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"Chegara o dia em que o homem conhecera o intimo
dos animais. Nesse dia um crime contra um animal sera

considerado um crime contra a propria humanidade”.

Leonardo da Vinci
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RESUMO

Objetivou-se com o desenvolvimento deste trabalho avaliar a influéncia dos diferentes niveis
de sombreamento artificial nas respostas fisiologicas, comportamentais, desempenho animal e
caracteristicas de carcaga e carne de machos Nelore em sistema intensivo de produgdo. O
experimento foi realizado no periodo de julho a outubro de 2014, no confinamento
experimental do curso de Zootecnia da Universidade Estadual de Goiés. Utilizaram-se 24
baias duplas de 24 m2, destas, seis eram mantidas a céu aberto, seis com sombrite preto com
malha 30%, seis com malha 50% e seis com malha 80%, cobrindo seis m? de sombra por baia,
totalizando 48 bovinos machos Nelore, com peso médio inicial de 310 kg. Foi realizado duas
vezes por semana avaliacdo de indice de temperatura e umidade e frequéncia respiratéria e
quinzenalmente a avaliacdo de comportamento, com inicio as 6:00h e término as 18:00h,
totalizando 12h de avaliagdo. Observou-se 0 comportamento alimentar, ruminagdo, descanso,
outras atividades, social, cuidados corporais, ludico e anormal. Diariamente era realizada a
pesagem da dieta fornecida aos animais e das sobras no cocho para determinacdo do consumo.
No inicio do experimento foi realizado a pesagem inicial dos animais e outras trés pesagem
até o final do experimento, seguido do abate e avaliacdes de desempenho e caracteristicas da
carcaca e da carne. Quando se avaliou o indice de temperatura e umidade e frequéncia
respiratoria, verificou-se que os menores valores encontrados foram nas baias e nos animais
mantidos com sombrite de 80 e 50% de interceptacdo luminosa. Ndo se observou diferenca
significativa nos tempos de comportamento alimentar e de ruminagdo e nas frequéncias de
miccdo, defecacdo, autolimpeza e comportamentos sociais € anormais entre 0s animais
mantidos sem ou com acesso ao sombreamento artificial. Foi observado que o comportamento
de descanso, outras atividades e ludico ndo diferiram entre os animais mantidos nas baias com
30, 50 e 80% de interceptacdo luminosa. N&o foi observado diferenca significativa entre o
consumo de racao, peso inicial, peso final, ganho em peso total, ganho em peso médio diario,
rendimento de carcaca, marmoreio, textura, acabamento, espessura de gordura subcuténea,
area de olho de lombo, coloracdo, comprimento e perimetro de coxa, comprimento e
perimetro de braco e comprimento de carcaca dos animais nos diferentes tratamentos. A
utilizacdo de sombreamento artificial ndo teve efeito significativo na maioria dos
comportamentos, no desempenho e na qualidade da carne de bovinos Nelore em
confinamento uma vez que a temperatura ambiente manteve dentro da zona de conforto
térmico.

Palavras-chave: Desempenho, etologia, sistema intensivo, sombrite.
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ABSTRACT

This study aimed to evaluate the influence of different levels of artificial shading on the
physiological, behavioral, animal performance and carcass characteristics of males and meat
Nellore cattle in an intensive production system. The experiment was carried out from July to
October 2014, in the experimental feedlot in the Animal Science Department at the State
University of Goias. Twenty-four double 24 m?2 stalls were used: six in the open air, six
covered with black shading net with 30% light interception, six with shading net 50%, and six
with shading net 80%, covering 6 m? in shade per stall, totaling 48 male Nellore cattle with an
average initial weight of 310 kg. Temperature-humidity index and respiratory frequency were
evaluated twice weekly, and behavior was evaluated fortnightly, starting at 06h00 and ending
at 18h00, in a total of 12 h of evaluation. Feeding, rumination, rest, other activities, social,
body care, playful, and abnormal behaviors were observed. The feed supplied to the animals
and the orts left in the trough were weighed daily to determine their intake. Animals were
weighed at the onset of the experiment and another three times until its end, followed by
slaughter and assessments of characteristics and carcass and meat quality. The lowest values
for temperature-humidity index and respiratory frequency were found in the stalls and animals
under shading net with 80 and 50% light interception. There was no significant difference
between the feeding and rumination times and frequencies of urination, defecation, self-
cleaning act, and social and abnormal behaviors between the animals kept without and with
access to artificial shading. Rest, other activities, and playful behaviors did not differ between
the animals kept in the stalls with 30, 50, and 80% of light interception. No significant
difference was observed between feed intake, initial weight, final weight, total weight gain,
average daily weight gain, carcass dressing, marbling, texture, fat cover degree, subcutaneous
fat thickness, loin-eye area, meat color, length and circumference thigh and leg, or carcass
length of the animals in the different treatments. The use of artificial shading had no
significant effect on most behavioral variables, performance, and meat quality of feedlot
Nellore cattle, as the ambient temperature remained within the thermal comfort zone.

Keywords: Ethology, intensive system, performance, shading net



CAPITULO 1 - CONSIDERACOES INICIAIS

1. INTRODUCAO

O Brasil possui 0 maior rebanho comercial do mundo, é considerado o maior
exportador de carne bovina e o segundo maior produtor. Estima-se que em 2023, com 0
aumento da populacéo e de sua renda, o pais ird consumir 10,8 milhdes toneladas de carne,
com um consumo de 50 kg/habitante/ano, e as exportacGes deverdo ser de 2,8 milhdes
toneladas. Para isso a producdo brasileira de carne bovina devera atingir o montante de
13,6 milhdes de toneladas em 10 anos, sendo necessario intensificar o sistema produtivo.

O sistema de producdo de carne brasileiro vem se desenvolvendo a cada ano,
seja com cria¢Oes exclusivamente a pasto ou com terminagdes em confinamento. Mas, para
se obter uma producdo de carne em quantidade e qualidade faz-se necessario o
fornecimento de dietas balanceadas, a escolha de animais mais adequados para
determinadas regides e a ado¢do de instalagdes que possam proporcionar maiores respostas
dos animais, entre outros.

Na escolha de animais, tem-se optado pela raca Nelore, no Brasil reconhecida
pela sua rusticidade e capacidade de adaptacdo as condi¢des climéticas do pais, como altas
temperaturas. A capacidade de adaptacdo do Nelore esta bastante envolvida com a cor da
pelagem, pigmentacdo da epiderme, quantidade e volume das glandulas sudoriparas,
classificadas do tipo saculiformes, enquanto um animal de origem europeia possuem as
glandulas do tipo enovelada, caracterizada pela menor producdo de suor quando
comparado aos animais Bos indicus. Essas caracteristicas adaptativas, juntamente com as
produtivas e reprodutivas, contribuem para tonar a ragca Nelore uma das favoritas entre os
pecuaristas brasileiros.

Quando se trabalha com Bos indicus adultos, observa-se resisténcia perante
altas temperaturas, com a temperatura critica superior (TCS) de 35° C2. A presenca de
temperatura ambiente superior a TCS pode desencadear respostas negativas dos animais,
em funcdo do estresse térmico por hipertermia, como modificacBes fisiologicas,
comportamentais e produtivas. Com isso, segundo Ferreirad, faz-se necessario a utilizagéo
de instalagcfes para proporcionar um maior conforto térmico para esses animais, a fim de
obter maior produtividade. O fornecimento de sombra é um cuidado béasico de fundamental

importancia para se controlar os principais elementos climaticos, como temperatura,



umidade e radiacdo solar. As sombras podem ser fornecidas de maneira natural ou
artificial.

O sombreamento natural, com utilizacdo de arvores, ¢ mais eficiente do que o
sombreamento artificial, por diminuir a incidéncia da radiacdo solar e a temperatura sob as
arvores. Tendo visto que, nem sempre é possivel a ado¢do do sombreamento natural, pode-
se optar pelo sombreamento artificial, como o sombrite de fibra sintética de polipropileno,
capaz de fornecer melhor ambiente aos animais e reduzir casos de estresse térmico?, ou
seja, a perda de calor por meio da evaporacao.

Partindo do pressuposto que caso 0 animal esteja em estresse térmico pode-se
observar modificacGes fisiologicas ligadas ao sistema nervoso autbnomo (SNA), sistema
neuroendocrino e algumas alteracfes secundarias. Dentre essas modificacbes, 0 aumento
da frequéncia respiratéria (FR) é mais evidente, na tentativa de aumentar a termolise
evaporativa®.

Além das respostas fisiolégicas os animais podem apresentar respostas
comportamentais em funcdo das variaveis ambientais, como foi observado por Marques et
al.® que verificaram modificagdo no comportamento alimentar de bovinos criados em
confinamento, com e sem a presenca de sombrite de malha 70%, onde o uso do
sombreamento aumentou o conforto térmico para os animais e 0 comportamento alimentar.

O aumento do comportamento alimentar, com a presenca de sombra, pode
gerar beneficios para a producdo e qualidade de carne, como foi observado por Lopes’,
qguando comparou bovinos da raca Nelore e anelorados confinados comercialmente,
verificando um maior ganho em peso (GP) e rendimento de carcaca (RC) quando criados
com acesso ao sombrite de malha 80%.

A influéncia do sombreamento no desempenho fisiolégico, comportamental e
produtivo de bovinos vem sendo bastante discutido, mas isso quando se trata de animais de
origem europeia ou animais mesticos, ficando a desejar estudos com animais Bos indicus,
principalmente da raca Nelore. Neste contexto, objetivou-se avaliar a influéncia dos niveis
de sombreamento artificial nas respostas fisioldgicas, comportamentais, desempenho

animal e caracteristicas de carcaca e carne de machos Nelore em confinamento.



