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RESUMO GERAL

Objetivou-se avaliar se a altura de pastejo modifica as caracteristicas da carcaga e da
carne, qualitativa e quantitativamente, de 72 bovinos machos castrados da raga Nelore
submetidos a diferentes alturas de pastejo (15, 30, 45 e 60 cm) de Brachiaria brizantha
cv. Xaraés (capim xaraés), durantes dois anos, com inicio em Novembro de 2011 e
término em Junho de 2013. O experimento foi realizado em Cidade Gatcha, na Fazenda
46, em pasto previamente adubado com cama de frango e ureia. Os animais
permaneceram em piquetes de 1 hectare, com pastejo continuo, sob lotagdo variavel,
com o delineamento experimental inteiramente casualizado, sendo trés piquetes para
cada altura, e trés animais em cada piquete (além dos animais reguladores de altura),
totalizando 9 repeti¢des por tratamento. Vinte e quatro horas apos o abate foram
realizadas andlises qualitativas e quantitativas, tanto da carcaga quanto da carne dos
animais (utilizando o musculo Longissimus) ¢ a influéncia ocorreu devido a mudanga
nos anos experimentais para as seguintes variaveis: espessura de perna (24,89 cm ano I,
23,98 cm ano II), comprimento de perna (91,46 cm ano I, 88,14 cm ano II),
comprimento de carcaca (129,64 cm ano I, 121,83 c¢cm ano II), grau de acabamento
(menor valor 2,75, ano I, 60 cm de altura), conformagao (3,17 pontos ano I, 2,83 pontos
ano II), espessura de gordura (4,19 mm ano I, 3,21 mm ano II), porcentagem de gordura
(23,77% ano 1, 26,53 ano II), porcentagem de osso (16,74% ano I, 19,85% ano II),
porcentagem de musculo (60,13% ano I, 53,63% ano II), pH (5,94 ano 1, 5,77 ano 1),
luminosidade (L*, 33,32 ano I, 35,46 ano II), intensidade de vermelho (a*, 12,42 ano I,
16,18 ano II), intensidade de amarelo (b*, 8,13 ano I, 8,86 ano II), croma (C*, 14,81 ano
I, 18,46, ano II), e tonalidade (h°, 33,34 ano I, 28,70 ano II). A variagdo na altura de
pastejo modificou o perfil dos acidos graxos: &cido laurico (ponto de minima 0,34%,
35,40 cm de altura), acido linoleico conjugado (0,13%, 37,6 cm de altura), acido
miristico (efeito linear negativo), acido eicosadienoico (ponto de minima 1,39%, 30,90
cm de altura), acido heptadecenoico (menor valor de 0,85%, 30 cm de altura) e o 4cido

oleico (maior valor 39,71%, 30 cm de altura), ndo foram similares entre as alturas de



pastejo. A porcentagem de 6mega 3 (n-3) e 6mega 6 (n-6) foram maiores e melhores na
altura de 30 cm de pastejo, com valores de 2,61% e 8,32%, respectivamente. A
produgdo de bovinos a pasto baseado no manejo das alturas de pastejo em sistema
continuo oferece vantagens adicionais, considerando-se que este uso ¢ interessante para
minimizar os custos de producdo, maior estabilidade de producgdo, na reducao da
dependéncia a fatores externos, maior utilizagdo das condi¢des naturais de clima e solo,
promovendo sistema de produgdo sustentavel. O manejo da altura de pastejo entre 30 e
45 cm modifica a carcaca de bovinos Nelore e melhora, no musculo Longissimus, os
niveis de acidos graxos relevantes a saude humana, como os acidos: laurico, linoleico
conjugado, miristico, eicosadienoico, heptadecenoico e oleico, além dos teores de n-3 e

n-6.

Palavras-chave: Brachiaria brizantha, manejo de bovines, musculo Longissimus, perfil

de 4cidos graxos, alimento saudavel



GENERAL ABSTRACT

The objective was to assess whether the grazing height modifies the characteristics of
carcass and meat, qualitatively and quantitatively, of 72 Nellore cattle submitted to
different grazing heights (15, 30, 45 and 60 cm) of Brachiaria brizantha cv. Xaraés
(xaraés grass) for two years, starting in November 2011 and finishing in June 2013. The
experiment was lead in Cidade Gaucha City, Parand, Brazil South, at Farm 46, in a
pasture previously fertilized with poultry manure and urea. Animals were kept in
paddocks of 1 hectare with grazing under continuous variable stocking, in a completely
randomized design with three pickets at each height, and three animals in each paddock
(beyond the height regulators animals), totaling 9 replicates per treatment. Twenty-four
hours after slaughter qualitative and quantitative analyzes of the carcass and the animal
meat (using the Longissimus muscle) were performed and the influence was due to
change in the experimental years for the following variables: leg thickness (24.89 cm
year I, 23.98 cm year II), leg length (91.46 cm year I, 88.14 cm year II), carcass length
(129.64 cm year I, 121.83 cm year II), degree of finishing (lower value 2.75, year I, 60
cm), conformation (3.17 points year I, 2.83 points year II), fat thickness (4.19 mm year
I, II year 3.21mm), fat percentage (23.77% year I, II 26.53 years), bone percentage
(16.74% year I, 19.85% year II), muscle percentage (60.13% year I, 53.63% year II),
pH (5.94 year I, 11 5.77 year), lightness (L*, 33.32 years I, II year 35.46 ), redness (a*,
12:42 year I, 1I year 16:18), yellowness (b*, 8:13 year I, II 8.86 year), chroma (C*,
14.81 year 1, 18:46, year II) and hue (h°, 33.34 years I, II 28.70 years). There were also
changes in the profile of the fatty acids: lauric acid (minimum point 12.34% at 35.40
cm), conjugated linoleic acid (12.13% at 37.6 cm height), myristic acid (negative linear
effect), eicosadienoic acid (minimum point 1.39% at 30.90 cm) heptadecenoic acid
(lowest value of 0.85%, 30 cm) and oleic acid (greater value 39.71%, 30 cm) were not
similar between the grazing heights. Percentage of omega-3 (n-3) and omega-6 (n-6)
were higher and best at 30 cm grazing, with values of 2.61% and 8.32%, respectively.
The production of grazing cattle based on the management of grazing heights in

continuous system offers additional advantages, considering that this usage is



interesting to minimize production costs, greater stability of production, reducing
dependence on external factors, increased use of natural conditions of climate and soil,
what promotes a sustainable production system. The management of grazing height
between 30 and 45 cm modifies the carcass of Nellore cattle at Longissimus muscle and
improves the fatty acid levels relevant to human health, such as acids: lauric, conjugated
linoleic, myristic, eicosadienoic, heptadecenoic and oleic, beyond the levels of n-3 and

n-6.

Keywords: Brachiaria brizantha, cattle management, Longissimus muscle, fatty acids

profile, healthy food



CONSIDERACOES INICIAIS

Atualmente, o Brasil se tornou o maior exportador de carne bovina e a produgdo
esta baseada em animais criados a pasto, sendo o Bos taurus indicus o grupo genético
mais utilizado no pais, dada a excelente adaptacdo climatica e também as forragens.
Segundo dados do relatério anual de pecudaria da USDA (2014), a previsdo ¢ de que em
2015 o Brasil alcance o nimero de 212.717 milhdes de cabecas de gado, sendo que o
rebanho de bovinos terminados a pasto corresponde a 85% desse valor. A producdo
intensiva de bovinos a pasto possibilita menores custos de producdo da carne, além da
geracdo do produto sauddvel com qualidade nutricional elevada e de grande apelo
mercadoldgico, o “boi verde” (Bridi et al., 2011).

A produgdo a pasto, visando carne com qualidade, depende da quantidade e do
valor nutricional da forrageira ofertada aos animais. Bressan et al. (2011) e French et al.
(2000) observaram que animais que consumiram exclusivamente gramineas
apresentaram menor quantidade de acidos graxos saturados na carne, e os teores de
acidos graxos insaturados, principalmente os poli-insaturados, foram maiores,
resultando em valores maiores da razio de Acidos Graxos Poli-insaturados por Acidos
Graxos Saturados (AGPI/AGS). Estes resultados apontam que a carne de bovinos
produzidos em pastagem apresenta melhor perfil de acidos graxos, trazendo beneficios
para a satide humana.

A carne bovina ¢ saudavel fonte de vitaminas, minerais, proteinas e energia, € o
mercado mundial comercializa em média 13 milhdes de toneladas de carne fresca,
resfriada e processada (ANUALPEC, 2013), o que corresponde a 26% da producdo

mundial.



