Brazil, in strict compliance with the
recommendations of the Guide for the Care and Use of Agricultural Animals in Research and
Teaching and was approved by the Ethics Committee on Animal Experimentation of the

Federal University of Campina Grande, Paraiba, Brazil (Protocol number 05/2019).

2.2. Animals, treatment, handling, diets and chemical composition

Forty lambs from Santa Inés x Dorper crossings were used, all of them uncastrated,
with a mean age of five months, average initial body weight of 26.0 + 2.4 kg, distributed in
four treatments with ten repetitions, and design in randomized blocks.

The experimental period was of 75 days, with 15 days of adaptation of the animals to
the environment, handling and diets. During the adaptation period, the animals were
identified, weighed, treated orally with ivermectin (Ranger LA® 3.5%, Brazil) for parasite
control. The animals were allocated to individual hanging stalls, covered with ceramic tiles,
provided with feed and water troughs, and also natural ventilation with natural lighting during
the day and artificial lighting in the nocturnal period.

The diets were formulated with a 40:60 roughage:concentrate ratio in the form of a
complete mixture. The concentrate was composed of ground corn, soybean meal, mineral
mixture and increasing levels (0; 0.75; 1.50 and 2.25% in dry matter basis) of cashew nut
shell liquid (CNSL) replacing ground corn. The roughage was constituted of chopped Tifton-
85 hay. The diets were formulated to meet an average daily gain of 200 g/day, as
recommended by the National Research Council (NRC, 2007).



52

The diets were supplied twice a day (8:00 and 15:00 h) as total mixed ration (TMR) and
the leftovers collected and weighed to adjust the offer. To verify the weight gain, weighings
were performed every 21 days, with previous fasting of solids of 12 h, starting from the
beginning of the experiment until the day of slaughter. The intake of the diet was measured
daily, maintaining leftovers of 10% of what was offered. Water was supplied ad libitum.

In order to nutritionally characterize the foods, the chemical composition of the diet and
of the ingredients offered was determined. To perform the chemical composition analyses, the
samples were pre-dried at 55°C for 72 h, ground in a Willey type mill (Tecnal, Piracicaba,
Sao Paulo, Brazil) with a 1.00 mm sieve and stored in hermetic plastic containers.

The samples of ingredients and diets were submitted to the analysis for the evaluation of
the dry matter (DM; 967.03), minerals (942.05), crude protein (CP; 920.29) and ether extract
(EE; 981.10) content, according to the AOAC (2012), as shown in table 1. For the
determination of neutral detergent fiber (NDF) and acid detergent fiber (ADF), the
methodologies described by Van Soest et al. (1991) were used. For the analysis of the NDF,
were added three drops (50 pL) of a-amylase per sample in the washing with the detergent, as
well as in the water. The NDF content was corrected for ashes and proteins (NDF,;) following
the methodology described by Licitra, Hernandez, and Van Soest (1996), where the neutral
detergent residue was burnt in a muffle furnace at 600°C for 4 h, and the correction for the
protein was carried out discounting the insoluble protein in neutral detergent. The acid
detergent lignin (ADL) was obtained following the methodology described by Van Soest
(1967).

The non-fibrous carbohydrates (NFC) of the ingredients used in experimental diets
were determined according to Sniffenet al. (1992): CNF = 100 - (CP + EE + minerals +
FND,p). The total digestible nutrients (TDN) of the feeds were calculated using the following
formula: TDN = CPp + NFCp + NDFE;;p + 2.25 x EEp (NRC, 2007), where D is digestible

nutrients.

2.3. Extraction and Purification of the CNSL

For the extraction process of the CNSL, the shell was submitted to steam heating up to
the temperature of 80°C (Osmari et al., 2015). After the heating, the shell was submitted to
pressing, obtaining in the operation the CNSL and a cake formed by the residual content of

CNSL that was extracted by solvents (Lubi and Thachil, 2000). In the extraction by solvent, a
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thermal-mechanical process (hot oil process) was applied, where the hot CNSL itself is used
as a means to heat the nuts in natura at approximately 190°C; at this temperature, the outer
shell ruptures and releases the alkylphenols present in the porous shell (mesocarp), followed
by the removal of the inner shell, which allows the recovery of the nuts (Mazzetto et al.,
2009). In the CNSL extraction process, is obtained 18% of CNSL and 55% of residual cake,
which is used as fuel in the boilers.

The CNSL obtained was then submitted to the decarboxylation operation, which has the
purpose of removing CO2 and moisture. In this process, the CNSL was heated at a
temperature of 140°C, with agitation (Lubi and Thachil, 2000). The thermal treatment that
CNSL undergoes during its extraction process favors the decarboxylation of the anacardic
acid, with the formation of cardanol, thus obtaining the technical CNSL (Mazzetto et al.,
2009), used in the present research. The decarboxylated CNSL was filtered to remove

impurities through a filter-press and after the filtration, the CNSL was stored.

2.4. Performance, slaughter of the animals and meat processing

The dry matter intake (DMI) was obtained from the quantities of feed offered and the
leftovers recorded during the trial period. The lambs were weighed individually at the
beginning of the experiment (initial weight) and again every 21 days to determine the average
daily gain (ADG), which was calculated based on the difference in the initial and final body
weight of the animals divided by the number of days in the experimental period. At the end of
the experimental period (60 days), the animals were submitted to a 12-hour fast of solid food
and weighed to obtain the slaughter body weight (SBW) and then, the animals were
slaughtered following the guidelines of the Federal Inspection Service (FIS) for humane
slaughter, according to the norms of the Ministry of Agriculture and Livestock of Brazil
(Normative n. 03/00, MAPA, Brazil). At slaughter, after bleeding, skinning and evisceration,
the head and legs were removed and carcasses were stored in a cold room, where they were
cooled for 24 hours at 4 °C.