2. REVISAO DA LITERATURA
2.1. Bem-Estar Animal

“Bem-estar animal pode ser definido como a qualidade de vida satisfatoria,
envolvendo alguns aspectos como a saude, necessidades, felicidade, liberdades,
longevidade, sentimentos e controle®”.

Para se obter o bem-estar dos animais, durante o processo produtivo, deve-se
trabalhar para garantir as cinco liberdades, definidas e desenvolvidas ap6s Ruth Harrison
em 1964 causar uma indignacdo da sociedade inglesa ao escrever no livro Animal
Machines (Maguina Animal) os maus tratos e a crueldade que os animais criados
confinados eram submetidos, culminando, em 1965, na criacdo do Comité Brambell, que
criou o termo “Cinco Liberdades”. Nas quais sequencialmente foram melhoradas pelo
Farm Animal Welfare Council (Conselho de Bem-Estar na Producdo Animal) no Reino
Unidos, sendo usada em todo o mundo®.

Sendo assim, para a caracterizacdo do bem-estar animal, se faz necessario
atender o perfil das cinco liberdades™. Sendo elas™":

12 Liberdade Fisioldgica — Livre de fome e sede: providenciando acesso a agua
fresca e alimento, com indicacdo zootécnica a categoria individual que o animal se
encaixa;

2% Liberdade Ambiental — Livre de desconforto: provendo ambiente e abrigo
com espaco adequado;

3% Liberdade Sanitaria — Livre de dor, ferimentos ou doencas: abrangendo
prevencdo, rapido diagndstico e tratamento;

42 Liberdade Comportamental — Livre para expressar 0 seu comportamento
natural ou normal;

52 Liberdade Psicoldgica — Livre de medo e angustia: promovendo condigdes
que evitem sofrimento mental.

Com a criagdo das cinco liberdades tornou-se possivel quantificar o bem-estar
animal, diminuindo o grau de subjetividade sobre o termo. No entanto as cinco liberdades
sdo apenas uma indicacdo inicial sobre o que deve ser avaliado no ambiente para que possa

ser disponibilizado um ambiente adequado ao animal, ou seja, definem apenas um padréo



minimo, visto que é extremamente dificil disponibilizar ao animal todas as liberdades o
tempo todo™.

O bem-estar dos animais pode ser verificado por meio das respostas que eles
fornecem em dependéncia do meio em que estdo vivendo, se estdo ou ndo em condicgdes
estressantes. Dentre essas respostas, destacam-se os indicadores fisiol6gicos, imunoldgicos
e comportamentais. As respostas fisiologicas dos animais em funcéo das alteracdes no
bem-estar estdo integradas via o sistema nervoso central (SNC), que pode desencadear
respostas fisioldgicas por ativacdo do SNA, pelo sistema neuroendécrino e alteracbes
secundarias™.

Dentre as resposta fisiologicas por ativacdo do SNA estdo a frequéncia
cardiaca (FC), pressdo arterial, niveis de catecolamina, FR, alteracGes de habituacdo das
adrenais, enzimas das adrenais e presenca do acido vanililmandélico. As alteracdes
neuroldgicas possuem algumas subdivisfes que respondem a mudangas no bem-estar como
no eixo hipotalamo-hipofise-adrenal (HHA) com a producdo de horménio liberador de
corticotrofina, horménio adrenocorticotréfico e glicocorticoide como o cortisol, o eixo
hipotalamo-hipofise-tiredide (HHT), a hipofise anterior e a hipdfise posterior. E as
respostas secundarias que incluem a temperatura corporal (TC), niveis de opidides e
patologias em 6rgdos'?.

Outra forma de avaliacdo, do bem-estar pode ser a utilizagdo de resposta
imunoldgica, onde o estresse prolongado leva a supressdao da resposta imune, com a
reducdo da producdo e atividade das células de defesa®.

Os indicadores comportamentais utilizados na ciéncia do bem-estar podem ser
de acordo com a observacdo do comportamento, escolhas, trabalho que um animal fara
para obter o que necessita, trabalho que um animal fard para escapar de um estimulo
desagradavel e desvios de comportamento normal. Também pode-se avaliar se 0 bem-estar
do animal estd comprometido, como a verificacdo da gama de atividades limitadas, ofegar
ou suar, amontoar ou tremer, depressdo, medo ou agressividade anormal em relacdo a

humanos e estereotipias ou outras anormalidades comportamentais*2.

2.2. Termorregulacao e Estresse Térmico

Os bovinos, tais como outros ruminantes, sdo animais homeotérmicos,

apresentando mecanismos fisioldgicos que se destinam a manter a TC dentro dos limites da



termoneutralidade ou zona de conforto térmico (ZCT), mesmo sob constantes variacoes

das condicdes ambientais*®. Segundo Azevedo et al.™

a TC é mantida por meio do fluxo de
calor determinado por processos fisiologicos que dependem da temperatura ambiente e da
umidade relativa do ar (UR).

A ZCT é determinada pela faixa de temperatura ambiental, que abrange desde
a temperatura critica superior (TCS) até a temperatura critica inferior (TCI). Dentro da
ZCT, existe uma faixa térmica para o 6timo desempenho e salde, classificada como faixa
A, onde os animais estdo livres de estresse térmico e suas funcbes fisioldgicas e
comportamentais estdo normais. Quanto mais proximo a temperatura ambiente se
aproxima dos limites da ZCT, maior serd a utilizacdo de mecanismos fisioldgicos e
comportamentais para manter a homeotermia. Quando a temperatura ambiente ultrapassa
esses limites ocasionam estresse pelo frio ou calor®.

Quando se trabalha com bovino Bos indicus adulto deve-se verificar os limites
da ZCT para se obter melhor indices produtivos, com TCI de 0° C e TCS de 35° C, com a
faixa de 6timo desempenho e salde entre 10 a 27° C° A medida que a temperatura
ambiente ultrapassa os limites da ZCT, o bovino entrara em estresse térmico, ocasionando
alteracdes fisioldgicas, imunolégicas e comportamentais®.

Independente do tipo de estresse sofrido, os bovinos buscam manter a
homeotermia por meio de processos de transferéncia de energia térmica, seja pelos
mecanismos sensiveis, como a conduc¢do, conveccdo e radiacdo, ou mecanismos latentes,
por evaporacdo ou condensacao®’.

O estresse pode ser definido como uma resposta fisiolégica do organismo,
provocado por alteracdes da homeostasia, que busca fornecer ao animal subsidios para
responder e adaptar-se a estas alteragdes. Se houver um estresse prolongado, havera
modificacdes fisioldgicas e comportamentais no animal®,

A combinagdo de vérios elementos climaticos como a temperatura do ar,
umidade relativa e radiacdo, quando fora da ZCT, provocam alteracdes que interferem
negativamente na produtividade, reproducdo e no comportamento animal®®. Essas
alteracdes podem ser observadas como um menor tempo de comportamento alimentar, com
reducdo na ingestdo de matéria seca®’, no aumento da FC e FR, que geram um calor
enddgeno, pela atividade muscular e no desvio da energia que seria utilizada nos processos

metabélicos e produtivos?.



2.3. Fornecimento de Sombra

As respostas fisioldgicas e comportamentais dos bovinos sdo alteradas em
funcdo dos elementos climaticos aos quais estdo expostos, porém, a utilizacdo de artificios
para climatizacdo dos ambientes na produc¢do de bovinos reduz o estresse caldrico. Assim,
devem-se adotar alternativas que promovam adequadas condi¢Ges ambientais aos animais,
gue minimizem as perdas produtivas ou ainda incrementem a produtividade?.

Dentre essas alternativas, pode-se trabalhar com a utilizacdo eficiente dos
recursos naturais, além das modificagdes priméarias e secundarias do ambiente. As
modifica¢bes primérias sdo classificadas como de simples execu¢do, como a utilizacdo de
sombreamento e ventilacdo natural, ja as secundarias envolvem a utilizacdo de exaustores,
ventiladores, aspersores ou qualquer outro equipamento que modifiqgue o ambiente das
instalacbes. O fornecimento de sombra é um cuidado basico e de fundamental importancia
para amenizar os efeitos da radiagdo solar e por interferir em outros elementos climéaticos
como a temperatura e umidade”, podendo ser fornecido de maneira natural ou artificial,
observando-se maior ou menor conforto em funcdo da qualidade da sombra, na area
disponivel por animal ou na época do ano®.

Quando ndo for possivel a utilizacdo de sombreamento natural, faz-se
necessaria a utilizacdo do sombreamento artificial que pode ser do tipo mével com fibra
sintética de polipropileno, com estrutura de madeira ou metalica, proporcionando de 30 a
90 % de sombra, sendo o0 mais recomendado 80% de interceptacdo luminosa, por gerar um
maior conforto ao animal. A area de sombra por animal depende da umidade do local, em
regides de clima seco recomenda-se sombrear de dois a trés m2 por animal e em regides de
clima tmido, deve-se aumentar a area sombreada para quatro ou cinco m2 por animal®.

A prética de utilizacdo de sombrite em confinamento ndo vem sendo adotada
com frequéncia, assim, durante o verdo pode-Se observar maiores casos de estresse
caldrico. A adocdo de estruturas de sombreamento poderia ser utilizada para amenizar o
impacto da carga de calor radiante®.