I- REVISAO BIBLIOGRAFICA

1. Brachiaria brizantha cv. Xaraés

As espécies do género Brachiaria foram introduzidas no Brasil em 1952 e
atualmente ocupam a maior area de pastagens destinadas a bovinocultura (Fonseca et
al., 2010). As pastagens tém sido a base alimentar para a produgao bovina no Brasil e
existe a tendéncia continua em aumentar as areas de pastagens cultivadas, que sdo mais
produtivas e de qualidade superior. Dos 170 milhdes de hectares de pastagens, 100
milhdes sdo de pastagens cultivadas e 70 milhdes sdo formados por pastagens naturais;
80% dessa area sdao formadas pelo género Brachiaria, sendo a maior area localizada no
Centro-Oeste (Valle et al., 2001; Fonseca et al., 2010). Os Estados de Goias e do Mato
Grosso do Sul, que possuem aproximadamente 73 milhdes de hectares de pastagens,
tem 51% de area formada com Brachiaria, 42% com espécies nativas e apenas 8% com
outras espécies (Macedo, 1995)

Brachiaria brizantha cv. Xaraés foi lancada pela Embrapa Gado de Corte em
2003, como boa opgdo a cultivar Marandu, especialmente por sua maior capacidade de
suporte e tolerdncia ao encharcamento do solo (Andrade, 2008), e nova opcao para a
diversificacao das gramineas forrageiras, que apesar de promover desempenho animal
inferior ao obtido com a cultivar Marandu, possui vantagens, como maior velocidade de
rebrotacdo e maior producdo da massa de forragem, o que garante mais alta capacidade
de suporte e maior produtividade por area (Euclides et al., 2005). A Brachiaria
brizantha cv. Xaraés, originaria do Burundi, na Africa, foi introduzida no Brasil na
década de 1980, por meio do convénio de cooperacdo firmado entre a Embrapa e o
Centro Internacional de Agricultura Tropical — CIAT. Avaliada por 15 anos (conforme
as etapas do Programa de Melhoramento Genético de Brachiaria coordenado pela
Embrapa Gado de Corte), recebeu o cédigo BRA 004308 e estd inscrita no Registro
Nacional de Cultivares do Ministério da Agricultura, Pecudria e Abastecimento com o

numero 04509 (BRASIL, 2008).



Poucos sdo os trabalhos cientificos contemplando estes aspectos, € na regido
Noroeste do Parand, tornando-se necessario gerar informacdes a respeito da produgdo
animal utilizando o cultivar Xaraé¢s, para o direcionamento do manejo adequado.
Galbeiro (2009), em seu estudo com diferentes intensidades de pastejo do capim xaraés,
concluiu que a producdo de forragem e as caracteristicas estruturais dos pastos mostram
que o capim-xaraés apresenta boa flexibilidade de manejo, devendo ser utilizado entre
30 e 45 cm de altura, dependendo dos objetivos de produgdo de forragem e metas de
desempenho animal.

No caso do capim xaraés, outro fator interessante que merece destaque ¢ o padrao
de acamulo de forragem resultante da estratégia de pastejo. Da Silva & Nascimento
Junior (2007) descrevem a melhor altura de manejo deste capim como sendo de 30 cm,
produzindo em média 3000 kg ha” de massa de forragem. A frequéncia de pastejo,
definida de forma adequada assegura producao de forragem em quantidade e bom valor
nutritivo, favorecendo o desempenho animal. Carloto et al (2011), analisando
diferentes alturas de capim xaraés, afirmaram que os teores de PB e DIVMO foram
maiores para o pasto manejado a 15 cm em comparagdao ao manejado a 45 cm, € o
manejado a 30 cm apresentou valores semelhantes aos das outras alturas, concluindo
que o menor valor nutritivo do pasto mantido mais alto provavelmente tenha sido
consequéncia da maior quantidade de folhas velhas presentes no dossel, uma vez que as
folhas rejeitadas pelos animais continuam a envelhecer.

Para que a producao animal seja eficiente e competitiva em sistemas de pastagens,
a planta forrageira deve ser utilizada de forma racional, por meio de praticas de manejo
sustentaveis que permitam alta produtividade e aproveitamento eficiente da forragem
produzida, gerando, assim, méxima produtividade animal (Gomide & Gomide, 2001). A
pastagem fornecida aos animais ¢ determinante na propor¢ao de acidos graxos poli-
insaturados na carne. A escolha das espécies forrageiras, o estagio fisiologico, a
disponibilidade de nutrientes e o manejo da pastagem podem alterar significativamente
esta proporcao; propor¢ao de folhas diminui com o envelhecimento da planta e o colmo
tem metade a um ter¢o da concentragdo de acidos graxos das folhas (Jarrige et al.,
1995).

A adubacgio nitrogenada também pode aumentar a concentragdo de dmega-3 em
gramineas, dado que os lipidios na forragem estdo predominantemente nas folhas, e o
aumento da disponibilidade de nitrogénio para a planta induz a biossintese de folhas

(Harfoot, 1981). French et al. (2000) demonstraram que a inclusdo de forragem fresca



nas dietas pode proporcionar maior deposicao de CLA nos tecidos. O mesmo nao foi

observado quando os autores utilizaram a silagem de milho como volumoso.

2. CARACTERISTICAS DA CARCACA DE BOVINOS

O abate de bovinos no Brasil atingiu novo recorde historico em 2014, com a
marca de 42.255 milhdes de cabecas abatidas. Esse valor representou aumentos de 5,3%
em relacdo ao trimestre imediatamente anterior, ¢ de 11,7% frente ao 2° trimestre de
2012 (IBGE, 2014). De acordo com Carvalho Junior et al. (2009), a avaliagdo da
carcaca ¢ a importante analise do desempenho alcancado pelo animal durante seu
desenvolvimento e ¢ determinada a partir do consumo, do ganho de peso, da conversao
alimentar e do rendimento de carcaca. O sistema de producdo de carne ¢ avaliado pelas
caracteristicas quantitativas e qualitativas da carcaca; as caracteristicas quantitativas sao
determinadas pelo rendimento, a composi¢cdo regional, a composi¢dao tecidual e a
musculosidade (Lucas, 2007). A qualidade da carne e a conformagdo da carcaga estdo
ligadas mais ao desenvolvimento muscular que ocorre durante o crescimento do animal
e a gordura de cobertura e peso corporal antes do abate, que ¢ pardmetro para a
classificagdo e pagamento das carcacas nos frigorificos brasileiros. (Fugita, 2010;
Missio et al., 2013).

O primeiro pesquisador a concluir que a estimativa da composi¢do da carcaga a
partir do corte de todas as costelas era bastante acurada foi Lush (1926). Apds seu
trabalho, Hopper (1944) propos a utilizagdo do corte da sec¢do da 9% a 11° costelas e néo
de todo o corte para maior precisdo na estimativa e menor depreciacdo da carcaga.
Posteriormente, foi definida a metodologia de Hankins & Howe (1946), para
determinagdo da composigdo fisica do corte da 9* a 11° costelas com a técnica que
estima com precisdo a composicao de carcaca de bovinos (Jorge & Fontes, 2001).

Segundo Costa et al. (2002), o peso de carcaga e o rendimento sdo as variaveis
mais utilizadas para comercializagdo pelos frigorificos. Di Marco (1998), comparando
machos e fémeas, encontrou melhores pesos de carcaca para machos e justificou que
poderia estar relacionado com o maior impeto de crescimento causado pelos hormonios
androgénicos, principalmente a testosterona. Restle et al. (2002) observaram que o
rendimento de carcaga quente € a caracteristica mais importante para o produtor, pois

esta diretamente relacionada com o valor comercial do animal. Para Brondani (2002), o



rendimento de carcaca ¢ de suma importadncia para o frigorifico, pois expressa a
musculosidade da carcaca.

A carcaca de boa qualidade deve apresentar quantidade de gordura suficiente para
garantir sua preservagdo e caracteristicas desejaveis para o consumo. A gordura
intramuscular (marmorizagdo) ¢ considerada a principal determinante da qualidade da
carne, confere sabor, suculéncia e aroma a carne bovina, e ¢ componente importante no

sistema de classificagdo de carcagas e na remuneragdo ao produtor norte-americano.

3. CARACTERISTICAS DA CARNE DE BOVINOS

O aumento da exigéncia dos consumidores pela qualidade dos produtos
alimentares forca para que as organizagdes desenvolvam instrumentos com maior
eficiéncia na seguranca, diferenciacdo e na agregacao de valor aos seus produtos (Spers,
2003). A produgao bovina em pastagens ¢ a forma competitiva e eficiente de produzir
carne de boa qualidade a baixo custo (Da Silva, 2009). Assim, empresas buscam a cada
dia normas proprias, a fim de garantir melhor qualidade do seu produto diferenciado e
sanidade ao consumidor final, com alto valor agregado (Barcellos, 2007). Segundo Saab
(1999), a diferenciagao da carne bovina gera confiabilidade do consumidor sobre estes
produtos, tendo em vista a superioridade e sua procedéncia garantida, significando que
o foco no consumidor permanece, para manter a confianga do produto comercializado.

Além da qualidade do produto, nos ultimos anos os consumidores procuram obter
informacdes mais detalhadas sobre a origem dos produtos (Zawadzki, 2013). A maciez,
juntamente com a cor da carne, sdo fatores importantes que afetam a aceitabilidade do
produto pelos consumidores (Igarasi, 2008). A terminacdo de animais a pasto
caracteriza-se por ser a técnica empregada em grande parte do territdrio nacional,
devido a disponibilidade de areas de forragem, o baixo custo e a praticidade associados
a esse sistema.

