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IMPACTO DO ESTRESSE NO BEM-ESTAR DOS ANIMAIS E NA
QUALIDADE DA CARCACA E DA CARNE

RESUMO - No primeiro capitulo da tese é apresentada uma revisao bibliografica sobre
0 assunto, trazendo a tona conceitos importantes sobre estresse e bem-estar animal
juntamente com resultados praticos de pesquisas que servem como exemplos dos
efeitos do manejo pré-abate de bovinos e do estresse térmico em suinos. O capitulo
dois tem como objetivo principal apresentar os fatores de risco associados ao manejo
pré-abate de bovinos que estariam relacionados a presenca de hematomas e alto pH
da carne. As avaliagdes foram realizadas em dois frigorificos da regido sudeste do
Brasil, considerando 15 varidveis medidas durante o manejo pré-abate, utilizando-se
27 661 bovinos. Para transporte, o tipo de veiculo, duracdo da viagem e condices das
rodovias foram mensuradas. No desembarque, o tempo de espera para desembarcar
0s animais, o numero de animais que chegaram deitados no caminhdo, as batidas
lateral e dorsal dos animais contra estruturas do caminhdo, a frequéncia de quedas e o
uso de bastdo elétrico foram avaliados. Durante o manejo de conducao dentro do
frigorifico avaliou-se as frequéncias de quedas dos animais, batidas contra os portdes
de manejo, uso do bastdo elétrico, animais feridos e pisoteados e tamanho do lote
conduzido. A frequéncia e localizacdo dos hematomas nas carcacas e os valores de pH
também foram mensurados, juntamente com as categorias animais. Os resultados
indicaram alta porcentagem de hematoma nas carcacas (64,14% no frigorifico 1 [F1] e
72,16% no frigorifico 2 [F2]). Também foi encontrada alta porcentagem de pH,4 acima
de 5,8 (17,67% (F1); 20,30% (F2)). A categoria animal vaca obteve maiores médias de
hematomas. Animais transportados por caminhdes dois andares, por longas distancias
(mais de 5 horas de viagem) e em condi¢Ges ruins de estrada obtiveram maiores
médias de hematomas também. Durante o desembarque e manejo dos animais dentro
do frigorifico, quedas demostraram um efeito claro em hematomas e a utilizacdo de
bastdo elétrico, juntamente com o tamanho do grupo de manejo causaram efeito
negativo no pH da carne. O capitulo trés teve por objetivo estudar o efeito do estresse
por calor em suinos na fase de crescimento e terminac¢ao, avaliando o desempenho,
sujidade e qualidade da carcaca e carne, testando dois tipos de competicdo por
alimento (um ou dois comedouros para quatro animais) e dois tipos diferentes de piso
(30% slat ou 100% slat). Os principais resultados encontrados foram que animais em
situagdes de estresse por calor ou alojados em pisos 100% slat tiveram menor ganho
de peso na fase final de terminacdo. Animais em baias com comedouro simples
tiveram maiores ganhos de peso nas fases de crescimento e terminagdo. Quanto a
sujidade, animais alojados em pisos 30% slat e em situagdes de estresse por calor
foram os mais sujos. A porcentagem de magro foi maior em animais sobre condi¢des
térmicas de controle em comparacdo aos sob estresse térmico. Escatol e indol foram
mais altos em carnes de animais previamente alojados em situacdes de estresse e o
indol também foi mais alto em animais alojados em pisos 30% slat.

Palavras-chave: bem-estar animal, bovinos, manejo pré-abate, suinos, estresse
térmico