Marques et al.® comparando o comportamento ingestivo de tourinhos em
confinamento com e sem acesso a sombra, verificaram que as temperaturas de globo negro
e de bulbo seco foram maiores no ambiente sem sombreamento, mas essa diferenca néo foi
o suficiente para afetar o ganho em peso dos animais, ambos 0s tratamentos com ganho de

1,2 kg por dia, com maior ingestdo de alimentos e ruminacgdo para os animais mantidos



sem sombreamento e um maior tempo de descanso para 0S animais mantidos com
sombreamento.

Silva et al.%

observando o desempenho de vacas da raca Pitangueira com
acesso a sombra, verificaram um maior ganho em peso para 0s animais mantidos em

ambiente com sombreamento artificial.

2.4. Comportamento de Bovinos Confinados

O comportamento animal pode ser definido como todas as a¢des ou reac¢des de
um organismo em interagdo com o meio ambiente, geralmente envolve movimentos e pode
ser estimulada por diversos fatores internos e externos. A expressdo do comportamento vai
depender do ambiente no qual o animal esté inserido®.

Em vida livre um bovino adulto expressa comportamentos normais como o
comportamento alimentar em pastejo de duracdo de até 14 horas, comportamento de
cuidado corporal como a miccdo com frequéncia de aproximadamente nove vezes ao dia,
defecacdo de 12 a 18 vezes ao dia. Realizam a autolimpeza, caracterizada como o contato
de duas partes do proprio corpo do animal ou ainda a utilizacdo do meio ambiente para
realizar comportamentos de cocgar ou lamber. Quando mantidos em grupo observa-se
também alto contado social, por ser um animal gregario, com a realizacdo de alolimpeza,
comportamento ludico, exploratorio, reprodutivo, materno ou qualquer outro
comportamento normal da espécie®.

Entretanto essa gama de atividades comportamentais é limitada quando os
bovinos sdo mantidos em confinamento, onde a maioria das suas atividades se resumem
em alimentacdo, ruminacdo e 6cio, com os periodos de ruminacéo e 6cio intercalados com
o alimentar. O tempo do comportamento alimentar vai depender da frequéncia e horéario do
fornecimento do alimento no cocho, como foi observado que o fornecimento de volumoso
e concentrado em uma, duas ou trés vezes ao dia, estimulou os animais a intensificar a ida
ao cocho e a ingestdo do alimento no momento do fornecimento?®.

A atividade limitada faz com que os bovinos passem a desenvolver alguns
comportamentos anormais em funcdo de viverem em um ambiente que limita suas
atividades normais, principalmente a locomogéo e a exploragcdo. Dentre o0s principais
comportamentos anormais pode-se citar a sodomia, caracterizada como um distdrbio de

comportamento que consiste na monta entre animais do mesmo sexo, normalmente o



animal de baixa posicdo hierarquica é aquele que é montado. A sodomia pode trazer
consequéncias negativas para o sistema produtivo, como por exemplo, ferimentos, lesdes
de cascos, membros e carcacas, podem ocasionar em uma reducdo do consumo de
alimentos, afetando negativamente no ganho em peso e desempenho dos animais?’.

Além da sodomia, pode-se observar a lignofagia, geofagia, mordedura de
arames ou distarbios locomotores como o0 andar estereotipico, que consiste na
movimentacdo do animal em torno dos limites da baia, 0 que pode ocasionar um maior
gasto energético e menor ganho em peso. A lignofagia é caracterizada pela mastigacédo e
ingestdo de lascas de postes das cercas, 0 que pode levar a serias obstrugcdes intestinais ou
lesBes na boca dos bovinos. A geofagia é a ingestdo de terra, causando sérios problemas

por impacgdes no abomaso®.
2.5. Caracteristicas de Carcaca e Carne de Bovinos de Corte

As caracteristicas de carcaca e carne de bovinos de corte podem ser
influenciadas por diversos fatores, entre eles, 0 manejo alimentar, genética, idade, manejo
pré-abate?®, sendo todos os fatores de fundamental importancia para o desempenho animal.

Dentre as principais caracteristicas de carcaca pode-se citar o peso, rendimento
de carcaca (RC), acabamento, conformacao, area de olho de lombo (AOL) e espessura de
gordura subcutanea (EGS), que sdo fundamentais para determinacdo do preco obtido pela
venda das carcacas. Ja as caracteristicas relacionadas a carne estdo a cor, marmorizacao,
maciez, textura, palatabilidade e suculéncia, caracteristicas relacionadas ao interesse do
consumidor?.

Segundo Freitas et al.** uma carcaca bovina de boa qualidade e com bom RC,
para assegurar boas condic¢des do produto, devem apresentar 6tima relagéo entre as partes
que compdem o bovinos, com maximo de musculo, quantidade adequada de gordura para
protecdo da carcaca e satisfacdo do mercado e minimo de 0sso.

Na avaliacdo de conformacdo pode-se classificar as carcacas subjetivamente
pelo desenvolvimento muscular em convexa, subconvexa, retilinea, subretilinea, concava e
subconcava®!, com maior frequéncia de observacéo do tipo retilinea para animais Nelore®.

A AOL tem sido relacionada com a musculosidade, rendimento de carcaca e
rendimento de cortes de alto valor comercial. Verificada por meio de corte transversal do

masculo Longissimus dorsi entre a 122 e 132 costela, expondo o musculo para determinacao



da éarea, com o auxilio de uma matriz plastica formada por quadrados com uma &rea de 1
cm? cada, obtendo a AOL a partir da contagem dos quadrados em contato com a superficie
do musculo exposto®®. De acordo com Lopes et al.** a AOL sofre bastante influencia da
raca, sendo que animais Bos taurus tendem a apresentar maior AOL em relacdo a animais
Bos indicus, em fungdo de sua maior taxa de crescimento quando submetidos as mesmas
condigOes, observando valores de 91,27 cm? e 80,97 cm? para animais Red Norte e
Nelores, respectivamente.

A EGS é fundamental para os aspectos visuais da carcaca e da qualidade da
carne, uma vez gque serve como protecdo contra a desidratacdo e escurecimento das partes
externas dos muasculos durante o resfriamento, além de proteger contra o encurtamento das
fibras musculares. Assim, as carcacas devem apresentar uma EGS maior que trés mm, que
é 0 minimo preconizado pelos frigorificos®.

A coloracdo da carne é uma caracteristica fisica da carne com grande
importancia na aceitacdo pelo mercado consumidor, por estar relacionada a caracteristicas
de conservacdo e frescor. Sua avaliagdo medida por valores de L*, a* e b* com auxilio de
um colorimetro digital, onde, L* indica luminosidade, a* e b* cromaticidade, onde, a*
indica teores de vermelho a verde e b* teores de amarelo a azul, podendo variar em fungéo
da idade, sexo, atividade fisica, caracteristicas da carne e raca, observando valores de a* e
b* semelhantes e uma maior luminosidade para os animais Red Norte quando comparado
ao Nelore, com valores de 34,60 e 33,74, respectivamente™.

A marmorizacdo da carne é utilizada como um indicador da quantidade de
gordura intramuscular e esta associado com a maciez e palatabilidade da carne. O grau de
marmorizacdo do musculo Longissimus dorsi pode ser avaliado por meio de um padrao
gréafico que permite a avaliacdo visual por comparacdo, identificando o marmoreio quando
a auséncia, poucos tracos, pequeno a moderado, moderado a ligeiramente abundante ou
abundante®. Segundo Gordo®’ a avaliagdo também pode ser realizada pela contagem de
tracos de marmoreio, sendo de 1 a 3, classificado como tracos, T — (1), TO (2) e T+ (3); de
4 a 6, considerado leve, com L- (4), LO (5), L+ (6); 7 a 9, pequeno (P); 10 a 12, médio
(Me); 13 a 15, moderado (Mo); e 16 a 18, abundante (A).

A maciez da carne pode ser medida de forma subjetiva ou objetiva. O método
subjetivo é realizado com a participacao de pessoas treinadas a provar a carne e determinar
a maciez. O método objetivo é realizado com equipamento, como o texturbmetro, que

mede a forca de cisalhamento em um corte transversal da carne e, quanto maior a forca
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dispensada, menor é a maciez da carne, podendo sofrer influéncia da idade, genética, sexo,
estresse, caracteristicas da carcaga, entre outros®.

Avaliando a maciez da carne de animais Bos indicus e Bos taurus, Rossato et
al.*® verificaram que a carne dos animais B. indicus apresenta um menor maciez, 0 que
pode ser explicada pela maior atuacdo da enzima calpastatina, que inibi a acdo da calpaina

responsavel pelo amaciamento da carne no post mortem.
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CAPITULO 2 - Physiological and behavioral responses of Nellore steers to artificial
shading in an intensive production system

ABSTRACT - The influence of artificial shading on environmental variables and on
behavioral responses of Nellore steers in an intensive production system was evaluated in
this study. The experiment was conducted in an experimental ranch feedlot between July
and October 2014. Forty-eight Nellore steers with an initial weight of 310 kg were
maintained in twenty-four 24-m? double pens. Six pens were in the open air; six were
covered with black shade netting of 30% light interception; six with black shade netting
50%:; and six with black shade netting 80%, covering 6 m? per pen. Temperature-humidity
index (THI) and respiratory frequency (RF) were assessed twice weekly and behavior was
evaluated fortnightly during 12 h, between 06:00 h and 18.00 h. Feeding behavior,
rumination, rest, and social activities such as body care and playful and abnormal activities
were observed. A significant increase was found in THI and RF as the shading levels
decreased, whilst a significant difference was recorded in rest and in other activities, water
intake, and playful behavior. Rest time and playful behavior increased significantly, and
other activities and water intake decreased with the increase in shading levels. Shading
does not change the time spent on feeding behaviors and rumination, or the frequencies of
urination, defecation, cleaning other animals, self-cleaning, and social and abnormal types
of behavior.