O desempenho animal, em pastagem, expresso em produgdo por unidade animal, é
condicionado por diferentes fatores como: genética, consumo de forragem, valor
nutritivo da forragem e eficiéncia na conversao da forragem consumida (Gomide &
Gomide, 2001). Animais terminados em pastagem apresentam colora¢do mais escura do
que animais confinados, e tal diferenca ¢ explicada devido a idades diferentes e
quantidade de exercicio fisico, o que aumenta a quantidade de mioglobina no musculo

(Bridi et al., 2011).
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4. ACIDOS GRAXOS

O consumo de gordura de origem animal ¢ frequentemente relacionado com
problemas de satde, com destaque aos problemas cardiacos. Entretanto, estudos
realizados recentemente demonstram que alguns isomeros de 4cidos graxos podem ter
efeitos benéficos, evidenciando desta maneira a necessidade de pesquisas que avaliem
os efeitos dos acidos graxos isoladamente. Com isso, tem havido interesse crescente
nas maneiras de manipular a composi¢ao de acidos graxos da carne, modificando a dieta
do animal.

A carmne dos animais produzidos a pasto normalmente apresenta elevada
concentracdo de acidos graxos poli-insaturados (6mega 3, C18:3), superior aos valores
minimos recomendados (Todaro et al., 2004). Geralmente, o volumoso contém maiores
niveis de acido linolénico (C18:3), precursor da série de acidos graxos Omega 3,
enquanto o concentrado contém maiores niveis de acido linoleico (6mega 6, C18:2),
precursor da série 6mega 6 (Ponnampalam et al., 2001). Pesquisas tém demonstrado
que bovinos produzidos em pastagem apresentam maior quantidade de 6mega 3 na
carne, enquanto que os alimentados com graos apresentam maior propor¢ao de d6mega 6
(Enser et al., 1998; French et al., 2000; Garcia et al., 2008; Bressan et al., 2011), pois as
gramineas possuem maior concentragdo de acidos linolénico (6mega 3), enquanto que
os graos sao ricos em acido linoleico (6mega 6).

De acordo com WHO (2003), maiores propor¢des de omega 3 na dieta em
humanos ¢ importante para evitar o aparecimento de doengas coronarianas, autoimunes,
cancer de mama, de préstata e de coélon e artrite reumatoide. Entretanto, ha poucos
trabalhos disponiveis que possibilitam caracterizar a carne bovina produzida a pasto.
Os resultados do estudo do perfil de acidos graxos de bovinos alimentados somente a
pasto e com diferentes quantidade de concentrados realizado por French et al. (2000)
foram que a carne de animais alimentados exclusivamente em pastagem apresentaram
menores porcentagens de acidos graxos saturados, maiores porcentagens de acidos
graxos insaturados, melhor (menor) relagdo dmega-6: dmega-3 e porcentagens mais
altas de 4cido linoleico conjugado (CLA).

O perfil de acidos graxos tem relevante importancia na determinagdo das
propriedades fisicas, quimicas e organolépticas dos alimentos. Segundo Van Soest
(1994), a constituicdo dos lipidios varia de 2 a 4 % na matéria seca da forragem e

consiste de glicolipidios e fosfolipidios, e os acidos graxos principais sdo os acidos
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linoleico e linolénico, enquanto a composi¢cdo dos lipidios nos 6leos de sementes ¢
principalmente triglicerideos que contém acido linoleico e acido oleico. A alteragdo no
perfil de 4cidos graxos ¢ interessante sob o ponto de vista de diminuir os riscos de
doencas coronarias, visto que os acidos de cadeia média (laurico, miristico e palmitico)
sao hipercolesterolémicos (Williams, 2000). Em produtos de origem animal, como a
carne bovina, podem ser encontrados compostos benéficos a saude, dentre os quais se
destaca o CLA, que apresenta propriedades anticarcinogénicas e repartidor de nutrientes

(McGuire & McGuire, 2000).

5. ACIDO LINOLEICO CONJUGADO (CLA)

O 4cido linoleico ¢ o 4cido graxo de cadeia longa considerado essencial, sendo
representado por C18:2 (9,12). O acido linoleico conjugado (CLA) nao ¢ uma molécula
unica, € sim a série de isOmeros posicionais € geométricos do acido linoleico com
duplas ligacdes que podem estar na forma cis ou frans, separadas apenas por uma
ligagdo simples de carbono (Medeiros, 2002). Existem inumeros isdmeros do acido
linoleico, mas tem recebido especial destaque o C18:2 cis-9, trans-11 (c9,tll),
conhecido também por acido ruménico, que apresenta propriedades anticarcinogénica e
o CI18:2 cis-12, trans-10 (c12,t10), potente repartidor de nutrientes, que pode ser
entendido como o composto capaz de redirecionar o destino dos nutrientes consumidos
geralmente entre a sintese de gordura e a sintese de proteina.

Nos produtos lacteos, mais de 80% do CLA encontra-se na forma de isomeros cis-
9 e trans-11, formas biologicamente ativas deste acido. Alimentos oriundos de bovinos,
ovinos e caprinos (carne e produtos lacteos) geralmente apresentam niveis de CLA entre
3a7mgg’ de gordura, que pode ser elevado em fungdo da dieta destes animais (Ip &
Pariza, 2005). Carne suina, de peixes, de aves e Oleos vegetais apresentam quantidades
de CLA em menores niveis, comparadas aos produtos dos ruminantes.

O efeito do CLA trans-10 cis-12 esté relacionado principalmente a alteragdo do
metabolismo de lipidios (Pariza et al., 2001), apresentando também a capacidade de
inibir a sintese de gordura no organismo, notavelmente pelo isdmero trans-10 cis-12,
que tem efeito na composicdo corporal. Alguns mecanismos t€m sido propostos para
explicar este efeito, dos quais se pode citar: diminui¢do da esterificagdo de acidos
graxos em triglicerideos, interferéncia do isomero trans-10 cis12 na diferenciagdo dos

hepatdcitos, diminuicao da lipogénese e aumento da lipolise (Hayashi, 2003).
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Geralmente as pastagens aumentam o contetdo de CLA na carne, quando
comparado ao fornecimento de racdo de mistura total ou forragens conservadas.
Animais alimentados a pasto também tém carne com maior quantidade de CLA do que
animais confinados. Este 4cido graxo tem importancia na nutricdo e saude humana, pois
podem agir como anticarcinogénico, antioxidante, antidiabético e imonuestimulatorio
(Bauman & Griinari, 2001). Em estudo desenvolvido por Realini et al. (2004), a
gordura intramuscular de animais a pasto teve maior concentracdo do total de CLA e
isomeros de CLA cis-9, trans-11 que animais alimentados com concentrado (5,3 contra
2,5¢e4,1 contra 2,3 mg CLA g de lipideo, respectivamente).

A utiliza¢do de pastagens na dieta dos animais, quando comparada a forragens
conservadas, apresenta maior efeito na concentragdo de CLA, sendo mais vantajoso
para os sistemas produtivos a pasto, pois além de minimizar custos de produgdo com
conservagao de forragens com maior estabilidade de produgdo, diminuir a dependéncia
de fatores externos, maior aproveitamento das condi¢des naturais de clima e solo, ainda
promove a sustentabilidade do sistema produtivo, oferecera o produto de melhor

qualidade nutricional.
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II - CARCASS AND MEAT QUALITY ASPECTS OF NELLORE BULLS ON

DIFFERENT GRAZING HEIGHTS OF XARAES GRASS

ABSTRACT

Quality of carcass and meat of 72 Nellore submitted to different grazing heights (15, 30,
45 and 60 cm) was evaluated in two experimental years with animals in paddocks with
grazing under continuous variable stocking. Twenty-four hours after slaughter carcass
measures were performed and pulled out a sample of Longissimus muscle for analysis.
Experimental year I was the best for leg thickness (24.89 cm year I, 23.98 cm year II),
leg length (91.46 cm year I, 88.14 cm year II) and carcass length (129.64 cm year I,
121.83 cm year II). Degree of finish showed interaction between experimental year and
grazing height, being the less in year I at 60 cm grazing height (2.75 points);
conformation was best in year I (3.17 points year I, 2.83 points year II), and best to 30
cm (3.11 points) and 45 cm (3.17 points) grazing height. Fat thickness was best for the
height of 60 cm (4.81 mm) grazing height and for the experimental year I (4.19 mm).
Percentage of fat to the height of 30 cm was lower (23.13%) than other treatments.
Between the years, the biggest bone percentage (16.74% year 1, 19.85% year II) value
was inversely proportional to the muscle percentage (60.13% year I, 53.63% year II),
and the amount of fat percentage was higher in year II (23.77% year I, 26.52% year II).
Values of pH (5.94 year I, 5.77 year 1), L* (33.32 year 1, 35.46 year II), a* (12.42 year

I, 16.18 year II), b* (8.13 year I, 8.86 year II), C* (14.81 year I, 18.46 year II) and h°
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(33.34 year I, 28.70 year II) showed similarity only when compared between treatments
and loss of water pressure was better in year II (26.69% year I, 24.75% year II). The
experimental year and the grazing heights modify the carcass of Nellore. Sixty cm
grazing height increase conformation, fat thickness, degree of finish and percentage of
fat.