Samples of the longissimus lumborum muscle, approximately 2.5 cm thick, were
collected, packed in aluminum foil and plastic film, and frozen in a freezer (-18 °C) for
further analysis of the centesimal, physical-chemical properties and fatty acid composition of

meat. Before starting the analysis, the samples used were thawed at 4°C for a 24-hour period.
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2.5. Physico-chemical composition of the meat

For the determination of the final pH, evaluated 24 hours after the slaughter in the
carcass, a digital potentiometer with a penetration electrode (DIGIMED, model pH 300M,
Sao Paulo, Brazil) was used, introduced in a 2 to 4 cm deep cut , made with a scalpel in the
Semimembranosus muscle, avoiding contact with fat and connective tissue (Cezar and Sousa,
2007).

For the coloring rates, samples of thawed meat, free of visible connective tissue and
with an average thickness of 2.5 cm, were exposed to atmospheric air for 30 minutes so that
the myoglobin reaction of the muscle with the oxygen from the air could occur, forming the
oxymyoglobin, main pigment responsible for the bright red color of meat. After 30 min, as
described by Miltenburg et al. (1992), the coordinates L*, a* and b* were measured in three
different muscle points in non-overlapping areas, and an average was calculated for each
coordinate per animal. These measurements were performed using a Minolta colorimeter
(Konica Minolta, Chroma Meter CR 410, Tokyo, Japan) that was previously calibrated with
the CIELAB system using a blank tile, illuminating D65 and 10° as standard observation
points. L* is related to luminosity (L* = 0 black, 100 white); a* (red) varies from green (-) to
red (+); b* (yellow) varies from blue (-) to yellow (+). The color saturation index (chroma,
C*) was calculated according to Boccard et al. (1981) by the formula: (index a*2 + index
b#2)05,

The water holding capacity (WHC) was determined according to the methodology
described by Santos-Silva et al. (2002), where samples of the Longissimus lumborum muscle
of approximately 300 mg were weighed. These were placed between two pieces of filter
paper previously weighed (P1) and pressed for five minutes, with a weight of 3.4 kg. After
the pressing, the samples were removed and then the papers were weighed (P2). The water
retention capacity was calculated according to the following formula: WHC (%) = (P2 -
P1)/S x 100, where "S" represents the weight of the sample.

To estimate the cooking weight losses (CL), two 2.5 cm thick samples were used,
packed in metallic sheets and weighed to obtain the weight before and after cooking in the
Grill. The difference between these was the loss by cooking, and the value was expressed as a
percentage according to Duckett et al. (1998). The sample was considered cooked when the
internal temperature of the meat reached 70°C, and the temperatures were monitored using a

specialized thermometer for cooking meat (Acurite®).
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Then the shear force evaluation was performed, where the samples used in the cooking
losses analysis were used. These were cooled down to room temperature and three cylindric
meat samples were made, in the direction of the muscular fibers, which were arranged in the
equipment with the fibers oriented perpendicular to the blade to check the cutting force, using
the texturometer device (BFG 1000N, Mecmesin, United Kingdom) attached to a Warner-
Bratzler type blade (WBSF). The equipment was calibrated with a standard weight of 5.00 kg
and the descent and cutting speed of the device with 20 cm/minute, the peak shear force was
recorded and the results expressed in kgf/cm? (Shackelford et al., 1999).

The determination of the content of moisture, dry matter, minerals and raw meat
protein followed the recommendations of the AOAC (2012). The lipid extract used to find the
fatty acid profiles of the samples of meat, diet and CNSL was obtained using the technique
described by Bligh, and Dyer (1959), using 2:1 chloroform and methanol as solvents. The
composition of FA of the CNSL and diets are described in Table 2.

After lyophilization, approximately 3.0 g of lyophilized meat sample were weighed into
an Erlenmeyer flask and then 60 mL of the solvent mixture was added. Subsequently, the
Erlenmeyer flasks were taken to a shaking table (New Technique 145, Piracicaba - SP,
Brazil), and were shaken for 30 min at 125 rpm with a temperature of 30 °C. After the
agitation, the samples were canalized with filter paper and, then, 20 mL of distilled water
were added to the Erlenmeyer flasks to wash the filtrate. The content was placed in 100mL
penicillin-type amber flasks, and left to rest during the night until the layers separated. The
superior layer was discarded, the bottom was taken to a rotary evaporator (RV 10 Basic,
Munich, Germany), placed in amber glass flasks, so that all the chloroform of the samples
was evaporated leaving only the extracted lipids. After evaporation, the extracted lipids were
transferred to 5 mL amber flasks and the flasks were weighed on the analytical balance

(Shimatzu Y220, Tokyo, Japan) before and after the transfer, to produce the lipidic yield.

2.6. Fatty acid profile of the meat

The lipid extract used to find the fatty acid profiles of the diet samples and the lamb
meat was obtained following methodology described by Bligh and Dyer (1959), with
adaptations and using 2:1 chloroform and methanol as solvents. The lipids extracted from
samples of diets and longissimus lumborum muscles were derivatized according to Hartman

and Lago (1973). The determination of the FA profile was performed with FA methyl esters
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(FAMEsS), which were extracted from the ingredients of the diets (Table 1) and from the
lyophilized samples of the longissimus lumborum muscle, and conducted according to the
method described by O'Fallon et al. (2007), in which a solution of potassium hydroxide,
methanol, sulfuric acid, hexane and internal standard C19:0 was used.