STRESS IMPACT ON ANIMAL WELFARE, CARCASS AND MEAT QUALITY

ABSTRACT - The first chapter presents a literature review, bringing up important
concepts about stress and animal welfare using practical results of pre-slaughter
handling in cattle and thermal stress management in pigs. Chapter two presents the
risk factors associated with transport and pre-slaughter handling in cattle with impact
on presence of bruising and high pH meat. The evaluations were performed on two
slaughterhouses located in southeastern of Brazil, considering 15 variables measured
using 27,661 cattle. For transport, the type of vehicle, journey duration and road
condition were assessed. For unloading, the time spent in the queue to unload the
animals, number of animals lying in the truck, back and lateral hits at the truck’s door,
frequency of animals that fell down and were electric prodded were evaluated. During
handling procedures the frequencies of animals that fell down, that were hit by the
gate, that were electric prodded and the occurrence (yes or no) of injured and
trampled animals in the lot, and the number of animals per handling group were
measured. Frequency and location of bruises in the carcasses and meat pH were
assessed, as well the animal’s categories.The results indicated a high percentage of
carcass with at least one bruise (64.14% [S1] and 72.16% [S2]) and a high percentage of
meat pH greater than 5.8 (17.67% [S1] and 20.30% [S2]). Cows were the category with
higher number of bruises. Double decker was the type of vehicle with high risk of
bruises. Animals transported for long journeys (up to 5 hours) and in poor road
conditions had higher number of bruises too. During unloading and driving procedures,
falls had a clear effect in bruises, and electric prod use had an effect in meat pH.
Number of animals per handling group also affected meat pH. In chapter three a pig
heat stress study was performed during growing and finishing period, evaluating
performance, dirt and meat quality, testing two types of feeders (single or double
feeder for 8 animals) and two different types of floor (30% slat or slat 100%). The main
findings were that animals under heat stress and housed in floors 100% slat had less
weight gain in the finishing phase. Animals in pens with one feeder had greater weight
gain during growing and finishing period. Animals housed under heat stress and 30%
slat floors were dirtiest than the other treatments. Lean meat percentage was high for
animals on thermal control conditions than heat stress. Skatole and indole were higher
in meat from animals previously housed in stressful situations and indole was also
higher in animals housed in 30% slat floors.

Key-words: animal welfare, cattle, pre-slaughter handling, pigs, heat stress



Capitulo 1 - Consideragoes gerais

Revisao de literatura

1. Introdugao

Todos os animais apresentam mecanismos de adaptacao para enfrentar situagdes
desafiadoras que ocorrem durante as suas vidas, caracterizando as situacdes de
estresse. Apesar de se tratar de uma resposta adaptativa, o estresse tem efeitos
negativos no bem-estar animal (Moberg, 2000). Animais sob condi¢cdes de estresse
severo podem se tornar enfermos, uma vez que tém redugdo na sua resposta
imunitdria (Blecha, 2000). Além disto, o estresse pode resultar em baixa eficiéncia
reprodutiva (Moberg, 1985), menor eficiéncia produtiva (Hafez, 1968), alterar seu
repertério comportamental (Hicks, et al., 1998), além de prejudicar a qualidade da
carne, no caso dos animais enviados para o abate (Gregory, 1998).

O reconhecimento dos efeitos nocivos do estresse no organismo de um individuo é
o0 que nos faz sensiveis para sua importancia no ambito da ciéncia do bem-estar
animal. O desafio da pesquisa em bem-estar animal é diferenciar as tensdes que nao
ameacam a vida (e que muitas vezes sdo necessarias para a sobrevivéncia do
individuo) das tensdes que afetam negativamente o bem-estar de um animal (Broom e
Johnson, 2000).

O tema bem-estar animal vem sendo considerado um dos maiores desafios a ser
confrontado dentro da producdo animal nos anos vindouros. Dentro deste panorama,
as praticas de criacdo e manejo vém despertando o debate publico e legislativo.
Diversas sdo as situa¢des cotidianas dentro da producdo animal as quais induzem os
animais a altos niveis de estresse, colocando-os em situacdes desfavoraveis de bem-
estar, com impactos negativos também na salde e produtividade, que em casos
extremos, pode resultar na morte.

As situacdes em que os bovinos sdo submetidos ao manejo pré-abate ou a forma
de criacdo de suinos em climas quentes sdo dois exemplos onde as questdes do

estresse e do bem-estar animal sdo tratados conjuntamente. Esta tese busca mostrar



ao leitor situagdes em que o estresse coloca em risco a homeostase dos animais,
aumentando as perdas produtivas, qualidade do produto final e baixo grau de bem-

estar animal.

2. Definindo estresse e bem-estar animal

2.1. Estresse

Viarios autores tentaram definir o termo estresse (Seyle, 1935; Moberg, 1985;
Moberg e Mench, 2000; Dong, 2001). Uns com mais énfase na parte fisiolégica (Seyle,
1935; Dong 2001) e outros com énfase em caracteristicas do bem-estar animal
(Moberg, 1985; Moberg e Mench, 2000).

Pela parte fisioldgica, estresse é definido como uma sindrome, a sindrome de
adaptacao geral, em que a resposta ndao depende do tipo de agente estressor que a
causou. Esta sindrome é dividida em trés estagios: a reacdo de alarme, a resisténcia e a
exaustao.

A reacao de alarme, também denominada de mobilizacdo das defesas, é o primeiro
estagio de resposta do animal onde ocorrem alteracbes estruturais e funcionais do
organismo como parte de um mecanismo de defesa, com alteracdo minima da
homeostase. O estdgio de resisténcia estd associado com a energia adaptativa e a
reducdo dramatica nos processos de reacao de alarme. Modificagbes progressivas dos
mecanismos fisiolégicos ocorrem para permitir que o individuo responda ao agente
estressante, aumentando a susceptibilidade a doencas, denominadas de “doencas da
adaptacdo” por induzir alteracdes patoldgicas. A reacdo de exaustdo caracteriza a fase
cronica do estresse, onde o individuo ja esgotou suas ferramentas adaptativas contra o
agente estressor podendo ocasionar em casos extremos, a morte do animal.