Keywords: Brachiaria brizantha, bull management, fat thickness, fat percentage, meat

color, Longissimus muscle.

1. INTRODUCTION

Brazil has the world's largest commercial herd of 208 million head of cattle and
slaughtering 42.255 million in 2014 (IBGE, 2015). According to the Annual Livestock
USDA Report (2014) it is expected that in 2015 Brazil reaches the number of 212.717
million animals, with 85% of the cattle finished on pasture. The beef production in
pastures is a competitive and efficient way to produce good quality meat at low cost (Da
Silva, 2009) and there is a continuing trend in increasing the area of cultivated pastures
(African grasses), specially Brachiaria spp. and Panicum spp. (Ferraz and Felicio,
2010) which are more productive, adapted very well to Brazilian soil, and higher in
quality than the native pastures in Brazil.

Meat quality and carcass conformation are linked to fat deposition that occurs
during the growth of the animal, fat thickness and body weight before slaughter, which
is a parameter for the classification and payment of carcasses in Brazilian
slaughterhouses (Fugita, et al., 2012; Luis Missio, et al., 2013). Carcass with good
quality should provide sufficient amount of fat to ensure its preservation and desirable

characteristics for consumption (French ef al., 2000a), and it varies according to the diet
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of animals. Intramuscular fat (marbling) is considered the main determinant of meat
quality (Strydon et al., 2000), beyond it gives juiciness and flavor to beef.

The aim of this study was to evaluate aspects of the carcass and meat of Nellore
cattle submitted to different grazing height of xaraés grass (Brachiaria brizantha cv.

Xaraés) for two years.

2. MATERIAL AND METHODS

2.1. Local, animals and management

The experiment was lead in Cidade Gaucha city, Parana, southern Brazil, climate
Cfa (humid subtropical) (Koppen & Geiger, 1928), Sandstone Caiua (EMBRAPA,
2006), using the carcass and the Longissimus muscle of 72 Nellore bulls with an
average weight of 483 +£34.14 kg and slaughter age of 24 +0.9 months, which were
assigned to four treatments (15, 30, 45 and 60 cm grazing heights of Brachiaria
brizantha cv. Xaraés — xaraés grass) with nine replicates and two years (36 Nellore bulls
per year, half brother, same father), November/2011 to June/2012 and November/2012
to June/2013.

The area of 12 hectares (ha) was divided into 12 paddocks of 1.0 ha each, being
used three paddocks for every treatment. Table 1 shows the average values of xaraés
grass mass production and chemical composition of grazing among two experimental
years. Chemical analysis of soil to the plow layer is shown in Table 2 and climatic data
on rainfall (mm) and temperatures (°C) average (maximum and minimum in the period)
is shown in Figure 1. In 2011 (first semester), before the first trial, 60 kg ha” of
nitrogen (N) and 60 kg ha™ of potassium oxide (K20) were applied in the area, divided

into two applications and 4 t h™ of poultry manure in August (without the presence of
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animals). In October 2011 30 kg ha™' of N as urea was applied, in a single application.
In 2012, in the first half, before the second trial, 30 kg ha™ of N and 30 kg ha™ of K20
and 10 t h™" of poultry manure were applied in the area, split in two applications, in
August (without the presence of animals). In October 2012 30 kg ha™' of N as urea was
applied, in a single application.

For the experiment seventy-two Nellore bulls were used, divided into two trials
with 36 animals per test by trial period. In every test 36 animals were weighed and
assigned to four treatments (15, 30, 45 and 60 cm grazing height) and nine replicates per
treatment. Animals height regulators were also used, managed according to the
methodology described by Mott & Lucas (1952). Average weight of the animals at the
beginning of the experiment was 335 +25.4 kg (year 1) and 337 +25.0 kg (year II) and
age of 15 +0.9 months (both experimental years). Animals were weighed at the

beginning of the experiment and on the day of slaughter, after 12 hours of solid fasting.

2.2. Slaughter and analysis

Slaughter was preceded by stunning with air gun penetration, and bled
immediately after stunning by cutting the great vessels, following the humane slaughter
standards (BRASIL, 2000) in commercial slaughterhouse, 4.5 km far from the farm.
Mean age of animals was 23 +0.9 months and the weight was 483 +34.14 kg. Carcasses
were kept at 2-4° C for 24 hours; after this period, were removed and classified
according to the degree of conformation (convex, convex sub, straight, straight and
concave sub), which takes place in accordance with the development of muscle mass
that each presents; and the degree of finishing, that is the amount of fat distribution and
finishing classified into five categories: (1) — lack of fat cover; (2) - little fat cover; (3) -

mid fat cover; (4) - uniform fat cover; (5) — excessive fat cover (AMSA, 2001).
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Carcass length, Leg length and Leg thickness were measured according to De
Boer et al. (1974). The left half carcasses were cut between the 12" and 13" rib,
assessing the thickness of fat thickness and loin eye area in the Longissimus muscle.
These analyzes were performed using calipers and the results used to calculate the meat
yield in the carcass. Subcutaneous fat thickness was determined by exposing the
Longissimus muscle at the cutting region between the 12™ and 13" ribs with a caliper,
the rib length % from the bone. Loin eye area was determined in the Longissimus
muscle between the 12™ and 13™ ribs by tracing the outline of muscle in greaseproof
paper and the obtained design used to estimate the area of the loin in square centimeters
by point counting pattern.

Physical carcass composition (percentage of fat, muscle and bone), was
determined according to the Hankins & Howe technique (1946), adapted by Miiller,
Maxon & Palmer (1973). The final pH was determined 24 hours after slaughter, at the
time of the 12" rib, in Longissimus muscle of each left half-carcass with the aid of
digital potentiometer with penetration probe Testo 205.

Sample of Longissimus muscle was removed between the 10" and 12" rib in the
left half, to make the color analysis (L* - luminosity, a* - redness, b* - yellowness, C* -
chroma and h° - hue). Color was evaluated using a portable colorimeter to evaluate the
components L* (lightness), a* (red-green component) and b* (yellow-blue component)
by CIELAB system (Minolta, 1998). Values of a* and b* wereused to calculated

chroma (C *) [C=(a * 2 + b * 2) 1/2] and flesh tone (h*) [h =tan-1 (b*/a*)].

2.3. Statistical Analysis
It was used a completely randomized design with 4 treatments (grazing heights:

15, 30, 45 and 60 cm tall and 9 replicates), according to the model:
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Yig = p +a; + f; H(of) + ey

Yijx = observed value k on height i in year j

u = overall average

a; = effect of height i

p; = effect of year j

(af); = interaction effect of height i and year j

&jjk = error

The results were submitted to analysis of variance (ANOVA) using the SAS
software (SAS, 2011), version 9.3, and when significant were subjected to regression

analysis. Treatment means were compared by Tukey's t-test at 5% level of significance.

3. RESULTS

Between grazing heights the values to slaughter weight, hot carcass weight, leg
perimeter, leg thickness, leg length and carcass length were similar (p>0.05) (Table 3);
slaughter weight, hot carcass weight and leg length did not differ between experimental
years (I e II). Values of leg thickness (24.98 cm year I, 23.98 cm year II), leg length
(91.46 cm year I, 88.14 year II) and carcass length (129.64 cm year I, 121.83 cm year
IT) showed better results at experimental year I (p>0.01). Conformation (Figure 2) and
thickness of fat cover (Figure 3) of carcass responded quadratically with the point of
maximum of 3.17 points for conformation to grazing height of 38.59 cm and a point of
minimum 3.09 mm of thickness of fat cover to grazing height of 28.43 cm. The loin eye

area did not differ between the management of grazing heights (Table 4).



24

The experimental year I showed better results for conformation (3.17 points year
I, 2.83 points year II) and fat thickness (4.19 mm year I, 3.21 year II). Regarding the
loin eye area, the values were similar between years. There was an interaction between
treatment and year in relation to the degree of finishing (Table 5), indicating lower
result for the height of 60 cm at the first year, with 2.75 points. The percentage of fat in
the carcass showed a quadratic effect (Figure 4) in the treatment, with minimal point of
23.93% of fat and 31.31 cm of grazing height.

Percentages of muscle and bone in the carcass were similar between treatments,
however, between the years, the largest percentage of bone in the carcass value (16.74%
year 1, 19.85% year II) was inversely proportional to muscle (60.13% year I, 53.63%
year II), and fat percentage was higher in year II (23.77% year I, 26.53% year II) (Table
6). There was similarity only when compared between treatments, to values of pH (5.94
year I, 5.77 year 1), L* (33.32 year I, 35.46 year II), a* (12.42 year I, 16.18 year II), b*
(8.13 year I, 8.86 year II), C* (14.81 year I, 18.46 year II) and h® (33.34 year I, 28.70

year II), being better the experimental year II.