Key Words: behavior, environment, performance, welfare

Introduction

The association between several climate conditions, such as air temperature, relative
air humidity, wind, and solar radiation, causes physiological changes that interfere with the
behavior and productivity of animals (Silva et al., 2005). As the ambient temperature
exceeds their critical temperature to steers, these animals experience heat stress, which
causes behavioral and physiological alterations that affect production and reproduction

(Perissinotto et al., 2006).
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Air humidity is another factor that may change the behavior and welfare of animals.
According to Garcia (2006) high humidity percentages reduce sweating rate and obstruct
water evaporation and transference of heat from the skin surface to the environment,
resulting in the accumulation of body heat and discomfort. In an attempt to establish heat
exchange with the environment, the animal adopts behavioral changes, such as decreasing
feed intake, increasing water intake and resting time, and having abnormal behaviors.

Facilities that provide thermal comfort to animals are thus required. Shading is
highly important for controlling solar radiation, which is one of the main climatic factors
directly affecting animals and interfering with other climatic elements (Ferreira, 2005).
Shade nets benefit the microclimate within a confinement area, where shaded pens may
have lower temperatures and lower temperature-humidity indexes, providing positive
physiological responses like changes in respiratory frequency and behavioral responses in
animals.

An increase in respiratory frequency occurs when animals feel heat stress resulting
from their efforts to increase evaporation thermolysis. Besides physiological responses,
animals may display behavioral responses due to environmental variables.

The main behavioral factors affected by heat stress comprise increased water intake,
decreased rumination, reduced daytime grazing and increased night grazing, longer idle
periods, and increased number of stereotypical abnormal behaviors (Meyer et al., 2006;
Pires and Campos, 2008).

Steers with behavioral disorders, e.g., sodomy, characterized by same-sex animals
having intercourse with each other, may have injuries, lesions, and traumas, and
consequently great energy losses, impaired performance, and even death (Malafaia et al.,
2011).

This study evaluated the influence of artificial shading on environmental variables
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and on the physiological and behavioral responses of steers in intensive production

systems.

Material and Methods

The experiment was conducted in S&o Luis de Montes Belos - GO, Brazil (16°31'20"
S and 50°22'48" W), during 86 days, between July and October 2014, authorized by the
Ethics Committee on the Use of Animals (Comiss&o de Etica no Uso de Animais - CEUA)
of the UFG, under protocol no. 030/14. The climate of Sdo Luis de Montes Belos is
considered tropical, with an average temperature of 24.3 ° C and average annual rainfall of
1566 mm.

Forty-eight Nellore steers with an average initial weight of 310 kg, varying between
306.75 and 314.33kg, at an average age 20 months, originating from the same commercial
herd, were used in the experiment. Animals were confined in double 4 m x 6 m pens,
totaling 24 m2. Twenty-four pens were used: six pens had 0% cover; six pens were covered
with a black shade net made of synthetic polypropylene fiber, 30%-light interception mesh;
six with 50% mesh; and six with 80% mesh. The shade netting covered part of the area,
with 6 m? of shade per pen.

The diet consisted of sorghum and corn silage, ground corn, soybean meal, soybean
hulls, livestock urea, and vitamin mineral mixes, with an average roughage:concentrate
ratio of 40:60. Feed was supplied four times daily, at 06.00, 10.00, 13.00, and 17.00 h.
Mineral supplementation was provided to the animals ad libitum.

Room temperature and relative air moisture were measured twice weekly by a
thermohygrometer placed in the central pen of each treatment, at three times (08.00, 13.00,

18.00 h) on the specific day. Dry (DBT) and wet (WBT) bulb temperatures were
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determined by a psychrometer to then determine temperature and humidity index (THI).
Following Marcheto et al. (2002), THI were calculated by the following formula: THI =
DBT + 0.36 x WBT + 41.5. Collection and determinations were performed on the same
day and times of the day when temperature, relative air humidity, and behavioral
evaluation were assessed.

Respiratory frequency (RF) was measured on days and at times established for the
collection of environmental variables. Respiratory frequency was determined by counting
movements of the flanks per minute, at 08.00h, 13.00, and 18.00 h, prior to any movement
that would alter this variable.

Assessors were trained to identify the types of behavior under analysis, two days
before evaluation, coupled with familiarizing the animals with the assessors. On the day of
observing the animal behavior, the assessors positioned themselves seven meters from the
pens so that their presence would not interfere with the animals’ behavioral response.

Behavior was assessed fortnightly on the same day as that on which the
environmental variables were recorded. Behavior was evaluated during 12 h, from 06.00 to
18.00 h, and comprised feeding, rumination, rest, and social activities such as body care
and playful and abnormal behaviors (Table 1).

The experimental design was completely randomized, with four treatments
(sunshine, and black shade netting of 30%, 50%, and 80% light interception) and six
replicates. A pen with two animals was the experimental unit; the trial totaled 24 pens and
48 animals. Analysis of variance and Tukey’s mean comparison test at 5% significance
were undertaken with environmental variables and behavioral responses of the animals.
Correlations between environmental indexes, such as THI and RF, were assessed.

Statistical analyses were performed on R software version 2.15.2. (R Core Team, 2015).
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Results and Discussion

Average air temperature was 31.8 °C during the 86 days of confinement, with
minimum temperature 16.8 °C and maximum 39.9 °C. Temperature-humidity indices
varied significantly between treatments by Tukey’s test at 5% significance (Table 2).

The increase in THI caused an increase in the RF of the animals at a 5% significant
difference by Tukey’s test (Table 2). A 0.90 positive correlation was found between THI
and RF (P>0.001), corroborated by Azevedo et al. (2005), who recorded a 0.736
correlation between RF and THI. This demonstrates that RF is a good indicator of heat
stress, because an increase in THI levels means an increase in the need for heat dissipation
by the animal, and RF is one of the main mechanisms for the transference of heat energy
through body’s latent heat loss.

Average RF rates demonstrated that, in all treatments, RF remained within the
normal limits for steers, since the environment was not stressful for the animals without the
need for heat dissipation. Gaughan et al. (1999) reported that RF between 20 and 60
mov/min indicated a lack of heat stress; light stress was revealed between 60 and 80
mov/min; moderate stress occurred between 80 and 120 mov/min; and when RF exceeded
120 mov/min, cattle were under an excessive heat load.

Besides the RF physiological response and the ambient THI, the behavioral
responses of animals were assessed, comprising feeding behavior, rest, rumination and
other activities (Table 3).

Feeding behavior, defined as the search for and consumption of food, is affected by
characteristics and capabilities of animals, physical and chemical properties of the food,
access to water, and disturbing factors such as environmental temperature, insects, and

competitors. No difference (P>0.05) was detected in the feeding behavior of animals under
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direct sunlight or under shade nets with 30%, 50%, and 80% light interception due to the
mean room temperature of approximately 31.8 °C, which, according to Ferreira (2005)
does not interfere with the animal behavior. In fact, the lower and upper critical
temperatures for zebu steers are approximately at 0 °C and 35 °C, respectively, with best
performance between 10 and 27 ° C.

Feed was supplied daily according to the established timetable, or rather at 06.00,
10.00, 13.00, and 17.00 h. Feeding behavior peaks were reported at these periods in the
two treatments. According to Marques et al. (2007) such similarity may have occurred
because the two treatments had the same diet provided at the same time and in similar
amounts. The feeding behavior of feedlot steers is changed when diets are provided at
fixed and pre-determined times and the animal becomes accustomed to feeding in these
periods.

The rumination behavior may be affected by the quality and quantity of feed, fiber
content, and environmental conditions, among other factors. Similarly to the feeding
behavior, no difference was detected among the treatments for rumination behavior.
However, the highest rumination-behavior values were found in the treatment with the
highest rate of feeding behaviors. It has also been reported that animals ruminate in the
coolest hours of the day — at sunrise and sunset — mostly lying down or in the shade.

Marques et al. (2008) reported that young feedlot steers ruminated while lying down
during 91% of the rumination period. Broom and Fraser (2010) reported that rumination
peak occurs during the coolest periods of the day, especially after sunset, and that cattle lie
down during rumination.

Silva (2009) compared the behavior of cows with and without any shade and
reported that the latter spent a longer time grazing (484 min) compared with the former

(412 min). However, the longer grazing period was not followed by an increase in
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rumination time (338 min in the shade and 279 min in the sun) and did not indicate higher
pasture intake. Animals in the shade are probably more efficient in grazing activities in
periods with more-agreeable temperatures.

Furthermore, animals in the shade have a longer resting period due to the favorable
location. In fact, the rest time differed significantly according to the shading levels.
Animals in pens covered with 80%-light interception netting had a longer rest period
(432.67), and differed significantly from those maintained in open-air pens without any
shade (362.33), but did not differ from the animals in pens with 30%-(394.33) and 50%-
(410.67) light interception netting.

Marques et al. (2007) reported a longer rest time by animals in shaded environments
(176.5 min) compared with animals reared in the open air and exposed to solar radiation
(146.2 min), due to the better environment and thermal comfort for the animals with more
access to shade. In fact, a shaded area retains a greater amount of humidity and facilitates
heat exchange between the animal and the environment.

Animals often rest by lying down, in lateral decubitus, since they do not rest
satisfactorily while standing. The animal may thus use its resting time for other activities
such as rumination.