The FA composition was determined by gas chromatography on a Supelco® Analytical
SPTM - 2560 capillary column, 100 m x 0.25 mm x 0.20 pm (Supelco® InC., Bellefonte, PA,
USA), installed in a Focus GC gas chromatograph from Thermo Scientific (Thermo Electron
SpA®, Milan, Italy). The initial oven temperature was 140°C, subsequently increased to
220°C at a rate of 1°C/min and then maintained for 25 minutes. Hydrogen was used as the
carrier gas at a flow rate of 1.5 mL/min. The injector temperature was maintained at 250°C
and the detector at 280°C. The injection volume was 1 pL, and the split ratio was 30:1. Fatty
acids were identified by comparing retention times with the chromatographic reference
standards (Nu-Chek Prep, Inc.), and the concentrations were expressed in longissimus
lumborum muscle as mg/100 g meat and the ingredients and meta as relative to total FAME
(as g/100 g FAME).

The totals for the saturated fatty acids (SFA), monounsaturated fatty acids (MUFA) and
polyunsaturated fatty acids (PUFA), as well as the MUFA: SFA, PUFA: SFA, PUFA:MUFA,
and n—6:n—3 ratios, were calculated from the identified fatty acid profiles. To evaluate the
nutritional quality of the lipid fraction of the [longissimus Ilumborum muscle, the
Atherogenicity index (Al) was calculated with the equation Al = [(C12:0 + (4 x C14:0) +
C16:0)]/(XMUFA + Zn—6 + Xn-3) and TI = (C14:0 + C16:0 + C18:0)/[(0.5 x EMUFA) + (0.5
x 2n—6 + (3 x Zn-3) + (Xn—-3/Zn-6)] (Ulbricht and Southgate, 1991), and the relationship
between the hypocholesterolemic and hypercholesterolemic fatty acids (h:H) was calculated,
wherein h:H = (C18:1 cis—9 + C18:2 n—6 + C20:4 n—6 + C18:3 n—3 + C20:5 n-3)/(C14:0 +
C16:0) according to Santos-Silva et al. (2002). Desired fatty acids (DFA) were obtained
according to the Rhee (1992), wherein DFA = (MUFA + PUFA + C18:0).

The enzymatic activities of the A9-desaturase C16 (A9C16), A9-desaturase C18
(A9C18) and elongase were estimated according to Smet et al. (2004) with the following
equations: A9C16 = [C16:1/(C16:0 + Cl16:1)] x 100, A9C18 = [(C18:1cis-9)/(C18:0 +
C18:1cis-9)] x 100 and elongase = [(C18:0 + C18:1cis-9)/(C16:0 + C16:1 + C18:1cis-9)] x
100.
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2.7. Experimental design and statistical analyses

The experimental design was in randomized blocks, with four treatments (levels of
inclusion of CNSL (0 or control, 0.75, 1.50 and 2.25% in the diet) and 10 experimental units
(lamb)/treatment, with the initial weight of the animals the criterion for block formation. The
data were analyzed using the MIXED procedure of SAS 9.4 considering the random effects of
block and block x treatment according to the following model:

The following statistical model was used:

Yijk = p + ti + Bj + tPij + €ijk, where:

Yijk = observed value k in the experimental unit that received treatment i, repetition j;

u = general average common to all observations;

1 = effect of treatment i;

fj = effect of block j;

tPij = interaction effect of treatment i and blocoj;

eijk = random error with mean 0 and variance.

The data were subjected to analysis of variance and regression using Statistical Analysis
System software (PROC REG; SAS, 2003 Institute Inc., Cary, NC, USA). The sum of squares
of treatments in contrast analysis was decomposed into two contrasts, namely, linear (-2, —1,
0, +1, +2) and quadratic (+2, —1, -2, —1, +2) effects, for the significance of the model (P
<0.05).

3. Results

3.1. Performance and physical-chemical composition of the meat

The inclusion of CNSL in the diet of lamb caused a quadratic effect on DMI (P =
0.034), average daily weight gain (P = 0.016), body weight at slaughter (P = 0.002), and the
fat concentration of the meat (P = 0.0021) of the lambs (Table 3) with the levels ranging from
7.5 to 15 g/kg DM prresnting best results. There was a linear reduction in the protein
concentration (P <0.0001) of the meat as the inclusion of CNSL increased. The red color
parameters (a *; P = 0.0008) and the saturation or chrome index (C *; P = 0.0006) increased
linearly with the inclusion of CNSL in the animals' diet. The content of dry matter, moisture,

minerals, 24-hour pH (P = 0.59), shear force (WBSF), cooking weight loss (CL), water
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retention capacity (WHC), indexes of luminosity coloring and yellow of the longissimus

lumborum muscle are not affected (P >0.05) by the inclusion of CNSL in the lamb's diet.

3.2. Profile of fatty acids and nutraceutical compounds

There was a linear reduction in the concentrations (g/100 g FAME and mg/100 g of meat)
of C18:1c-9 (P = 0.031; P = 0.045) and Y MUFAcis (P = 0.042; P = 0.049) and the ratio
XMUFA:ZSFA in mg/100 g of the meat (P = 0.029) of the lamb (Tables 4 and 5). The addition
of CNSL in the lamb’s diet increased linearly the concentrations (g/100 g FAME and mg/100 g
of meat) of C18:1¢c—11 (P =0.029 and P = 0.028) as well as a quadratic increase of the sum of
> MUFAtrans (P = 0.029 and P = 0.021). In contrast, there was a trend towards linear
reduction in concentrations of Y MUFAcis in g/100 g FAME (P = 0.055) and C18:2¢-9-t-11 (P
=0.068), > MUFA (P = 0.057), and the nutraceutical index h:H (P = 0.055) in g/100 g of meat
due to inclusion of CNSL in the lamb’s diet.