Este conceito de sindrome da adaptacao geral, por muitos anos, foi utilizado como
base para pesquisas que envolviam a tematica estresse, em que varias revisdes
bibliograficas sobre o tema foram publicadas (Wunder, 1966; Manson, 1968; Dantzer e
Mormede, 1983; Levine, 1985; Moberg, 1985; Barnett e Hutson, 1987; Dallman, et al.,
1987). Porém, muitas controvérsias ao longo dos anos foram geradas, principalmente

em torno do conceito da resposta ndo ser agente-especifica.
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Dada a importancia econbmica e a repercussdo que o estresse representa
atualmente na medicina veterindria e zootecnia, esta se dando uma atengao cada vez
maior ao estudo do estresse em animais domésticos (Broom e Molento, 2004). Dentre
as principais causas de estresse estdao: mudancgas alimentares, desmame, fadiga de
transporte, privacdo de dgua e alimento durante a comercializacdo e exposicao de
animais, manejos zootécnicos rotineiros, relagdo ser-humano-animal, varia¢gdes de
temperatura, infec¢des, trauma, exercicio muscular exaustivo, mudanca de ambiente,
instalagdes, entre outros (Bispo e Pereira, 1994). A presente tese foca principalmente
nos fatores estressantes transporte, manejo, relacdo-ser-humano-animal, instalacdes e
temperatura.

Sendo assim, uma abordagem que considerava também niveis emocionais e
psicolégicos dos animais foi desencadeada, modificando o modelo de estresse
apresentado anteriormente (Veissier e Boissy, 2007). No processo de definicdo de
estresse atual, a atividade mental que em parte é emocional, também pode ser um
fator determinante para o tipo de enfrentamento do individuo ao estimulo
estressante, considerando o repertdrio de experiéncias passadas, colocando em pauta
a novidade da situacdo, a previsibilidade do acontecimento e sua intensidade. Assim,
estresse passa a ser definido como “a magnitude de forcas externas ao sistema

corporal que tendem a deslocar o referido sistema de seu estado estavel” (Lee, 1965).

2.2. Bem-estar animal

A definicdo de bem-estar animal possui trés abordagens distintas, todas
geralmente aceitas na comunidade cientifica. A primeira abordagem é baseada na
funcdo biolégica (Broom e Johnson, 1993). O bem-estar de um individuo é definido
como “o seu estado em relacdo as suas tentativas de se adaptar com o ambiente em
que se encontra” (Broom, 1986). Esta definicdo é baseada no custo biolégico que o
individuo tem para se adaptar (Barnett et al., 2001), podendo este ser medido desde
muito bom a muito ruim (Broom e Johnson, 1993), sendo que o sucesso ou 0 nao
sucesso na adaptacdo depende exclusivamente do individuo, onde o aparecimento de
lesdes e doengas e, consequentemente, dor e sofrimento demonstram tal dificuldade

em adaptar-se (Broom e Johnson, 1993).
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A segunda abordagem esta relacionada a auséncia de emocgdes negativas e a
presenca de emogdes positivas, assumindo que animais como seres sencientes podem
ter a experiéncia de sofrimento e prazer (Dawkins, 2000; Mendl e Paul, 2004; Boissy et
al., 2007). Ha estudos que mediram a motivacdo e emogao animal por meio de
mudancas comportamentais e fisiolodgicas (Paul et al., 2005; Mend| et al., 2009;
Rushen, 2003), porém a metodologia utilizada nao foi livre de problemas em sua
interpretacdo. Apesar das dificuldades de que se reveste o estudo dos estados mentais
dos animais, existe atualmente um conjunto de evidéncias indiretas relacionadas com
a anatomia, fisiologia, etologia e cognicdo que permitem a compreensdo destes
fendbmenos em varias espécies (Broom, 1998; Appleby, 1999; Mendl & Paul, 2004).

Por fim, a terceira abordagem é baseada na harmonia entre animal e ambiente e
sua consequente habilidade em realizar padrdes normais de comportamento (Hughes
e Duncan, 1988). Comportamento normal padrdao é demonstrado pela maioria das
espécies quando mantidas em condi¢cdes naturais e podem ser comparados com
animais em situa¢Bes de confinamento fisico, desenvolvendo uma base para as
mensuracoes de bem-estar. No entanto, a definicdo do que seria ou ndo normal para o
animal ainda nao é clara, especialmente porque os animais sao bastante flexiveis e
possuem vdrias estratégias para demonstrar seu comportamento natural (Spinka,
2006), além da comparacao feita com animais confinados possuir uma grande variagao
nos tipos de instalacdes, dificultando as mensuracgdes.