To compensate for the lower resting time, the animals kept in the open air without
any shade spent more time on other activities and differed significantly from animals
maintained in pens with 80%-light interception netting, but did not differ from the animals
in pens covered with 30%- and 50%-light interception netting (Table 3).

Frequency of water consumption differed significantly among treatments (Table 4).
Animals in pens without any shading or with 30%-light interception netting drank more
water when compared with animals in pens covered with 30%- and 50%-light interception

netting, due to exposure to solar radiation during the entire day or due to pens having little
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light interception. Meyer et al. (2006) reported that water intake increases as the ambient
temperature and light interception are increased, since animals use water to control the
harmful effects of heat and maintain homeostasis (Coimbra et al., 2007).

No significant differences were found between frequency of urination, defecation,
abnormal behavior, cleaning others, self-cleaning, and social behaviors among the
treatments.

According to Broom and Fraser (2010) steers under normal conditions and within a
24-h cycle urinate approximately nine times and defecate between 12 and 18 times, even
though the number of times and amounts eliminated vary according to the type of feed
provided, environmental conditions, and animal characteristics. Self-cleaning is the act of
an animal touching two parts of its body, such as licking and scratching, and also when it
touches the surrounding environment, such as poles, trees, stones, and hedges. Cleaning
others is defined as two or more animals licking one another or rubbing their body onto
that of another animal. Social behavior is any contact with other animals.

Cases of abnormal behavior were detected in all treatments due to stress from
changes in the production system; for instance, the previously extensive grazing being
transformed into feedlot. This fact limited the space for the development of normal
behavior such as search for food, locomotion, social interactions, and others.

Lignophagy in animals consists of chewing and eating pieces of corral hedge poles or
eucalyptus poles used for shading, whilst geophagy is soil-eating. According to Broom and
Fraser (2010) lignophagy may cause several intestine obstructions or lesions in the mouth
of animals and may be due to lack of roughage, or stress. Geophagy may be due to dietary
deficiencies of minerals, especially iron and phosphorus, and may occur due to strict
confinement and lack of exercise. It may cause serious problems to the abomasum of

cattle.



24

According to Malafaia et al. (2011) sodomy is a behavioral disorder when an animal
attempts to have intercourse with another, normally bigger and stronger animal of the same
sex. The process may cause wounds and lesions on the carcass. Sodomy may be related to
lack of well-being rather than sexual desire. The main issue in sodomy is that the
dominating animals may be subjected to lesions on their hooves and hind parts, besides
harming the other animals. These lesions may also interfere negatively with feed intake,
decrease weight gain, and cause losses in animal performance.

Sodomy, followed by geophagy, biting hedges, and lignophagy, with mean
frequencies of 61.5%, 17.7%, 10.5% and 10.3% respectively, are among the reported types
of abnormal behavior.

Playful behavior consists of recreational activities among the animals, characterized
by jumps, running, and other demonstrations of well-being. Such behavior has no specific
aim and is more perceived in young than in older animals.

A significant difference was detected between the frequency of playful behavior for
animals in pens with 80%-light interception netting when compared with those under direct
sunlight, and no differences were found between animals in pens covered with 30%- and
50%-light interception netting. This result is due to the more favorable environment for

animals in the shade, particularly under 80%-light interception shade netting.

Conclusions

Different shading levels in the feedlot significantly affect the temperature-humidity
index, respiratory frequency, resting time, time spent on other activities, and the
frequencies of water consumption and playful behavior in steers. However, shading does

not change the time spent on feeding and rumination behaviors or the frequencies of
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urination, defecation, cleaning other animals, self-cleaning, and social and abnormal types
of behavior.
The shading utilization with 80% light interception provided a comfort, ensuring a

greater welfare and quality of life for animals.
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Table 1. Etiogram with category and description of behavior reported in experimental

confinement.

Behavior category

Description

Feeding

Rumination

Rest

Social

Body care

Abnormal

Frolic
Other activities

Animals were observed during feeding.

Process by which the already swallowed feed returns to
the mouth for a further break in the particles by chewing.
Animal lying on the ground, resting or sleeping; the
animal may be doing some other activity, such as
rumination.

Frolic, rubbing, dominance or contacting.

Self-cleaning; cleaning others, urinating, defecating and
rubbing.

Related to stereotypes; self-directed abnormal behavior;
directed to the environment or to any other animal, such
as sodomy, lignophagy and geophagy.

Playful behavior.

Time spent by the animal on other types of behavior,

excepting feeding, rumination and resting.
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Table 2. Temperature and Humidity Index (THI) and Respiration Frequency (RF) in pens
without shade netting and with 30%, 50% and 80% shade netting and light

interception.

_ Shade levels’ , X ,
Variables p CV% SD
0 30 50 80

THI 80b 82a 79c 78d 0.035 6.07 4.84
RF (mov/min) 28.67ab 31.67a  28.50ab 26.17b 0.044  10.69 3.07

! Variables followed by different letters on the same line were different at 5% significance level by Tukey’s
test;

2 Probability rate of F test of analysis of variance

® Coefficient of experimental variation.

4 Standard variation.



29

Table 3. Mean time (min) for feeding behavior (FB), rest behavior (RB), rumination
behavior (RMB) and behavior in other activities (BOA) of animals in the sun
light and in 30%, 50% and 80% shade netting and light interception.

Behavior Shade levels * , X ,
. 02 CV%® SD

(min) 0 30 50 80

FB 174.83a 175.83a 176.17a 161.17a 0.664 14.12 24.30

RB 362.33b 394.33ab 410.67ab 432.67a 0.048 11.46 45.86

RMB 135.00a 159.17a 136.33a 143.83a 0.109 1251 17.95

BOA 182.84a 149.84ab 133.16ab 126.16b 0.029 23.96 34.27

TVariables followed by different letters on the same line differ at 5% significance level by Tukey’s test;
2 Probability rate of F test of the analysis of variance.

3 Coefficient of experimental variation.

4 Standard variation.
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Table 4. Mean frequency of water intake, urination, defecation, abnormal behavior,

cleaning of others, playful behavior, social behavior and self-cleaning of animals
without any shade and with 30%, 50% and 80% shade netting and light

interception.

Frequency of Shade levels *

q_ Y p’ Ccv%®  sD*
behavior 0 30 50 80
Water 15.50a 15.33a 12.17ab 8.17b 0.028 34.27 4.38
Urination 3.50a 3.67a 4.83a 3.00a 0.110 33.33 1.25
Defecation 4.50a 4.83a 4.50a 4.50a 0.946 25.55 1.17
Abnormal 10.33a  8.67a 7.17a 6.67a 0.083 59.20 4.86
Cleaning of

6.17a 8.33a 9.33a 12.67a 0.181 54.22 4.95

others
Playfulness 583b 8.00ab 9.17ab  12.00a 0.049 40.91 3.58
Social 23.00a 18.77a 23.33a 26.17a 0.154 25.50 5.82
Self-cleaning 15.50a 19.50a 18.33a 16.67a 0.706 36.11 6.32

TVariables followed by different letters on the same line differ at 5% significance level by Tukey’s test;

2 Probability rate of F test of the analysis of variance;

* Coefficient of experimental variation;

% Standard variation.
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CAPITULO 3 - Weight gain and carcass characteristics and meat of Nellore males
under different artificial shading levels in the feedlot

Ganho em peso e caracteristicas de carcaca e carne de machos Nelore em diferentes

niveis de sombreamento artificial em confinamento

ABSTRACT - The objective of this study was to evaluate the influence of artificial
shading levels on weight gain and meat quality of male Nellore cattle in an intensive
production system. The experiment was conducted in the experimental feedlot of the
Department of Animal Science at Universidade Estadual de Goias, from July to October
2014. Forty-eight male Nellore cattle with an average initial weight of 310 kg were kept in
double 24-m? stalls, in a total of 24 stalls. Of these, six were in the open air; six were
covered with black shade netting of 30% light interception; six with black shade netting
50%:; and six with black shade netting 80%, providing 6 m? of shade per stall. The diet
supplied to the animals and the orts left in the trough were weighed daily to determine
intake, and the temperature-humidity index (THI) was measured twice weekly. Animals
were weighed for the first time at the start of the experiment, and then another three times
until the end, which was followed by the slaughter and assessments of performance and
meat quality. A significant difference was observed between the average THI values, with
the highest value found in the stalls without artificial shading. No significant difference
was observed for feed intake, initial weight, final weight, total weight gain, average daily
weight gain, carcass yield, marbling, texture, fatness, backfat thickness, loin-eye area,
color, thigh length and circumference, leg length and circumference, or carcass length
between the animals on the different treatments. The use of artificial shading does not have
a significant effect on performance or meat quality of feedlot Nellore cattle when the
ambient temperature is within the thermal comfort zone.