The other saturated fatty, mono- and polyunsaturated fatty acids, the sums and relations
between SFA, and nutraceutical indexes in lamb’s meat were not affected (P > 0.05) by the

inclusion of CNSL in the diet.

4. Discussion

The tCNSL inclusion in lamb diets resulted in a greater DMI, ADG and slaughter BW
when included at moderate levels (ranging from 0.75 to 1.5 g/lkg DM), thus increasing the
final weight and this was reflected by the increase in meat fat. However, there was a limit, as
the inclusion of the highest level of CNSL (2.25% DM) reduced the DMI and performance of
the animals and consequently the deposition of fat in the meat. Thus, this reduction at the
higher level can be explained by the increase in the EE levels of the diet, due to the toxic
effects on rumen bacteria, mainly Gram positive, methanogenic bacteria and protozoa, which
affect rumen digestion of food (Morais et al., 2017; Balgado et al., 2019). This toxicity is
related to the increased fluidity of the cell membrane, with consequent loss of selective
permeability and reduction of the cell viability (Rodrigues et al., 2013). The maximum EE

concentration in diets was 1.92 to 4.09% of dry matter, with the inclusion of 2.25% CNSL.
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Even so, the average fat content found in all treatments was 2.87 g/100 and it can be
considered a lean meat because it has less than 5% fat (Bezerra et al., 2016).

As the CNSL was included in the diet of lambs, the levels of meat protein decreased.
This can be explained because, with the increase in weight at slaughter, there is a tendency to
reduce the protein content, and, this is probably due to the growth of bone, muscle and
adipose tissues of the animal (Bonagurioet al., 2004).

Still, an average protein concentration of 20.3 g/100 g meat indicates good nutritional
quality of meat, which is desirable, since meat protein is considered of high biological value
and has a high content of essential amino acids (Pedro and Vicente, 2013). Therefore,
animals fed with CNSL resulted in higher slaughter weights, increase of the fat content and
decrease of protein content of the meat.

The dry matter, moisture and ash contents were not affected by the inclusion of LCC in
the lambs' diet, presenting recommended average values that were 74.4% for humidity,
25.4% for dry matter and 1.83% for ashes (Ledo et al., 2011; Grandis et al., 2016).

The 24 h pH of the meat was also unaffected by the inclusion of CNSL in the lamb’s
diets, obtaining an average pH of 5.37, the same in normal intervals for lamb meat of 5.5 and
5.8 (Della Malva et al., 2016) and indicating that the pre-slaughter management techniques
were applied efficiently, avoiding the occurrence of animal stress. In addition, this pH is
indicative of post mortem changes consistent with high quality meat (Silva et al., 2016; Costa
et al., 2018; Ribeiro et al., 2018).

Higher pH values affect meat quality, affecting water retention capacity, taste, color
and texture, because according to Ramos and Gomide, (2007) the pH has a marked influence
on contraction, proteolysis and protein denaturation, leading to changes in its structure and
quality. Thus, the final pH within normality may have been one of the factors that
contributed to the normal values of WHC, CL and WBSF (Madruga et al., 2008; Bezerra et
al. 2016; Girard et al., 2016; Muela et al., 2016).

In relation to the color of the meat, it was observed that the values of red (a*) and
chroma (C*) increased linearly, while the values of luminosity (L*) and yellow (b*) were not
influenced, this shows that the CNSL promoted the increase in the intensity of the red color
and lower intensity of yellow color, this result was expected, as the CNSL presents the dark
red coloring formed during the polymerization of the CNSL and is attributed to the presence
of cardol (Wasserman and Dawson, 1948) and in its composition cardol, cardanol and

anacardic acid are antioxidant compounds, and the greatest antioxidant activity is presented
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by the cardanol, followed by cardol and last by the anacardic acid (Oliveira et al., 2011a). By
means of this antioxidant action of the technical CNSL alterations in the coloration of the
meat of the animals that received the oil were expected, which are mainly attributed to the
delay of lipid oxidation promoted by the addition of CNSL, positive results in the qualitative
characteristics of the meat, related to the coloration parameters. Another factor which explains
the ideal color of the meat are the adequate pH and water retention values of the present study
(Pearce et al., 2011; Oliveira et al., 2019).

Therefore, the coloring results are in accordance with the values considered normal for
lamb meat (Warris, 2003, Bezerra et al., 2016), as the higher the values of L* the lighter-
colored the meat is, and the higher the values of a* the redder it is (Madruga, 2004). These
results are satisfactory, because they influence the sensory quality of the meat and stands out
as the main factor of appreciation at the time of purchase, being the first characteristic
analyzed by the consumer; time when other sensory activities have not yet been evaluated;
related to factors regarding the quality and level of freshness of the meat (Alcantara et al.,
2012; Silva et al., 2016).

The instrumental parameters of water retention capacity (WRC), weight loss by cooking
(WLC) and shear force (SF) were not affected by the diet (P> 0.05) this occurred due to the
pH values being normal, obtaining average recommended values for lamb meat, which were
1.73 kgt for WRC, 29.11% for WLC and 27.8% for WRC (Silva Sobrinho et al., 2005).
Therefore, based on this value the meat of the lambs in this study can be considered tender, as
it is below 8 kgf/cm2 which can result in high acceptance by the consumer (Gonsalves et al.,
2012). These results can be explained due to the higher levels of fat in the carcass, since they
provide lower losses during cooking, resulting in more succulent meats, due to the fact that
the fat in the meat acts as a barrier to moisture loss (Bonagurio et al., 2003).