4. DISCUSSION

Researches carried out by assessing the carcass physical characteristics of the
animal entirely on pastures are scarce. There are studies involving supplementation at
pasture with pure cattle or crossbred cattle (Lana, et al., 2013; Luis Missio, ef al., 2013;
Menezes, et al., 2013) and carcass characteristics are influenced by the growth and
development of the animal, which can be defined as muscle growth and changes in
shape, respectively. There was no difference for slaughter weight and hot carcass

weight in animals between treatments (overall average 484.59 kg e 266.07 kg,
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respectively) and experimental years (overall average 484.58 kg e 262.87 kg,
respectively). Carcass characteristics are correlated with the final slaughter weight, then
it is expected that if there is no difference in final slaughter weight there won’t be any
difference for hot carcass weight. Vaz et al. (2013) and Milen & Arrigoni (2013)
evaluating similar weight and age at slaughter in Nellore found no differences for hot
carcass weight (273.0 e 280.0 kg, respectively) in animals fed different diets in feedlot.
This indicates that even with changes in the diet of Nellore, hot carcass weight is more
tied to the physiological characteristic development of race and correlated to the final
slaughter weight, which may or not be changed by the treatments which they were
subjected.

Data on leg length and leg thickness (Table 2) were similar to those observed by
Andreo, et al. (2013) when evaluated Nellore, but different for carcass length and leg
circumference when compared to the same authors with slaughter weight similar (484 +
34.14 kg) to this study. The difference between experimental years to the features leg
thickness, leg length and carcass length can be explained by different herd (half
brothers, same father); animals of year II had lower leg length (88.14 cm) than animals
of year I (91.46 cm). These results indicate that experimental year did not interfere in
our values, but the racial characteristics of the species, since the hot carcass weight was
similar in both years.

Conformation had a positive quadratic effect (Figure 2), with maximum point of
38.58 cm grazing height and conformation of 3.17, characteristic for straight carcasses,
which is the best value found for the variable in question. In general, the Nellore tends
to present this type of conformation (Miiller, 1987); the best result was obtained in year
two (3.17 points). Conformation can be considered as a qualitative factor, considering

that greater muscle hypertrophy animals provide cuts with better appearance (size) to
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the consumer, whereas the best carcass conformation tend to have lower proportion of
bone and most edible (Miotto, et al., 2012).

For fat thickness there was negative quadratic effect (Figure 4), with a minimum
point of 3.09 mm of fat thickness in grazing height of 28.43 cm, and the height of 60 cm
showed the best value (4.81 mm). It is observed that with increasing grazing time was
reduced fat thickness to the minimum point whereupon 28.43 cm above this point
caused an increase in the fat thickness. According to Miiller (1987), subcutaneous fat
should be at least 3.0 to 5.0 mm thickness for better conservation of the carcass and
cooling minimize damage (darkening and "cold shorting"), whereas the fat cover
behaves as insulation, directly affects carcass cooling rate.

All grazing heights evaluated in this study allowed coverage above 3.0 mm in the
carcass. Vaz, et al. (2013) reported lower values in this study for thickness of fat cover
in Nellore in pasture regime. The less competition for food may have favored the higher
fat thickness, because the density of animals in the treatments of 45 and 60 cm was
lower (mean of 4 and 3 animals, respectively) when compared to treatments of 15 and
30 (average of 9 and 6 animals, respectively), and they may choose the younger leaves
and better nutritional quality, and the nutritional quality of the plant is connected to the
nutrients in the soil.

In the first year the experimental area was fertilized with 4 tons of poultry manure
per hectare, with 2.3% N kg™ totaling, in addition to nitrogen fertilization carried out in
the area, 92 kg ha™ of N. In the second year, the organic fertilization was 10 tons of
poultry litter per hectare, with 2.3% N kg™, totaling an increase of 230 kg ha™ N, which
may have favored the best nutritional quality of forage, increased supply of fodder to
animals, and consequently better thickness of fat cover to the height of 60 cm. Several

studies have reported the importance of nitrogen fertilization in the morphogenesis and



27

tillering forage and nutritional quality (Cecato, et al., 2001; Pereira, et al., 2011;
Pereira, et al., 2012), as it boosts productivity in pastures, increasing the mass of forage
yield, the tiller number and the percentage of leaf blade, especially when the application
of this nutrient favors the forage, promotes an increase in fibrous tissue accumulation
and increase in the percentage of these in dry matter and crude protein of the plants.

The values of the interaction between treatments and year to degree of finishing
(Table 3) were similar in year II, however, treatment with greater height (60 cm) had the
lowest result in year 1. For fat percentage, the variation between the grazing heights was
26.84% to 23.13%, the highest value with best results for the animals submitted to the
height of 60 cm, showing negative quadratic effect with minimum point of 23.93% and
height grazing 31.31 cm, because the best fat deposition in animals subjected to this
treatment was due to better nutritional support of the upper strata of xaraés grass and
less competitive in the greater height.

No effect was observed (p> 0.05) of treatment in the percentage of muscle and
bone. However fat is necessary to protect the substrate during cooling (color,
dehydration, softness) and flavor. Under the same nutritional levels, carcass
composition varies in amplitude in the higher proportion of fat and reduced the
percentage of muscle and the bone and remains constant with little variation (Berg &
Walters, 1983).

Comparing the treatments, there was no difference for pH corroborating Vaz &
Restle (2005) that observed pH averages 5.51, similar (5.86) to that observed in this
experiment. The lowest pH value caused by muscle meat processing interacts with the
isoelectric point of myofibrillar proteins influencing their physical state and the

reflection of light from the muscle surface in cattle (Abril, et al., 2001). Muscle
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glycogen stores may also suffer influence of the type of diet and influence meat
tenderness by the final pH (Leheska, et al, 2002).

Realini, et al. (2004) and Fugita, et al. (2012) found no effects of diet in cattle for
pH values; those observed for diet and experimental year are close to the standard
considered normal by meat industry, between 5.4 and 5.8 (Zhang, et al, 2005). King, et
al. (2010) founded no genetic factors (half brothers) that explain variations in final pH,
suggesting that is more related to environmental conditions (Figure 1), which justifies
pH changes in year and explains the difference between experimental years (I and II).

Observed values of L* (34.41) are in agreement with values found by Page, Wulf
& Schowotzer (2001) which classified the beef in clear when L* is over 38 and dark
meat when L* is below 30. Brightness and color of meat are directly related to pH after
cooling. The pH value influences directly values of L*, a* b* C* and h*: lower pH
value present the best values, since it prevents the browning meat and higher pH value
present the lowest amount of lightness and the meat becomes darker, which is
undesirable for consumer. Lightness has a negative correlation with pH value, which
occurred in year II, with pH better (5.77) and higher brightness value (35.46). In the
following year the lowest pH (5.77) resulted in higher L* value, consistent with
literature data (Andreo, ef al., 2013; Kilig, ef al., 2014) that indicate negative correlation
between pH and color.

There was no difference for a* value between treatments, but the highest value for
year II corresponds to the best pH value (5.94 year 1, 5.77 year II). The meat pigments
are composed mostly of proteins, hemoglobin (blood pigment) and myoglobin, muscle
pigment that is 80 to 90% of the total and characterize the red color in the meat and
influence the value of a*. The consumer of beef associates the bright red color with

meat from young animals and animals finished on pasture seem to retain the color
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longer in their meat (Lima Junior, et al., 2012), since exercising (walking) on pasture
allow animals to have greater fiber development, and better blood supply (myoglobin),
which consist in meat more red.

The b* values between treatments were similar and represents the largest amount
of fat in meat, and in experimental year II this was higher, corresponding proportionally
(as the value of a*) to pH found in the year. The more yellow color of meat can be
related to the presence of a higher content of B-carotene present in the food, because the
more carotenes present, the greater the influence on this parameter. (Fugita, 2013).
Thus, intake of good quality pasture may have enabled a B-carotene reserve, which
characterize a more yellow flesh (Realini, et al., 2004; Zawadzki, Prado, & Prache,
2013) and animals finished on pasture produce meat with higher presence of
carotenoids (French et al., 2000b).

Chroma (saturation) of meat indicates purity of color, as this different from gray
color (bright color or matte) and is positively linked to the values of a* and b*, which
explains, in year two, the best value. Values of ¢* and h* are functions of a* and b*,
determining intensity of color, saturation or estimate actual darkening of the meat, and
usually meat discoloration process is accompanied by increased values ¢* and h* over

time (Lee, et al., 2005).

5. CONCLUSION

The 60 cm grazing height increase conformation, fat thickness, degree of finish
and percentage of fat. Experimental year modifies carcass and meat characteristics.
Management of pasture appears to provide additional advantages to productive

systems based on pasture, considering that the use of pasture is interesting to minimize
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production costs, higher production stability, reduced dependency of external factors,
greater use of natural conditions of climate and soil, what promotes a sustainable

production system.
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7. TABLES AND FIGURES
Table 1. Mass forage production (kg DM ha™' year) and chemical composition
(%) of Brachiaria brizantha cv. Xaraés at different grazing heights during the

experimental years.