Key Words: ambience, carcass, intensive system, performance

RESUMO: Objetivou-se avaliar a influéncia dos niveis de sombreamento artificial
no ganho em peso e na qualidade da carne de machos bovinos Nelore em sistema intensivo
de producdo. O experimento foi realizado no confinamento experimental do curso de
Zootecnia da Universidade Estadual de Goias, no periodo de julho a outubro de 2014.
Utilizaram-se 48 bovinos machos Nelore, com peso médio inicial de 310 kg, mantidos em
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baias duplas de 24mz2, sendo utilizados 24 baias, destas, seis a céu aberto, seis com
sombrite preto com malha 30%, seis com malha 50% e seis com malha 80%, cobrindo seis
m2 de sombra por baia. Diariamente era realizada a pesagem da dieta fornecida aos animais
e das sobras da dieta no cocho para determinacdo do consumo, e duas vezes por semana
realizava-se a avaliagdo de ITU. No inicio do experimento foi realizado a pesagem inicial
dos animais e outras trés pesagem até o final do experimento, seguido do abate e
avaliacdes de desempenho e qualidade da carne. Observou-se diferenca significativa entre
os valores médios de ITU, sendo o de maior indice as baias sem sombreamento artificial.
N&o foi observado diferenca significativa entre o consumo de ragdo, peso inicial, peso
final, ganho em peso total, ganho em peso médio diario, rendimento de carcaca,
marmoreio, textura, acabamento, espessura de gordura subcutanea, area de olho de lombo,
coloracdo, comprimento e perimetro de coxa, comprimento e perimetro de braco e
comprimento de carcaga dos animais nos diferentes tratamentos. Conclui-se que a
utilizacdo de sombreamento artificial ndo tem efeito significativo no desempenho e na
qualidade da carne de bovinos Nelore em confinamento quando a temperatura ambiente
estiver dentro da zona de conforto térmico.

Palavras-chave: Ambiéncia, carcaca, desempenho, sistema intensivo.

Introduction

In animal production farming, it is essential to provide animals with an adequate
environment so that they can express their full productive potential. Therefore, in feedlot
systems, shade is an important element that should be provided for animals to be able to
protect themselves against solar radiation and to regulate their body temperature (SILVA et
al., 2005).

According to Bianchini et al. (2007), most of the animals raised in Brazil for meat
production are Bos indicus, despite having inferior meat quality compared with Bos taurus
animals reared in the same production system. However, Bos indicus cattle, like the
Nellore breed, have advantages like rusticity and high resistance to tropical temperatures.

Despite the high resistance of these animals to high temperatures, there are regions of
the country where temperatures can be higher than the maximum limit supported by the
Nellore breed, which, according to Ferreira (2005) is 35 °C. When above the ideal,
according to Sousa Junior et al. (2008), this climatic element may have negative impacts
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on health, productivity, and well-being, resulting in weight loss, delayed growth, hormonal
problems, decreased feed intake, among others.

The animal performance is also determined by the intake of nutrients, their
digestibility, and metabolism, which are related to the dry matter intake, which in turn can
be greatly influenced by climatic elements (FURTADO et al., 2012). As the ambient
temperature is increased, dry matter intake is reduced to reduce the heat increment and
control body temperature, since the animal will be more prone to heat stress. As a
consequence of the decreased intake, weight gain may be reduced and the meat quality
may be altered.

According to Costa e Silva et al. (2010), this reduction in weight gain and meat
quality may be a result of the physiological and behavioral changes triggered by the animal
as a number of non-specific adaptive reactions when it is kept in an inappropriate
environment.

The influence of shading on the productive performance of cattle has been widely
discussed, but only referring to European or crossbred animals, with few studies available
on zebu animals, especially those of the Nellore breed. Thus, the objective of the present
study was to evaluate the influence of artificial shading levels on weight gain and meat
quality of male Nellore cattle in the feedlot.

Material and Methods

The experiment was conducted on Escola Farm, at Universidade Estadual de Goias,
on S&o Luis de Montes Belos Campus (50°22'48" W longitude and 16°31'20" S latitude).
The climate of Sdo Luis de Montes Belos is considered tropical, with an average
temperature of 24.3 ° C and average annual rainfall of 1566 mm.

The experiment lasted 86 days, from July to October 2014, authorized by the Ethics
Committee on the Use of Animals (Comissao de Etica no Uso de Animais - CEUA) of the
UFG , under protocol no. 030/14.

Forty-eight uncastrated male Nellore animals with an average initial weight of 310
kg (varying from 306.75 to 314.33 kg), at an average age of 20 months, originating from
the same commercial herd, were used in the experiment. Animals were kept in the feedlot,
in double stalls measuring four meters in width and six meters in length, totaling 24 m?.

Twenty-four stalls were used in the total: six in the open air with 0% shading, six covered
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with a black shade net made of synthetic polypropylene fiber, 30%-light interception mesh;
six with 50% light interception; and six with 80% light interception, covering part of the
area, with 6 m2 of shade per stall.

The diet consisted of silages of sorghum and corn, ground corn, soybean meal,
soybean hulls, livestock urea, a mineral-vitamin mix, plus mineral supplementation ad
libitum. The feeding management was performed four times daily, at 06.00, 10.00, 13.00,
and 17.00 h, with an average roughage:concentrate ratio of 40:60. The amount provided
per animal/treatment was weighed every day, and orts were weighed before the first
treatment of the day to calculate the total intake.

Ambient temperature and relative humidity of the air were measured twice weekly
using thermo-hygrometers installed in a central stall in each treatment. These data were
measured three times on the previously defined days, at 08.00, 13.00, and 18.00 h.

Dry (DBT) and wet (WBT) bulb thermometer temperatures were collected using
psychrometers to determine the temperature-humidity index (THI). According to the
methodology proposed by Marcheto et al. (2002), the THI was calculated by the following
formula: THI = DBT + 0.36 x WBT + 41.5. Collections and determinations took place on
the same days and at the same times when temperature and relative air humidity were
measured.

On the first day in the feedlot, the animals were weighed for determining the initial
weight (IW). Animals were weighed another three times, at 25, 60, and 86 days of
confinement, using a digital scale installed near the exit of the restraint chute. Final weight
(FW), total weight gain (TWG), and average daily weight gain (ADWG) were obtained at
the end of the experiment.

At 86 days of confinement, the animals were fasted for 16 h, weighed, and
transported to an abattoir in Sanclerlandia, GO under State inspection service for the
slaughtering procedures. The slaughter was performed according to the current legal
procedures (RIISPOA). At slaughter, the right and left half-carcasses were identified with
signs containing the number of the earring.

After slaughter, carcasses were weighed and the hot carcass weight (HCW) was thus
obtained for the calculation of the carcass dressing (CD), by the following formula: CD =
(HCW/FW) x 100 (ROTTA et al., 2010).

After all the slaughter procedures were completed, carcasses were stored in a cold
room (4 °C) for 24 h, and at the end of this period, measurements of carcass length, thigh
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length and circumference, leg length and circumference, conformation, fatness, loin-eye
area, backfat thickness, marbling, texture, and color were taken. All evaluations were
performed on the left half-carcass.

The carcass length was determined with a measuring tape, by measuring the cranial
border of the ischial pubic symphysis up to the medial cranial border of the first rib. Leg
length was measured between the olecranon tuberosity and the radiocarpal joint; leg
circumference was obtained in the middle portion of the leg, surrounding it by a tape
measure. Thigh length, in turn, was obtained as the distance between the anterior edge of
the pubic bone and a mid-point on the tarsal joint bones; thigh circumference was
measured in the middle of the thigh, surrounding it by a tape measure.

Conformation, fatness, and texture were evaluated subjectively. To evaluate the
conformation, carcasses were categorized as convex, sub-convex, straight, sub-concave,
and concave (Moreira et al., 2012).

Fatness was assessed visually based on the deposition of fat on the 6th, 9th, and 12th
ribs, classified as lean (1) - no fat; sparse fat (2) - 1 to 3 mm thickness; medium fat (3) - 3
to 6 m thickness; uniform fat (4) - 6 to 10 mm thickness (5); and excess fat (5) - above 10
mm thickness (VAZ et al., 2012).

After the abovementioned assessments, a section was made between the 12th and
13th ribs, exposing the longissimus dorsi muscle, and a 2.5-cm steak was collected for
evaluation of marbling, texture, loin-eye area, and backfat thickness.

Marbling was evaluated by counting the marbling traces and subsequent
classification. According to Muller (1980), marbling can be classified as traces, from 1 to
10, as follows: T — (1), TO (2), and T+ (3); from 4 to 6, considered light, with L— (4), LO
(5), and L+ (6); 7 to 9, small (S); 10 to 12, medium (Me); 13 to 15, moderate (Mo); and 16
to 18, abundant (A).

To evaluate the texture, a scoring system was adopted that ranged from 1 to 5, in
which 1 indicated very coarse texture; 2, coarse; 3, slightly coarse; 4, fine; and 5, very fine
(MULLER, 1980).

Loin-eye area was determined using tracing paper, by outlining the LEA and
superposing it on a planimeter to count the encompassed points, with each point
corresponding to a 1.0 cm? area. This variable was obtained in cm?.

Backfat thickness (BFT) was measured using a caliper on the longissimus dorsi
steak. The tissue depth was measured at a distance of 3/4 from the medial side of the
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muscle to its lateral side.

A colorimeter was used in the evaluation of color, determined in the hindquarter
region and sirloin, by the L*, a*, and b* components. L* determined the lightness of the
sample, ranging from 0 to 100, with 0 meaning full black, and 100, full white; a+ indicated
color tendency towards red; a—, tendency towards green; b+, tendency towards yellow; and
b—, tendency towards blue (ROSSATO et al., 2010).

The experiment was completely randomized, with four treatments (open air, netting
with 30% light interception, netting with 50% light interception, and netting with 80%
light interception), and six replicates. The Anova and Tukey’s test was performed for the
environmental variables and productive responses of the animals, and The Kruskal-Wallis
test was applied for the non-parametric values, using the statistical computer program R
version 2.15.2. (R Core Team, 2015).

Results and Discussion

During the experimental period, the ambient temperature reached minimum mean
daily values of 16.8 °C and maximum values of 39.9 °C, with an average of 31.8 °C. In
addition to the ambient temperature, dry and wet bulb thermometer temperatures were
measured in each treatment to calculate the THI for the stalls without shading net, and with
netting with 30%, 50%, and 80% light interception, respectively. The THI values showed
that there was a highly significant variation between the treatments by Tukey’s test at 5%
probability level (Table 1).