These results are positive, because meat that does not have the capacity to retain water
will have a great loss of liquid when a force is exerted on it, or in the cooking process; with
this, a great part of its nutritional value is lost, mainly the water-soluble vitamins, which
causes loss in the sensorial characteristics, such as softness, texture, succulence and color
(Silva Sobrinho et al., 2005; Pearce et al., 2011; Lima et al., 2018).

It is observed that the values of saturated fatty acids were not influenced by CNSL
levels, especially palmitic (C16:0) and myristic (C14:0) fatty acids, which indicates a positive

result, since these fatty acids raise the levels of low-density lipoprotein (LDL-cholesterol),
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which are associated with increased risk of developing cardiovascular disease (CVD) (Salter,
2013; Jiang and Xiong, 2016; Gesteira et al., 2018).

It is also observed that C18:0 (stearic) did not suffer alterations with the substitution and
it, although being saturated, is converted to oleic acid (C18:1) in the organism, which is
beneficial to health, being considered neutral in its effects on the increase of plasma
cholesterol concentration (Santos et al., 2013; Gesteira et al., 2018; Gama et al., 2020).

These values may be related to the composition of these fatty acids in the diet, which
were also not high, and to the chemical composition of the meat, since the diets did not
influence their lipid content. These values also suggest that the CNSL in the diet did not affect
the activity of lipogenic enzymes important for the synthesis of medium and short chain FA
(Kim et al., 2007; Adeyemi et al., 2016).

Therefore, the meat of the lambs fed with cashew nut liquid can be considered healthy,
because it does not present in its composition high levels of hypercholesterolemic fatty acids
such as C16:0 (palmitic), C14:0 (myristic).

In relation to the MUFA, its total decreased linearly with the increase of the
substitution. This decrease occurred due to the fact that the most representative acid (oleic)
also presented linear reduction, this decrease of monounsaturated fatty acid C18:1¢—9 (oleic)
occurred in proportion to what the CNSL level was increased. The oleic fatty acid, presents
benefits the fact that it does not decrease high density lipoprotein (HDL), known as good
cholesterol, and reduces low density lipoprotein (LDL) levels (Santos et al., 2013).

Thus, in nutritional terms, the C18:1 c9 content should have increased, given its high
content in the diet, as well as in the CNSL, therefore being an unexpected data, considered a
negative result. This can be justified because the delta-9-dessaturase concentrations have not
been altered, and this converts stearic acid (C18:0) (which has also not been altered) into oleic
acid (Fiorentini et al., 2015; Oliveira et al., 2019). Probably, the ruminal biohydrogenation of
the oleic increased due to the increasing addition of CNSL in the diet of the animals.

There was a linear increase of the vaccenic acid (C18:1n—/1) and of the Y MUFA-
trans, while the ) MUFA cis and the rumenic acid reduced. The increase of the concentration
of the vaccenic and rumenic acid resulted from the ruminal biohydrogenation of the PUFA,
especially, of the linoleic acid, therefore the increase of the vaccenic can be related with the
diet composition, as they were rich in linoleic acid, and this increases the proportions of the
vaccenic acid, by the process of biohydrogenation (Chikwanha et al., 2017). Therefore, the

extensive metabolism of unsaturated fatty acids in the rumen results as the main product the
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stearic acid that will pass to the abomasum and the intestine will be absorbed. The normal
process of biohydrogenation of oleic, linoleic and linolenic acids will form stearic acid, but
on some occasions changes occur in this route and the final product may be some trans fatty
acids as a consequence of the incomplete biohydrogenation of those fatty acids, like
conjugated linoleic acid (CLA) (Buccioni et al., 2012).

Regarding C18:2cis-9, trans-11 (CLA), it was verified that this FA was not altered
even with the increase of its intermediate the vaccenic acid (C18:1n-11). This shows that the
CNSL did not promote the transformation of the vaccenic acid into CLA, as the high
concentration of the vaccenic acid in the rumen can cause an increase of the CLA in animal
tissue by the action of the enzyme A9-dessaturase (Oliveira et al., 2011b).

In parts, these results are not positive because the high levels of trans fatty acids are
related to increased cholesterol levels, inflammation and the formation of atheromatous
plaques in blood vessels. However, not all of the trans MUFA are malefic, as is the case of
conjugated linoleic acid (CLA), rumenic acid and vaccenic acid which bring benefits to
health, such as anticarcinogenic, antiatherogenic and anti-inflammatory activities (Quifiones
et al, 2019; Hennessy et al., 2011; Kuhnt et al., 2016; Chikwanha et al., 2017).

The reduction of the rumenic acid can be justified due to the linolenic acid (®-6) have
lower rates of biohydrogenation compared to LA (»-3) (Hur et al., 2017). And the rumenic
acid is an intermediary formed during the biohydrogenation of linolenic acid and also the
great majority of rumenic acid in ruminant tissues originates from endogenous desaturation
of vaccenic acid (Groff Funck et al., 2006; Oliveira, Alves et al., 2017).

The biohydrogenation process is influenced not only by the amount and type of fat, but
also by the type and concentration of other bioactive substances, such as antioxidants
(Buccioni et al., 2012). It can be inferred that the phenolic compounds of CNSL have
impaired the last step of biohydrogenation (conversion of vaccenic acid into stearic acid) this
also justifies the high values of vaccenic acid and the non-alteration of stearic acid, as well as
the low values of rumenic acid (Vasta et al., 2010).