Heights MEFP' DM Ashes  CP NDF ADF
15 4892.08 27.83 8.02 15.43 51.67 28.42
30 7300.10 28.78 8.64 17.21 50.80 27.25
45 9053.37 25.83 8.01 15.33 54.73 30.32
60 9704.55 26.95 7.00 15.02 53.11 29.98
Pvalue NS NS NS NS NS NS

YEAR 7424.99 28.70 8.03 15.35 52.70 29.19

YEARII 7050.25  27.35 7.92 15.75 52.58 28.99

Pvalue NS NS NS NS NS NS
Interaction NS NS NS NS NS NS
CV (%) 8.36 15.15 11.03 17.11 5.19 9.52

(kg DM ha™ year). MFP = mass forage production.; DM = dry matter; CP = crude protein; NDF = neutral detergent

fiber; ADF = acid detergent fiber. CV = coefficient of variation. NS = not significant.

Table 2. Soil analysis of the experimental area consists of xaraés grass held in depth of

0-20 cm at the beginning of the experiment.

Ca Mg Al H+Al K PK
pH (H,O) V %
cmoly/dm® mg/ dm’

5 1.4 0.4 0 1.3 0.25 3.21 61.4
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Table 3. Carcass physical characteristics of Nellore cattle on grazing heights of xaraés

grass.
Slaughter Leg Leg Leg Carcass
wieght Hot carcass perimeter thickness leght lenght
Grazing height (kg) weight (kg)  (cm) (cm) (cm) (cm)
15 472.44 252.37 105.55 24.07 89.64 123.85
30 493.83 271.7 112.05 24.61 80.39 126.86
45 487.78 260.13 105.53 24.24 89.53 126.14
60 484.27 267.19 111.20 24.76 89.53 125.89
Pvalue 0.4684 0.0970 0.4130 0.7874  0.8376  0.8125
YEAR
I 485.16 265.58 111.53 24.89A  91.46A 129.64A
II 484.00 260.16 107.65 23.98B  88.14B 121.83B
Pvalue 0.9054 0.2031 0.1934 0.0920  <0.0001 0.0002
Interaction 0.3319 0.1882 0.6545 0.1918  0.2058 0.9215

CV (%) 8.52 6.70 11.37 9.22 3.51 6.71

CV = coefficient of variation. Different letters in the same column indicate difference (P> 0.05)
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Table 4. Carcass physical characteristics of Nellore cattle on grazing heights of

xaraés grass.

Conformation' Loin eye area

Grazing height (cm) Fat thickness (mm) (cm?)
15 2.83B 3.42B 61.36
30 3.11AB 2.98B 66.60
45 3.17A 3.69AB 66.94
60 2.88B 4.81A 64.80
P value 0.0454> 0.00573 0.2850
YEAR

I 3.17A 4.19A 67.08
II 2.83B 3.21B 62.53
P value 0.0316 0.0057 0.1654
Interaction 0.8428 0.2947 0.3395
CV (%) 21.50 41.04 14.36

'points. 2 Y = 2,24536+0,0481699x+0,000624163x2. 3Y=4,40917-0,0938054x+0,00166832x>. CV = coefficient of variation.

Different letters in the same column indicate difference (P> 0.05).
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Table 5. Interaction between treatment and experimental year for degree of finishing

in Nellore cattle on grazing heights of xaraés grass.

Grazing height (cm)

15 30 45 60
YEAR
I 2.89Aa 3.22Aa 3.22Aa 2.75Ab
II 2.89Aa 2.83Aa 3.11Aa 3.44Aa

Capital letters differ in the column and lowercase letters differ in line (P>0.05). P>F 0.0499. Coefficient of variation (%) 18.93.

Table 6. Carcass components of Nellore cattle on grazing heights of xaraés grass.

Grazing height (cm) Bone (%) Muscle (%) Fat (%)
15 17.90 57.20 25.25AB
30 19.49 57.54 23.13B
45 18.00 56.86 25.48AB
60 17.75 55.67 26.84A
P value 0.0660 0.4507 0.0276'
YEAR

I 16.74A 60.13A 23.77B
I 19.85B 53.63B 26.52A
P value <0.0001 <0.0001 0.0022
Interaction 0.8889 0.9959 0.9384
CV (%) 11.76 5.52 14.16

'Y=27,8029-0,247330x+0,00394914x2. CV = coefficient of variation. Different letters in the same column indicate difference (P>

0.05).
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Table 7. Qualitative characteristics Longissimus muscle of Nellore cattle on grazing

heights of xaraés grass.

Grazing height

(cm) pH L*? a*’ b** c* ho°

15 5.84 34.62 14.05 8.41 16.41 31.25
30 5.86 33.84 14.57 8.61 16.95 31.08
45 5.88 34.49 14.34 8.32 16.60 31.31
60 5.84 34.69 14.37 8.67 16.81 31.32
Pvalue 0.9340 0.5553 0.9053 0.8386  0.9142 0.6058
YEAR

I 5.94B 33.32B 12.42B 8.13B 14.81B 33.34A
II 5.77A 35.46A 16.18A 8.86A 18.46A 28.70B
Pvalue 0.0018 <0.0001  <0.0001  0.0258  <0.0001 <0.0001

Interaction 0.2932 0.4465 0.3979 0.4495  0.3643 0.9974

CV (%) 3.57 548 14.74 15.46 14.24 8.67

"luminosity. 2redness. “yellowness. “croma. “hue angle. CV= coefficient of variation. Different letters in

the same column indicate difference (P>0.05).
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IIT - LONGISSIMUS MUSCLE CHEMICAL COMPOSITION AND FATTY ACIDS
PROFILE OF NELLORE CATTLE ON DIFFERENT GRAZING HEIGHTS OF

XARAES GRASS

ABSTRACT

Differences in chemical composition and fatty acid profile of Longissimus muscle in
Nellore cattle under different grazing heights (15, 30, 45 and 60 cm) of xaraés grass,
were tested. Animals were kept during the experiment in paddocks with grazing under
continuous variable stocking, in a completely randomized design. Longissimus muscle
sample was collected 24 h after slaughter and the chemical (moisture, ashes, crude
protein and total lipids) and fatty acids composition was quantified. Not significant
differences were found between treatments on moisture (73.56%), crude protein
(21.90%), ashes (1.02%) and total lipids (1.71%). Fatty acid profiles were different on
the percentages of lauric acid (12:0), heptadecanoic acid (17:1), oleic acid (18:1n9¢) and
eicosadienoic acid (20:2), being best in height of 30 cm grazing (0.36%, 0.85% 39.7%
and 1.83%, respectively); myristic acid (14:0) and conjugated linoleic acid (C18:2,c9-
t11) presented better value for the height of 60 cm grazing (4.04% and 0.23%,
respectively). Percentage of omega-3 (n-3) and omega-6 (n-6) were better at 30 cm

grazing, with values of 2.61% and 8.32%, respectively. Grazing height between 30 and
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45 cm improves the levels of fatty acids, important to human healthy, in Longissimus
muscle of Nellore cattle.

Keywords: Brachiaria brizantha, cattle management, grass, health, meat

1. INTRODUCTION

Brazil have 170 million hectares of grasslands, 100 million are cultivated pastures
(Fonseca, Santos, & Martuscello, 2010); 80% of cultivated pastures is formed by the
genus Brachiaria (Macedo, et al., 2014; Valle, Euclides, & Macedo, 2001).

Grazing height directly influences animal selectivity on pasture and feeding
behavior (Barbero, et al., 2013). Situations of low grazing (overgrazing) hamper the
animal selectivity, reducing the quality of the ingested diet; high pasture (sub-grazing)
disfavor forage quality, because the older the plant, the greater its lignification, and the
lower its nutritional value (Barbosa, ef al., 2013). As the plant reaches maturity, there is
an increase in fiber content, stem elongation and a decrease in the proportion of leaves,
besides the increase in the content of triacylglycerols in the seeds, and the lipid content
decreases determining reduction in the fatty acids content, mainly polyunsaturated
(Dewhurst, et al., 2001). Thus, situations of grazing height with balance between
productivity and quality are necessary to sustainable production system.

The way the forage is provided to the animals (fresh, ensiled or baled) is crucial in
the proportion of polyunsaturated fatty acids in meat. Fresh forage have a higher
concentration of linoleic acid (n-3), while grains are rich in linoleic acid (n-6) (Bressan,
et al., 2011). In their research, Realini, et al. (2004) reported that intramuscular fat of

grazing animals had a higher concentration of total CLA and CLA isomers cis-9, trans-
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11 than animals fed concentrate (5.3 compared to 2.5 and 4.1 to 2.3 mg CLA g- 1 lipid,
respectively).

Some fatty acids, particularly polyunsaturated, are used as feedstock for
substances that regulate immunity, contraction of the vessels, blood pressure and
hormones production (Kuss, et al., 2007). Fat of ruminant is natural source of these
fatty acids. Alteration in fatty acid profile is interesting to human health from the point
of view of reducing the risk of coronary heart disease, whereas saturated fatty acids are
hypercholesterolemic and the less percentage is better (Williams, 2000). According to
FAO (2008) higher proportions of omega-3 and polyunsaturated fatty acids in the diet
of humans is important to prevent the onset of coronary heart disease, autoimmune
diseases, breast cancer, prostate and colon cancer and rheumatoid arthritis.