Despite the significant difference between the THI values, animals were not found to
be under stress in most of the days, physiological and behavioral observations, since the
average ambient temperature was 31.8 °C, and according to Ferreira (2005), for adult
Nellore cattle to be under heat stress, the ambient temperature must exceed 35 °C.

Mean values for feed intake, initial weight, final weight, total weight gain, average
daily weight gain, and carcass dressing in the different treatments are described in Table 2.

No significant differences were observed between the average feed intake for the
animals reared in stalls without and with access to the different shading levels. Intake
values of 1,627.92+35.47 kg, 1,609.50+35.47kg, 1,623.12+35.47 kg, and 1,618.37+35.47
kg were found for the animals in the unshaded stall and in the stalls shaded with nets of
30%, 50%, and 80% light interception, respectively.



37

Analyzing the IW and FW of the animals, no significant difference was detected
between the treatments. This lack of difference was also observed in TWG and ADWG. In
the analysis of TWG, 152.58+17.86 kg, 145.50+17.86 kg, 144.67+17.86 kg, and
149.84+17.86 kg were found, whereas ADWG values were 1.77+0.21 kg, 1.69+£0.21 kg,
1.68+0.21 kg, and 1.74+0.21kg for the animals in the stalls without shading and with
shading nets of 30%, 50%, and 80% light interception, respectively.

Comparing the ADWG and FW of young % Nellore-Charolais bulls without and with
access to shade, using shading net with 70% light interception, Marques et al. (2007) also
did not observe significant differences, obtaining an ADWG of 1.2 kg in both treatments
and FW of 452.0 and 444.5 kg for the animals with and without access to shade,
respectively.

Lopes (2010) evaluated the influence of shading using synthetic polypropylene fiber
with 80% light interception on the ADWG of Nellore and Nellore crossbred cattle in the
feedlot and observed that the animals with access to shade showed significant differences,
gaining more weight (1.35 kg/day) compared with those exposed to the sun (1.18 kg/day).
This difference was also observed for carcass dressing, whose values were 53.46% and
53.13% for the animals with and without access to shade, respectively, due to the reduction
of heat stress.

The results found by Lopes (2010), no significant differences were found for carcass
dressing, with animals showing 53.00£0.91%, 54.43+0.91%, 53.47+0.91%, and
53.42+0.91% in the treatments without shade and shaded with nets of 30%, 50%, and 80%
light interception, respectively.

In the evaluation of the carcass characteristics, it was found that 100% of the animals
had carcass conformation classified as straight. This agrees with Sartor Neto et al. (2011),
who evaluated male Nellore cattle confined with an average initial weight of 317.70 kg and
average final weight of 485.88 kg and observed that the carcass of the animals was
classified as straight, which can be characterized as a normal characteristic for carcasses of
Nellore animals.

No significant differences were found between the treatments for marbling, texture,
fatness, backfat thickness, or loin-eye area (Table 3).

Marbling was evaluated by counting marbling traces. Values without significance, of
5.5+1.07, 6.3£1.07, 6.17+£1.07, and 6.50+1.07, were found for the animals without shading
and under shading nets of 30%, 50%, and 80% light interception, respectively. In all
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treatments, marbling was scored as light, with the unshaded treatment as LO, and the others
as L+.

Texture and fatness were assessed by the Kruskal-Wallis non-parametric test, in
which no significant differences were observed between the treatments. Texture was
classified as slightly coarse to fine, and fatness, as sparse fat. Similar values were found by
Vaz et al. (2013) in carcasses of Nellore animals at the same age, reared in an intensive
production system, which had texture and fatness values of 3.50 and 2.67, respectively.

When the average BFT was evaluated in the animals kept in the unshaded stalls and
in those covered with shading nets of 30%, 50%, and 80% light interception, 4.55+0.87
mm, 4.42+0.87 mm, 5.17+0.87 mm, and 4.80+£0.87 mm, respectively, were detected for the
treatments. This BFT in Brazil is considered good for sale, as it should be between three
and six millimeters (Rotta et al., 2010), thus contributing to the visual aspect of the carcass
and to the meat quality, besides serving as a protection against darkening, dehydration, and
shortening of the fibers due to cold during the chilling process.

There was no significant difference for LEA, which averaged 86.00+7.56 cm2
84.33+7.56 cm?, 87.00+£7.56 cm?, and 89.67+7.56 cm? for the animals kept in the stall
without shading, and in those shaded by nets of 30%, 50%, and 80% light interception,
respectively. According to Lopes et al. (2012), LEA has a high relationship with the
growth rate, increasing as the animal increases its meat deposition in the carcass. This
explains the lack of significant differences among the LEA of the evaluated animals, since
there was no significant difference for ADWG, FW, and CD among the animals subjected
to the different shading levels.

The meat color was determined in the hindquarter region and in the sirloin on the left
half-carcass of the animals. No significant differences were detected between the main
color parameters such as red intensity (a*), yellow intensity (b*), and lightness (L*) (Table
4).

The meat color in both treatments agrees with values considered normal according to
Abularach et al. (1998), in which the meat from young cattle can be considered with regard
to lightness as dark (L*<29.68) or light (L*>38.51); red intensity as low (a*<14.83) or
high (a*>29.27); and yellow intensity as low (b*<3.40) or high (b*>8.28). Similar values
for the color of meat from young Nellore cattle were found by Andrade et al. (2010) and
Rossato et al. (2010).
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When carcass length, thigh length and circumference, and leg length and
circumference were evaluated, no significant differences were detected (Table 5).

Very similar values were observed between the lengths and circumferences of the
cattle carcasses, which can be explained by the homogeneous ages and weights of these
animals. Since no difference was observed between the IW, FW, TWG and CD of animals
subjected to different treatments.

Conclusions

The access to shade by Nellore animals does not have a significant effect on the
weight gain or chacacteristics of carcass and meat when the ambient temperature is within

the thermal comfort zone.

References

ABULARACH, M. L. S.; ROCHA, C. E.; FELICIO, P. E. Caracteristicas de qualidade do
contrafilé (m. L. dorsi) de touros jovens da raca Nelore. Ciéncia Tecnologia de
Alimentos, v.18, p.205-210, 1998.

ANDRADE, P. L.; BRESSAN, M. C.; GAMA, L. T.; GONCAVES, T. M.; LADEIRA, M.
M.; RAMOS, E. M. Qualidade da carne maturada de bovinos Red Norte e Nelore. Revista
Brasileira de Zootecnia, Vigosa, v.39, n.8, p.1791-1800, 2010.

BIANCHINI, W.; SILVEIRA, A. C.; JORGE, A. M.; ARRIGONI, M. B.; MARTINS, C.
L.; RODRIGUES, E.; HADLICH, J. C.; ANDRIGHETTO, C. Efeito do grupo genético
sobre as caracteristicas de carcaca e maciez da carne fresca e maturada de bovinos
superprecoces. Revista Brasileira de Zootecnia, Vigosa, v.36, n.6, p.2109-2117, 2007.

COSTA-E-SILVA, E. V,; RUEDA, P. M,; CARNEIRO, R. C. P. B.; MACEDO, G. G,
ZUCCARI, C. E. S. N. Estratégias para avaliar bem-estar animal em animais em
reproducdo. Ciéncias Veterinarias Tropicais, v. 13, suplemento 1, p. 20-28, 2010.

FERREIRA, R. A. Maior Produc¢do com Melhor Ambiente para aves, suinos e bovinos.
1.ed. Vigosa: Aprenda Facil, 2005. 371p.

FURTADO, D. A.; PEIXOTO, A. P.; REGIS, J. E. F.; NASCIMENTO, J. W. B,
ARAUJO, T. G. P.; LISBOA, A. C. C. Termorregulacdo e desempenho de tourinhos Sindi
e Guzera, no agreste paraibano. Revista Brasileira de Engenharia Agricola e Ambiental,
v.16, n.9, p.1022-1028, 2012.



40

LOPES, A. C. R. Ganho de peso e rendimento de carcaca de bovinos de corte
confinados com acesso a sombra. 2010. 46f. Dissertacdo (Mestrado em Ciéncias
Veterinarias)-Universidade Federal de Uberlandia, Uberlandia.

LOPES, L. S.; LADEIRA, M. M.; MACHADO NETO, O. R.; PAULINO, V. R;
CHIZZOTTI, M. L.; RAMOS, E. M.; OLIVEIRA, D. M. Caracteristicas de carcaca e
cortes comerciais de tourinhos Red Norte e Nelore terminados em confinamento. Revista
Brasileira de Zootecnia, Vigosa, v.41, n.4, p.970-977, 2012.

MARCHETO, F. G.; NAAS, I. A,; SALGADO, D. D. A. et al. Efeito das temperaturas de
bulbo seco e de globo negro e do indice de temperatura e umidade, em vacas em producéo
alajodas em sistema free-stall. Brazilian Journal of Veterinary Research and Animal
Science, Sdo Paulo, v.39, n.6, p.320-323, 2002.

MARQUES, J. A,; ITO, R. H.; ZAWADZKI, F; MOGGIONI, D.; BEZERRA, G. A;
PEDROSO, P. H. B.; PRADO, I. N. Comportamento Ingestivo de Tourinhos Confinados
com ou sem Acesso a Sombra. Campo Dig., Campo Mourdo, v.2, n.1,p.43-49, jan/jun.
2007.