The other MUFAs presented themselves in the form of 7—18:1 isomer, which is in
accordance with what the literature says about the composition of fatty acids prevalent in
meat from ruminants (Schmid, 2010). However, the sum of all monounsaturated fatty acids
(3 MUFA) was greater than the total of saturated fatty acids. With this, one can infer a good

nutritional quality of the lipid fraction of lamb meat used in this study.
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For polyunsaturated fatty acids (D_PUFA), the diet control and with the inclusion of
CNSL showed similar averages. Comparing the sums of the Y SFA, > MUFA and ) PUFA, it
can be seen that the Y PUFA had lower concentrations. This is normal behavior and is
justified by the very nature of the species. In these animals, part of the unsaturated fatty acids
originated from the diet is saturated through the process of ruminal biohydrogenation, as a
way to neutralize their toxic effect on ruminal microorganisms (Bauman et al., 2011; Oliveira
et al., 2013).

Regarding the > PUFA: > SFA index, which is used to evaluate the nutritional value of
the fat ingested in the human diet, the average value found for this index was of 0.13. It is
observed that the inclusion of CNSL did not promote the increase of these values, not
reaching values closer to those recommended, which should be above 0.45, to prevent the
emergence of diseases associated with saturated fat intake (Alfaia et al., 2010; Gesteira et al.,
2018).

There was no interference in the relationship of the PUFA w-6/®-3, however, the values
presented are high, as according to Wood, Enser, Fisher, Nute, and Sheard (2008) values of
up to 4.0 are the desirable amounts in the human diet for the prevention of cardiovascular
risks. These unaltered values are due to the absence of effect on linoleic acid and a-linolenic
acid, which are, respectively, the main PUFAs n-6 and n-3, and the n-6/n-3 ratio of the meat
depends largely on the C18: 2n-6/C18: 3n-3 ratio in the diet (Raes et al., 2004).

The inclusion of CNSL in the diet of lambs promoted a reduction in the values of the
relation between hypocholesterolemic and hypercholesterolemic (h:H) fatty acids, which
obtained an average of 1.75. The relation between hypocholesterolemic and
hypercholesterolemic (h:H index) fatty acids is related to the beneficial lipids found in lamb
meat and represents the functional effects of fatty acids on cholesterol metabolism, and values
up to 2.0 do not characterize a risk to human health, therefore the values found are considered
satisfactory (Anderson and Ma, 2009; Arruda et al., 2012; Parodi, 2016).

The atherogenicity (Al) and thrombogenicity (TI) indexes were not influenced by the
increase of the CNSL, which presented averages of 0.60 and 1.47 respectively, being within
the values considered adequate (Ulbricht and Southgate, 1991). This result is justified due to
the fact that the values of the fatty acids C14:0 and C16:0 have not been altered either (Costa
et al., 2018; Gama et al.,, 2020). The AI and IT indexes are correlated with serum
concentrations of LDL and HDL and the lower the values of Al and TI, the greater the

amount of antiatherogenic acids and greater the potential for preventing the emergence of
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coronary diseases , demonstrating that the CNSL can improve the nutritional quality of the
meat (Arruda et al., 2012; Faria et al., 2014, Ribeiro et al., 2018; Lima et al., 2018; Gesteira
et al., 2018).

S. Conclusion

The inclusion of cashew nut shell liquid (technical CNSL) in the diet of lambs replacing
for ground corn in the concentrate up to the level of 1.5% of DM improved DMI and
consequently performance of the lambs and the general characteristics of meat quality. The
inclusion of CNSL did not affect the instrumental parameters of pH, loss by cooking, color,
water retention capacity and shear strength and did not cause negative effects on chemical
aspects such as protein, ether extract, moisture and ash of lamb meat.

In addition, the inclusion of the antioxidant oil slightly changed the profile of fatty acids
in meat, since there was no change in saturated fatty acids, mono- and polyunsaturated, as
well as no increase in the sums and relations between FA, the Al and TI indexes and the
nutraceutical index h:H. And despite the increase in the sum of Y MUFAtrans, the vaccenic
acid (C18:1c-11) was in greater quantity among them and this, despite being trans, is reported

regarding its beneficial effects on health.
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Table 1
Ingredients and chemical composition of the experimental diets

Cashew nut shell liquid (%DM)

Item
0 0.75 1.5 2.25

Proportion of Ingredients (g/kg DM)

Tifton-85 hay 400 400 400 400

Soybean meal 174 174 174 174

Ground corn 411 403.5 396 388.5

Cashew nut shell liquid (CNSL) 0 7.5 1.5 22.5

Mineral mixture® 15 15 15 15
Chemical composition (g/lkg DM)

Dry matter (g/kg as fed) 877 878 879 880

Crude ash 56.7 56.6 56.5 56.4

Crude Protein 132 132 132 1321

Ether extract 19.2 26.4 33.6 40.9

Neutral detergent fiberapb 373 372 371 370

Nonfibrous carbohydrate 418 412 407 401

Total digestible nutrients 693 701 708 716

?Assurance levels per kilogram of product: 220 g Ca, 163 gP, 12 g S, 12.5 g Mg, 2 mg Zn,
3500 mg Cu, 3640 mg Mn, 310 mg Co, 1960 mg Fe, 280 mg I, 9000 mg Zn, 1630 mg Fl, 32
mg Se.