England Department of Health (HMSO, 1994) recommends that the quantity
consumed must be less than four parts of omega-6 to omega-3 for human consumption.
However, there are few studies available that allow characterizing the beef produced on
pasture and the link between grazing heights and fatty acids profile of meat. The aim of
this study was to identify the grazing height that improves the profile of Longissimus

muscle fatty acids in Nellore cattle, from the perspective of human health.

2. MATERIAL AND METHODS

2.1. Local, animals and management

The experiment was lead in Cidade Gaucha city, Parana, southern Brazil, Cfa
climate (Koppen & Geiger, 1928), sandstone Caiud (EMBRAPA, 2006), using the
Longissimus muscle of 36 Nellore cattle with an average weight of 483 +34.14 kg and

slaughter age of 23 +0.9 months, which were assigned to four treatments (15, 30, 45 and
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60 cm grazing heights of Brachiaria brizantha cv. Xaraés — xaraés grass) with nine
replicates (November/2012 to June/2013).

The area of 12 hectares (ha) was divided into 12 paddocks of 1.0 ha each, being
three paddocks for every treatment. Chemical analysis of soil to the plow layer is shown
in Table 2 and climatic data on rainfall (mm) and temperatures (°C) average (maximum
and minimum in the period) in Figure 1. Table 1 shows the average values of xaraés
grass mass production and chemical composition. In 2012, in the first half, before trial,
30 kg ha™ of N, 30 kg ha™' of K,O and 10 t h™' of poultry manure were applied in the
area, split in two applications, in August (without the presence of animals). In October
2012, 30 kg ha™' of N as urea was applied, in a single application.

For the experiment 36 Nellore cattle were used, assigned to four treatments (15,
30, 45 and 60 cm grazing height) and nine replicates per treatment. Animals height
regulators were also used, managed according to the methodology described by Mott &
Lucas (1952). Average weight of the animals at the beginning of the experiment was
335 £25.4 kg and age of 15 +0.9 months. Animals were weighed at the beginning of the

experiment and on the day of slaughter, after 12 hours of solid fasting.

2.2. Slaughter and analysis

The slaughter was preceded by stunning with air gun penetration, and bled
immediately after stunning by cutting the great vessels, following the standards of
humane slaughter (BRASIL, 2000) in commercial slaughterhouse, 4.5 km far from the
farm. Mean age of animals was 23 +0.9 months, weighing 483 +£34.14 kg. The chemical
composition analysis for the determination of moisture, ash and crude protein of
Longissimus muscle was performed according to the methodology of AOAC (AOAC,

2012).
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Extraction of total lipids was carried out using the cold technique described by
Bligh & Dyer (1959). Samples were submitted to transesterification of triglycerides by
the technique of Hartman & Lago (1973). The fatty acid methyl esters were analyzed by
gas chromatography (Trace GC Ultra, Thermo Scientific, EUA) auto sampler equipped
with a flame ionization detector at 240 °C and fused silica capillary column (100 m
long, 0.25 mm intern diameter and 0,20 pm, Restek 2560). Identification of the fatty
acid sample was performed by comparison with the retention time of methyl esters of
fatty acids patterns of samples (Sigma, F.A.M.E. Mix, C4-C24) and the calculation of
peak areas determined by Chromquest 5.0 Clarity Lite software version 2.4.1.91. The
quantification of these fatty acids in mg g of total lipids was performed in relation to

the internal standard, methyl tricosanoate (Sigma).

2.3. Statistical Analysis
It was used a completely randomized design with 4 treatments (grazing heights:

15, 30, 45 and 60 cm tall and 9 repetitions), according to the model:

Yy =p toi+ g

Y = observed value j on height
u = overall average
o; = effect of height i

&;j = error
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The results were submitted to analysis of variance (ANOVA) using the SAS

software (SAS, 2011), version 9.3, and when significant were subjected to regression

analysis. Treatment means were compared by Tukey's t-test at 5% level of significance.

3. RESULTS

There was no effect (p> 0.05) of grazing heights for moisture, protein, ash and
amount of total lipids in meat (Table 3).

No effects were found on heights managements on composition of fatty acids,
except for percentages of lauric acid (12:0), myristic acid (14:0), heptadecenoic acid
(17:1), oleic acid (18:1n9c¢), conjugated linoleic acid (C18:2¢9t11) and eicosadienoic
acid (C20:2n6) (Table 4). The lauric acid (Figure 2) showed a quadratic effect
(minimum point, 0.34% at 37.36 cm grazing height) and myristic acid (Figure 3) had a
negative linear effect. Conjugated linoleic acid (C18:2¢9t11) (Figure 4) showed a
quadratic effect (minimum point of 0.13% and grazing height of 35.40 cm). Oleic acid
(C18:1n9c) had a higher percentage than other fatty acids (38.00% =+ 1.51) and its
highest values occurred in the treatment with 30 cm of grazing height (39.71%).
Eicosadienoic acid (C22:2n6) (Figure 5) had a quadratic effect with maximum point
1.39% at 30.90 cm grazing height.

There was no difference between the treatments to medium chain fatty acids
(MCFA) and long chain fatty acids (LCFA) (Table 5). To the heights, the values of
Omega-3 and Omega-6 have difference and the ratio Omega-6:0mega-3 were similar.
Between treatments the values to saturated fatty acid (SFA), monoinsaturated fatty acid
(MFA) and polyunsaturated fatty acid (PUFA) did not differ and the ratio PUFA:SFA

were similar.
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4. DISCUSSION

Values found for moisture, protein, ash and total lipids corroborate that reported
by Eiras et al. (2014) and Freitas (2014). According to Food Advisory Commitee (1990)
food containing up to 5% of fat may be considered feed with low fat content, which
ensures the consumption of meat evaluated for consumers seeking a healthier diet.

Data show that for the percentage of fatty acids, height 30 cm was more efficient,
showing the best values for lauric acid (C12:0) (0.36%). The myristic acid (C14:0) was
lower in height of 60 (4.04%) and 45 cm (4.16%). Palmitic acid (C16:0) do not show
difference. Lauric (C12:0), myristic (C14:0) and palmitic acid (C16:0) are undesirable
for the reason that they induce the increase of cholesterol (Maggioni et al., 2010; Souza
& Visentainer, 2006), being appointed as the main responsible for the
hypercholesterolemic effect of saturated fatty acids and increased low density
lipoprotein (LDL, or bad cholesterol) which are responsible for coronary heart disease.

To oleic acid (C18:1n9), the highest values were 30 cm in the treatment of pasture
height (39.71%). For the conjugated linoleic acid (CLA) (C18: 2¢9t11), the best times
were 15 (0.20%) and 60 cm (0.23%). The animal selectivity contributed to the higher
quality diet, since the leaves have greater amounts of fatty acids and lipids are
predominantly in fodder leaves (Jarrige, et al., 1995; Harfoot & Hazlewood, 1997,
Farruggia, et al., 2008;). Freitas, ef al. (2014) reported that grasses have around 50% of
linolenic and linoleic fatty acids in the lipid profile. As the plant reaches maturity, in
which there is an increase in fiber content, elongation of stems and leaves decrease in
the proportion, apart from increasing the triglyceride content of the seeds, the fat
content decreases determining drop in fatty acid content mainly polyunsaturated

(Dewhurst et al., 2001).



49

In this study, fatty acids with the highest percentage was oleic acid (38.00% +
1.51), supporting Rodrigues et al. (2004) and De Menezes et al. (2009). Diets with high
percentage of oleic acid provide reduction in the percentage of LDL, the ratio
LDL:HDL and total plasma cholesterol levels, showing a positive effect for human
health (Bonanome & Grundy, 1988). Consumption by humans of oleic acid has
anticarcinogenic effect, reduces atherosclerosis in restoration of insulin sensitivity,
modulation of the immune response and inhibition of tumor growth (FAO, 2008; Pariza,
Park, & Cook, 2001). For eicosadienoic acid (20:2) the height of 30 cm was more
efficient (1.83%) compared to other treatments. According to Simopoulos, Leaf, &
Salem Jr (1999), some fatty acids, especially polyunsaturated, serve as raw material for
substances that regulate immunity, blood clotting, contraction of the vessels and blood
pressure. Ruminant fat is some natural source of these fatty acids (French et al., 2000).

Adequate intake of polyunsaturated fatty acids should be between 6% and 11% of
total calories (FAO, 2008) and in 2000 kcal diets, this percentage corresponds to about
13 g to 24 g of polyunsaturated fats in total consumption. Percentages of saturated fatty
acids (SFA), monounsaturated fatty acids (SFA), polyunsaturated fatty acids (PUFA),
reason n6: n3 and AGP: AGS were not modified by xaraés grass grazing height. The
mean values were 51.53% of AGS, 41.03% of AGM, and 7.19% of AGP. In general,
SFA and MFS values are between 45 and 50% (Fugita, et al., 2012; Maggioni, et al.,
2010) and PUFA between 5 and 10% (Maggioni, et al., 2010; Rotta, et al., 2009). The
daily recommendation of SFA is 20g considering a diet for humans with four or more
years of age (Mura & Da Silva, 2007; ), but PUFA levels as CLA and eicosadienoic
acid, reduce serum LDL (Fuentes, 1998).