MOREIRA, P. S. A.; BERBER, R. C. A.; LOURENCO. F. J.; BELUFI, P. R.; KONRAD,
M. Efeito do sexo e da maturidade sobre o peso de carcaca quente, acabamento e
conformacdo de bovinos abatidos em Sinop-MT. Comunicata Scientiae, Bom Jesus, v. 3,
n. 4, p. 292-298, 2012.

MULLER, L. Normas para avaliagdo de carcacgas e concurso de carcagas de novilhos.
Santa Maria: UFSM, 1980. 31p.

R Core Team (2015). R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. URL http://www.R-project.org/.

ROSSATO, L. V.; BRESSAN, M. C.; RODRIGUES, E. C.; GAMA, L. T.; BESSA, R. J.
B.; ALVES, S. P. A. Parametros fisicos-quimicos e perfil de acidos graxos da carne de
bovinos Angus e Nelore terminados em pastagem. Revista Brasileira de Zootecnia,
Vicosa, v.39, n.5, p.1127-1134, 2010.

ROTTA, P. P.; PRADO, I. N.; PRADO, R. M. Desempenho, qualidade da carcaca e da
carne em bovinos. In: PRADO, I. N. Producédo de Bovinos de Corte e Qualidade da
Carne. Maringé: Eduem, 2010. 242p.

SARTOR NETO, A,; RIBEIRO, E. L. A.; MIZUBUTI, I. Y.; PEREIRA, E. S.; CUNHA,
G. E.; SILVA, L. D. F.; BARBOSA, M. A. A. F.; BUMBIERIS JUNIOR, V. H.
Desempenho e caracteristicas de carcaca de bovinos Nelore confinados recebendo dietas
de alto teor de concentrado com diferentes niveis de tanino. Ciéncias Agrarias, v.32, n.3,
p.1179-1190, 2011.

SILVA, G. A.; SOUZA, B. B.; ALFARO, C. E. P.; AZEVEDO, S. A.; NETO, J. A.; SILVA, E. M.
N.; SILVA, A. K. B. Efeito das épocas do ano e de turno sobre os pardmetros fisioldgicos e
seminais de caprinos no semidrido paraibano. Agropecuéria Cientifica no Semiarido. v.1, p. 07-
14, 2005.



41

SOUSA JUNIOR, S. C.; MORAIS, D. A. E. F.; VASCONCELOS, A. M.; NERY, K. M.;
MORAIS, J. H. G.; GUILHERMINO, M. M. Caracteristicas Termorreguladores de
Caprinos, Ovinos e Bovinos em Diferentes Epocas do Ano em Regides Semi-Arida.
Revista Cientifica de Producéo Animal, v.10, n.2, p.127-137, 2008.

VAZ, F. N.; RESTLE, J.; PADUA, J. T.; FONSECA, C. A.; PACHECO, P. S.
Caracteristicas de carcaca e receita industrial com cortes primarios da carcaca de machos
Nelore abatidos com diferentes pesos. Ciéncia Animal Brasileira, Goiania, v.14, n.2,
p.199-207, 2013.

VAZ, F. N.; VAZ, R. Z.; PASCOAL, L. L.; PACHECO, P. S.; MIOTTO, F. R. C;;
TEIXEIRA, N. P. Analise econdmica, rendimentos de carcaca e dos cortes comerciais de
vacas de descarte 5/8 Hereford 3/8 Nelore abatidas em diferentes graus de acabamento.
Ciéncia Animal Brasileira, Goiania, v.13, n.3, p.338-345, 2012.



42

Table 1 - Temperature-humidity index (THI) in the stalls without shading and with shade

nets of 30%, 50%, and 80% light interception

Shading level (%)*
Variable J %)

p CV%  SD

0 30 50 80

THI 80h 82a 79c 78d

0.035 6.07 4.84

p - probability value of the F test in the analysis of variance; CV

variation.

- coefficient of variation. SD - Standard

YVariables followed by different letters in the same row differ at 5% significance level by Tukey’s test.
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Table 2 - Performance variables of male Nellore cattle without access to shade and with
access to shade nets of 30%, 50%, and 80% light interception

Shading level (%)

Variable p CV % SD
0 30 50 80

FI (kg) 1,627.92 1,609.50 1,623.12 1,618.37 0.829 2.19 35.47
IW (kg) 306.75  311.42  309.08 31433 0.889 13.67 4243
FW (kg) 459.33  456.92 45375  464.17 0.857 1242 56.95
TWG (kg) 152.58 145.50 144.67 149.84 0.864  12.07 17.86
ADWG (kg) 1.77 1.69 1.68 1.74 0825 1221 021
CD (%) 53.00 54.43 53.47 53.42 0.075 1.70 0.91

FI - feed intake, IW - initial weight; FW - final weight; TWG - total weight gain; ADWG - average daily
weight gain; CD - carcass dressing.
p - probability value of the F test in the analysis of variance; CV - coefficient of variation; SD - Standard

variation.
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Table 3 - Marbling, texture, fatness, backfat thickness (BFT), and loin-eye area (LEA) of
male Nellore without access to shade and with access to shade nets of 30%,
50%, and 80% light interception

Shading level (%)

Variable P CV% SD
0 30 50 80

Marbling 5.50 6.33 6.17 6.50 0.415 17.46 1.07

Texture 35(35) 3.17(3) 3.67(3.5) 35(3.5) 0.742* 7.87 0.27

Fatness 233(2) 219(2) 233(2) 2.66(3) 0.350* 7.64 0.18

BFT (mm) 4.55 4.42 5.17 4.80 0.481 18.47 0.87

LEA (cm?) 86.00 84.33 87.00 89.67 0.671 8.72 7.56

p - probability value of the F test in the analysis of variance; CV - coefficient of variation; SD - Standard
variation.

* Kruskal-Wallis” non-parametric test with mean and median values.
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Table 4 - Meat color of the hindquarter region (HQ) and sirloin (SL) of male Nellore
without access to shade and with access to shade nets of 30%, 50%, and 80%

light interception

Shading level (%)

Color p CV % SD
0 30 50 80
L* - HQ 28.63 27.67 28.08 28.55 0.840 7.37 2.08
a* - HQ 18.07 13.83 15.30 16.12 0.160 19.77 3.13
b* - HQ 7.85 4.20 5.88 5.93 0.137 42.55 2.54
L*-SL 32.28 31.87 34.10 32.35 0.392 7.25 2.37
a*-SL 12.57 12.07 12.38 131 0.739 13.03 1.63
b* - SL 5.60 5.20 6.32 5.87 0.276 16.87 0.97

p - probability value of the F test in the analysis of variance; CV - coefficient of variation; SD - Standard

variation.
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Table 5 - Body measurements of male Nellore without access to shade and with access to
shade nets of 30%, 50%, and 80% light interception

Shading level (%)

Variable p CV% SD
0 30 50 80

CL (m) 1.45 1.47 1.48 1.47 0.597 2.72 0.04

TL (M) 0.76 0.78 0.78 0.76  0.157 2.60 0.02

TC(m) 0.54 0.57 0.57 054 0.161 5.36 0.03

LL (m) 0.46 0.47 0.46 046  0.373 2.17 0.01

LC (m) 0.38 0.36 0.36 037 0.284 541 0.02

CL - carcass length; TL - thigh length; TC - thigh circumference; LL - leg length; LC - leg circumference.
p - probability value of the F test in the analysis of variance; CV - coefficient of variation; SD - Standard

variation.
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CAPITULO 4 - CONSIDERACOES FINAIS

A utilizacdo do sombreamento artificial é considerado de fundamental
importancia para minimizar os efeitos dos elementos climaticos no desempenho dos
animais, tema este bastante discutido nos ultimos anos para animais de origem europeia ou
mesti¢os, mas ficando a desejar pesquisas relacionadas ao bovino Nelore.

Os elementos climaticos como temperatura, UR e radiacdo solar podem
ocasionar estresse térmico e refletir negativamente no desempenho dos bovinos. Dentre 0s
principais efeitos negativos, pode-se citar as modificacdes comportamentais como a
reducdo do consumo de alimento, modificacdo fisiolégica como o aumento da FR e
produtivo com a reducdo do ganho em peso e menor despenho nas caracteristicas de
carcaga e carne.

Em andlise deste trabalho, observaram-se menores valores de ITU nas baias e
FR nos animais mantidos com sombreamento de 80% e 50% de interceptacdo luminosa.
Na avaliagdo de comportamento, foi observado que o comportamento de descanso, outras
atividades e ludico ndo diferiram entre os animais mantidos nas baias com 30, 50 e 80% de
interceptacdo luminosa. Os comportamentos de alimentacdo, ruminacdo e as frequéncias de
miccdo, defecacdo, autolimpeza, alolimpeza, comportamento ladico e social néo
apresentaram diferenca significativa em funcdo da presenca ou auséncia de sombreamento.

Quando se avaliou o desempenho produtivo dos bovinos Nelore, verificou que
0s niveis de sombreamento nédo alterou significativamente o consumo de racdo, ganho em
peso e qualidade da carne dos animais.

Apesar de ndo se observar diferenca entre 0 desempenho e caracteristicas de
carcaca e carne dos animais mantidos sem ou com acesso a sombra, recomenda-se a
utilizacdo do sombreamento artificial, pois proporciona um maior conforto, propiciando
melhores condigdes de bem-estar e qualidade de vida aos animais.

As analises deste trabalho podem ser consideradas restritas ambientes com
temperatura média de 31,8°C, uma vez que pesquisas com temperaturas ambiente
superiores as encontradas no presente experimento devem ser realizadas para verificar a
influéncia de diferentes niveis de sombreamento artificial no desempenho de bovinos

Nelore.