®Corrected for ash and protein

Table 2

Fatty acid composition of the ingredients and experimental diets

Cashew nut shell liquid (CNSL; %DM)

Fatty acids CNSL
0 0.75 1.5 2.25
Total fatty acids (g/100 g fed) 3.78 3.99 3.98 3.63 1.22
Saturated fatty acids (SFA; g/ 100 g FAME)
C6:0 0.01 0.02 0.02 0.03 0.00
C8:0 0.02 0.07 0.05 0.06 0.12
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C10:0 0.17 0.49 0.31 0.25 0.47
C12:0 0.17 0.39 0.18 0.16 0.43
C14:0 0.60 1.32 0.52 0.50 1.77
C16:0 15.92 17.16 15.38 15.34 15.97
C18:0 3.38 3.24 3.03 2.95 5.76
Monounsaturated fatty acids (MUFA; g/ 100 g FAME)
Cl16:1 0.45 0.49 0.47 0.37 8.22
C18:1 n-9 30.66 29.81 30.96 29.92 14.32
Polyunsaturated fatty acids (PUFA; g/ 100 g FAME)
C18:2 n—6 42.38 40.79 42.93 44.44 10.82
C18:3 n-3 1.88 1.74 1.77 1.97 2.83
C20:4 n—6 0.03 0.04 0.04 0.00 0.77
> SFA 20.3 22.7 19.5 19.3 24.50
> MUFA 31.1 30.3 314 30.3 22.54
> PUFA 443 42.6 44.7 46.4 13.57
Table 3
Growth performance and meat quality of lambs fed with diets containing technical cashew nut
shell liquid (CNSL)
Cashew nut shell liquid (%DM) P- value®
Item SEM*
0.00 0.75 150 225 L Q
Dry matter intake (g/day) 1270 1480 1310 1330 0.076  0.98 0.034
ADG (g/d) 256 267 266 253 0.014  0.89 0.016
Slaughter body weight (kg) 46.2 474 478 454 140 0.68 0.002
Chemical composition (g/100 g meat)
Moisture 74.4 743 744 748 0.29 0.29 0.32
Dry matter 25.6 257 256 252 0.29 0.29 0.32
Protein 21.5 21.2  20.1 185 0.25 <0.0001 0.058
Lipids 2.51 306 328 265 0.18 041  0.0021
Crude ash 1.77 1.99 1.77 1.79  0.10 0.72 0.35
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pH 24n 5.36 535 540 539 0.09 0.61 0.98
Water holding capacity % 29.2 29.1 264 268 1.23 0.07 0.81
Cooking weight loss % 28.2 28.1 293 309 1.54 0.10 0.48
WBSF® (kgflcm?) 1.63 1.81 1.53 1.97  0.10 0.13 0.24
Color indexes
Luminosity (L*) 38.8 389 379 374 0.78 0.13 0.74
Redness (a*) 14.3 139 152 159 037 0.0008 0.14
Yellowness (b*) 3.98 371 448 402 034 0.53 0.78
Chrome (C¥*) 14.8 144 159 164 037 0.0006 0.17

48SEM = standard error mean
®Significant at P < 0.05; L = Linear and Q = Quadratic
‘WBSF = Warner-Bratzler shear force

Table 4
Fatty acid profile (g/100 g FAME) do longissimus lumborum of lambs fed with diets containing
technical cashew nut shell liquid (CNSL)

FA (/100 ¢ FAME) Cashew nut shell liquid (%DM) — P- value®
0.00 0.75 1.50 2.25 L Q

Saturated fatty acids (SFA)
C4:0 0.02 0.02 0.02 0.02 0.002  0.341  0.989
C6:0 0.01 0.01 0.01 0.01 0.002  0.252 0.958
C8:0 0.04 0.04 0.05 0.04 0.005 0.540 0413
C10:0 0.24 0.24 0.29 0.24 0.032 0.873 0478
C12:0 0.15 0.15 0.15 0.25 0.052  0.182 0.341
C14:0 1.95 1.79 1.92 1.94 0.111 0.812  0.428
C15:0 0.26 0.25 0.24 0.26 0.019 0.823 0.561
C16:0 23.79 22.96 23.37 23.72 0.498 0935 0.248
C18:0 13.37 14.35 13.93 14.13 0.653  0.536  0.555

Monounsaturated fatty acids (MUFA)
Cl4:1 0.08 0.06 0.07 0.07 0.009 0.734 0.279
Cl6:1 2.21 1.90 2.10 2.13 0.101 0.910 0.108
C18:1t-9 0.46 0.32 0.53 0.33 0.071 0.576  0.638
C18:1r-11 0.96 1.47 1.41 1.32 0.145 0.133  0.054
C18:1¢-9 41.78 41.74 41.05 39.38 0.781 0.031  0.305
Cl18:1c-11 1.23 1.14 1.24 1.30 0.059  0.029 0.751

Polyunsaturated fatty acids (PUFA)
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C18:2n—6 3.63 3.49 3.37
C18:2¢-9t-11 0.37 0.36 0.34
C18:2t-10-c-12 0.04 0.05 0.04
C18:3n-3 0.39 0.39 0.36
C20:4 n—6 1.08 1.10 1.86
Group sums
> SFA 39.87 39.84 40.01
> MUFA 46.63 46.65 46.42
> MUFAcis 45.21 44.85 44.47
> MUFAtrans 1.42 1.80 1.94
> PUFA 5.54 5.40 5.32
> n—-o6 4.72 4.59 4.56
> n-3 0.39 0.39 0.36

3.72
0.30
0.05
0.39
1.40

40.64

44.55

42.89
1.66
5.87
5.12
0.39

0.369
0.030
0.007
0.033
0.153

0.629
0.714
0.758
0.141
0.524
0.483
0.033

0.937
0.085
0.546
0.824
0.149

0.386
0.055
0.042
0.198
0.704
0.595
0.824

0.519
0.491
0.989
0.621
0.519

0.611
0.201
0.428
0.029
0.520
0.485
0.621

48SEM = standard error mean

®Significant at P < 0.05; L = Linear and Q = Quadratic

Table 5

Fatty acid composition and health indexes (mg/100 g of longissimus lumborum muscle) of
lambs fed with diets containing technical cashew nut shell liquid (CNSL)