Ratio observed of PUFA:SFA were 0,15. This ratio has played an important role

in reducing the risk of heart problems (Wood et al., 2004), however, according to
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HMSO (1994), the recommended ratio PUFA:SFA is greater than 0.4. The higher n-3
(2.61%) and n-6 (8.32%) content occurred in grazing height of 30 cm certainly for the
best balance between productivity and the fractions that make up the forage mass,
associated to the stocking rate.

Diet of the animals is a determining factor in levels of n-3 present in beef cattle,
as it increases proportion of concentrated in diet the n-3 content tends to decrease,
becoming less healthy meat, for food and human health. Specific amounts of n-6 and n-
3, considering the recommendation of FAO (2008) on a diet of 2000 kcal (2.5 up to
9.0% and 0.5 up to 2.0% of the caloric value total, respectively), are 6.0 to 20.0g of n-6,
and 1.0 to 4.0g of n-3 (Mozaffarian et al., 2006; Kris-Etherton, Fleming, & Harris,
2010; Costa et al., 2014).

Average ratio of n-6:n-3 was 3.27. According to the England Department of
Health (HMSO, 1994), this ratio should be less than four parts of n-6 to n-3 aside for
human consumption. This ratio is important because of the risks of cancer and coronary
heart disease that an unbalanced diet provides. Increased n-3 in human nutrition is
associated with many benefits such as reducing bad cholesterol (LDL) and increasing
good cholesterol (HDL) and decrease the risk of cardiovascular diseases, arthritis and

type II diabetes (Costa, ef al., 2002).

5. CONCLUSIONS

Grazing height does not influence the moisture, crude protein, ash and total lipids
in meat of Nellore cattle but the management in heights between 30 and 45 cm

positively alter the levels of fatty acids, adequate healthy recommendable for human
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diet, in Longissimus muscle of Nellore cattle, such as acids: lauric, conjugated linoleic,
myristic, eicosadienoic, heptadecenoic and oleic, beyond the levels of n-3 and n-6.
Management of pasture appears to provide additional advantages to productive
systems based on pasture, considering that the use of pasture is interesting to minimize
production costs, higher production stability, reduced dependency on external factors,
greater use of natural conditions of climate and soil, what promotes a sustainable

production system.
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7. TABLES AND FIGURES

Table 1. Mass forage production (kg DM ha™ year) and chemical composition (%) of

Brachiaria brizantha cv. Xaraés at different grazing heigh during the experimental

years.

Grazing MEFP' DM Ashes CP NDF ADF
Heights (cm)

15 4892.08 27.83 8.02 15.43 51.67 28.42
30 7300.10 28.78 8.64 17.21 50.80 27.25
45 9053.37 25.83 8.01 15.33 54.73 30.32
60 9704.55 26.95 7.00 15.02 53.11 29.98
P VALUE NS NS NS NS NS NS
CV (%) 8.36 15.15 11.03 17.11 5.19 9.52

1(kg DM ha”' year). MFP = mass forage production.; DM = dry matter; CP = crude protein; NDF =

neutral detergent fiber; ADF = acid detergent fiber. CV = coefficient of variation. NS = not significant.

Table 2. Soil analysis of the experimental area consists of xaraés grass held in depth of

0-20 cm at the beginning of the experiment.

Ca Mg Al H+Al K PK
pH (H20) vV %
cmol/dm’ mg/dm’

5.0 1.4 0.4 0 1.3 0.25 3.21 61.4




Table 3. Chemical composition of Longissimus muscle of Nellore cattle on

grazing heights of Brachiaria brizantha cv. Xaraés.

Grazing height Humidity Protein Ashes Total  Lipids
(cm) (g/100g) (g/100g) (g/100g) (g/100g)

15 73.86 21.79 1.03 1.59

30 73.22 22.12 0.98 1.66

45 74.00 21.95 1.02 1.70

60 73.17 21.72 0.99 1.89

P value 0.4722 0.444 0.7499 0.6453

CV (%) 5.99 3.62 15.54 44.34

CV= coefficient of variation. Different letters in the same column indicate difference to the Tukey test 5%.
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Table 4. Fatty acids profile (g / 100g) of Longissimus muscle of Nellore cattle on different grazing heights

of Brachiaria brizantha cv. Xaraés.

Grazing Heights (cm)

Nomenclature of

acids 15 30 45 60 Pralue CV (%)
Saturated
C12:0 Lauric 0.68b 0.36a 0.39ab 0.67b  0.0455> 76.62
C14:0 Miristic 4.98bc 4.40ab 4.16a 4.04a 0.0461° 23.28
C16:0 Palmitic 25.76 2497 2621 254  0.3836 6.01
C17:0 Margaric 0.42 1.06  0.98 1.17  0.3323 73.27
C18:0 Estearic 18.92 17.63 1927 18.69 0.1072 7.57
C20:0 Araquidic 030 024 03 030  0.2348 44.46
C21:0 Heneicosanoic 0.21 0.14 0.16 0.08 0.3531 66.30
C22:0 Behenic 0.07 009 0.12 0.16 0.2301 125.60
C23:0 Tricosandic 1.61 1.58 1.79 057 03495 9091
Monounsaturated
Cl4:1 Miristoleic 045 058 042 1.43 0.2920 91.62
Cle:1 Palmitoleic 1.47 214 289 266 02995 5631
Cl17:1 Heptadecanooic  1.21ab 0.85b 1.23ab 1.31a 0.0373 30.01
C18:1n9¢c Oleic 37.95b 39.71a 36.04c 38.29b 0.0494 6.96
C20:1 Eicosenoic 0.47 0.74 1.73 0.90 0.2897 79.70
C22:1n9 Eurucic 0.11 0.07 0.06 0.09 03467 71.70
Polyunsaturated
Conjugated
C18:2¢9t11 linoleic 0.20ab 0.15b 0.15b 0.23a  0.0461* 53.43
C18:2n6¢ Linoleic 030 0.11 013 0.16 0.2349 105.62
C18:3n3 Linolenic 0.11 0.10  0.11 0.11 0.2314 46.14
C18:3n6 y-linolenic 536 587 526 6.07 02059 28.20
C20:2 Eicosadienoic 0.36c 1.83a 0.89b 0.69b 0.0213° 49.54
2-homo-a-
C20:3n3 linolenic 0.01 0.01 0.01 0.01 0.2315 86.09
C20:3n6 Eicosatrienoic 0.20 027 036 022 0.2081 45.35
C20:4n6 Araquidonic 002 002 001 002 03481 79.71
C20:5n3 Timnodonic 0.01 0.11  0.07 0.06 0.4460 171.96
C22:2 Clopanodonic 0.61 030 045 024 03550 91.79
C22:6n3 Cervonic 020 024 024 042 0.2905 100.13

'y=1.26671-0.0498067x+0.000666608x>; *y=5.24039-0.0212554x;
3y=0.326938-0.0106259x+0.000150079x%; *y=0.0633049+0.0857213x-0.00138714x; Different letters in

the same line indicate difference (P>0.05).
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Table 5. Sum of fatty acids (g / 100 g): saturated fatty acids (SFA), monounsaturated fatty

acids (MUFA), polyunsaturated fatty acids (PUFA), 6mega-3 fatty acids (n-3), 6mega-6 fatty

acids (n-6), ratios n6:n3 and PUFA:SFA of Longissimus muscle of Nellore cattle on different

grazing heights of Brachiaria brizantha cv. Xaraés.

Fatty Acids Grazing Heights (cm) P value cv (%)
15! 30 45 60

AGS 52.44 49.93 52.81 51.43 0.1486 5.47
AGM 40.16 42.45 40.11 41.40 0.1317 5.72
AGP 7.09 7.49 7.09 7.09 0.9317 22.90
n3 1.04b 2.61a 0.98b 1.41b 0.0027 60.04
né 3.82b 8.32a 2.97b 4.54b 0.0073 59.46
n6:n3 3.67 3.18 3.03 3.21 0.3987 33.91
AGP:AGS 0.14 0.15 0.14 0.14 0.8359 26.52

Different letters in the same line indicate difference (P>0.05).
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Figure 1. Rainfall (mm) (Precipita¢do) during the experimental years [ (ANO I) and Il (ANO II) and
the average maximum (Temperatura maxima mensal) and minimum (7Temperatura minima mensal)

temperatures (Temperatura) of the experimental years I and II. Source: INMET, 2014.
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Figure 2. Lauric Acid percentage in Nellore Longissimus muscle on grazing heights of

xaraés grass.
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Figure 4. Conjugated Linoleic Acid percentage in Nellore Longissimus muscle on

grazing heights of xaraés grass.
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heights of xaraés grass.