Cashew nut shell liquid (g/kg DM P- value®
FA (mg/100 g meat) 0 075 '50(’1 £ 2'2)5 SEM* — 5
Saturated fatty acids (SFA)
C4:0 0.67 0.65 0.63 0.62 0.066 0.542 0.894
C6:0 0.30 0.33 0.34 0.38 0.056 0.286 0.884
C8:0 1.04 1.20 1.30 1.20 0.162 0.442 0.439
C10:0 6.43 6.11 7.49 6.04 0.798 0.950 0.489
C12:0 3.92 3.78 3.88 6.48 1.322  0.198 0.305
C14:.0 50.62 45.49 49.73 49.02 2.815 0.961 0.400
C15:0 6.93 6.54 6.44 6.63 0.495 0.582 0.483
C16:0 61693 58442 605.10 598.26 15.347 0.603 0.401
C18:0 346.56  365.77 360.89 357.15 18.619 0.750 0.544
Monounsaturated fatty acids (MUFA)
Cl4:1 2.17 1.62 1.80 1.87 0.250 0.502 0.193
Cl6:1 57.43 48.25 54.53 53.74 2433  0.654 0.094
C18:1t-9 11.93 8.19 13.78 8.41 1.789 0.520 0.636
C18:1t-11 24.99 37.44 36.64 33.48 3.686 0.150 0.046
C18:1 ¢c-9 1082.58 1063.94 1063.01 993.81 28.010 0.045 0.377
C18:1 c-11 29.09 29.07 32.02 32.77 1.328 0.028 0.775
Polyunsaturated fatty acids (PUFA)
C18:2n—6 94.30 88.85 87.24 93.85 9407 0.943 0.523
C18:2 c-9-t—11 9.68 9.28 9.04 7.54 0.776  0.068 0.485
C18:2 t-10-c-12 1.16 1.21 1.16 1.32 0.179 0.608 0.779
C18:3 n—3 10.28 9.94 9.34 9.86 0.856 0.631 0.615
C20:4 n—6 28.28 27.98 30.42 35.40 3762 0.172 0.491
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Group sums and ratios
> SFA
> MUFA
> MUFAcis
> MUFAtrans
> PUFA
> n—6
>n-3
> MUFA:SFA
> PUFA:SFA
>n—6:>n-3
Heath indexes
Desirable FA
h:H®index
Atherogenicity index
Thrombogenicity
index
Enzymatic activity
A’desaturase (C16)
A’desaturase (C18)
Elongase

1033.42
1208.21
1171.28
36.93
143.73
122.60
10.28
1.17
0.14
12.36

1698.51
1.77
0.61

1.45

8.52
75.80
67.91

1014.33
1188.53
1142.89
45.64
137.28
116.83
9.94
1.17
0.13
11.83

1691.58
1.83
0.58

1.45

7.62
74.42
69.29

1035.82
1201.80
1151.37
50.43
137.23
117.67
9.34
1.16
0.13
12.48

1699.93
1.75
0.60

1.47

8.26
74.68
68.30

1025.81
1124.10
1082.20
41.89
147.99
129.26
9.86
1.09
0.14
12.96

1629.23
1.68
0.63

1.53

8.26
73.65
67.40

23.115
26.489
27.292
2.462
13.178
12.165
0.856
0.024
0.014
0.805

31.51
0.049
0.018

0.033

0.334
0.872
0.739

0.989
0.057
0.049
0.218
0.831
0.705
0.631
0.029
0.859
0.503

0.175
0.083
0.264

0.121

0.932
0.128
0.419

0.846
0.281
0.462
0.021
0.521
0.483
0.615
0.172
0.536
0.539

0.326
0.102
0.125

0.436

0.193
0.840
0.115

“SEM = standard error mean; "Significant at P < 0.05; L = Linear and Q = Quadratic
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CONCLUSAO GERAL

A inclusdo do liquido da casca da castanha do caju (LCC técnico) pode ser
recomendada até o nivel de 1,5% na alimentagdo dos cordeiros como uma fonte de energia
alternativa para melhorar o desempenho dos animais e as caracteristicas fisicas e quimicas da
carne, pois até esse nivel de inclusdo na matéria seca promoveu um ganho de peso didrio
adequado, ndo reduzindo o consumo e melhorando o desempenho dos animais e as
cacacteristicas gerais da qualidade da carne.

A inclusao do LCC nido afetou os parametros instrumentais de pH, perda por cocgao,
cor, capacidade de retencdo de dgua e forca de cisalhamento e ndo ocasionou efeitos negativos
sobre os aspectos quimicos como proteina, extrato étereo, umidade e cinzas da carne.

Além disso, a inclusdo do 6leo pouco alterou o perfil de 4cidos graxos da carne, em
vista que nao houve alteracdo nos acidos graxos saturados, mono- e poli-insaturados, bem
como ndo houve aumento nas somas e relacdes entre os AG, os indices IA e IT e nos indices
nutracéutico h:H. E apesar do aumento no somatdrio de Y AGMlItrans, o dcido vacénico
(C18:1c—11) foi em maior quantidade entre eles e este apesar de trans é relatado em seus
efeitos benéficos na sadde. Com isso a carne dos cordeiros desse experimento pode ser
considera saudavel.

Ficou demonstrado que manipulacdo de dieta dos ruminantes, com a utilizacdo desse
Oleo funcional, € justificdvel, pois além do fornecimento de energia aos animais, favorece
modificagdes desejaveis a carne, ndo alterando de forma negativa o perfil de dcidos graxos e
todos os fatores que exercem influéncia sobre a qualidade da carne. Porém, deve ser
considerado o impacto da inclusdo desses produtos no metabolismo ruminal, levando-se em

conta o nivel de inclusao.
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