As trés aparentemente divergentes definicbes sdao na verdade complementares,
uma vez que bem-estar animal compreende saude fisica, mental e ambiente adequado
(Dawkins, 2004; Webster et al., 2004) incluindo uma série de aspectos como auséncia
de sede, fome, desconforto, doenca, dor, injiria, estresse e expressdo de

comportamento natural (FAWC, 1992).

3. Conflito entre as definigdes de estresse e bem-estar animal

Se compararmos a definicdo de estresse descrita por Lee (1956): “magnitude de
forgas externas ao sistema corporal que tendem a deslocar o referido sistema de seu

III

estado estavel” e a definicdo de bem-estar animal proposta por Broom (1986): “o

bem-estar de um individuo é o seu estado em relacdo as suas tentativas de se adaptar
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com o ambiente em que se encontra”, vemos que ambas buscam mensurar o estado
do individuo. A definicdo de estresse busca causas exteriores ao individuo e o bem-
estar busca as causas intrinsecas ao animal.

Esta separacao ténue entre estas duas definicdes muitas vezes ndo é diferenciada,
e ambos os termos sdo utilizados de forma errénea. Alguns autores reconhecem essa
dificuldade (Broom e Molento, 2004; Manteca, et al. 2013) e apontam que tais
conflitos acontecem pela complexidade dos dois temas, gerando uma grande
divergéncia entre os cientistas que trabalham na érea.

No entanto, todas reconhecem a capacidade do individuo em manter sua
homeostase, deixando de realizar suas outras funcdes naturais (Folk, 1974). Esta
constancia ou estado estaciondrio do processo fisioldgico estd frequentemente sendo
desafiada por mudancas no ambiente, e estad reagindo e se estabilizando dentro de
intervalos estreitos constantes para a sobrevivéncia do animal (Stott, 1981).

Estes ajustes e reajustes para manter a homeostase do animal (também referido
como adaptacdo), serve como indicador de bem-estar animal, e define o estado em
gue o individuo se encontra no momento da avaliacdo (Broom, 1998). Avaliacdes de
estresse ndo levam em considera¢do o estado momentaneo do individuo, mas sim as
forcas ou estimulos ambientais que geram mudancas e adaptacdes no organismo
(Folk, 1974). Normalmente as forcas extremas do ambiente externo, sem duvida, sdo
as que a maioria dos cientistas se refere como fatores estressantes (McEwen, 2004).

A confusdo maior entre esses dois termos se da porque os estimulos ambientais
estressantes s6 podem ser medidos indiretamente pela resposta do animal (Whay et
al., 2003a). As respostas primdrias ao estresse comumente sdo medidas em formas de
indices (produtivos, reprodutivos, etc.) (Fuguay, 1981). No entanto, quando a
adaptacdo ocorre, a taxa de resposta do estresse primario pode mudar totalmente, e
terd pouca relagdo com a magnitude das forgas estressantes reais, que podem nao ter
mudado.

Em aplicacbes praticas do conceito de bem-estar animal também se faz uso de
indices (Rushen, 2003), porém a diferenca encontra-se no fato de que a ciéncia do
bem-estar mede as adaptagdes do animal a situagdes potencialmente estressantes,
demostrando como estas afetam a produgao e a reprodugdao. Como no trabalho de

Wiltbannk et al. (1962) que demonstra que baixo desempenho reprodutivo de bovinos
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de corte no periodo pds-parto foi causado por uma inadequagdo nutricional, ou ainda
a perda embriondria em bovinos em decorréncia a manejos agressivos no curral,
durante procedimento de inseminagdo (Vaz, 1977).

Desta forma, os diferentes mecanismos que o animal dispde para se adaptar ao
meio, sdo sempre ativados em situacdes de estresse, e adaptacdes estdo ocorrendo
constantemente como parte do processo de viver, em que ha uma constante mudanca
interna ocorrendo desde niveis celulares, hormonais, ou niveis que englobem todo o
organismo (Chrousos e Gold, 1992). Pesquisas no ambito do bem-estar animal avaliam
este tipo de panorama, em que, dependendo da intensidade da pressdao ambiental,
obtém-se respostas diferentes para o mesmo parametro mensurado.

Em geral, estresse e bem-estar animal possuem muitas caracteristicas em comum.
Primeiramente ambos os conceitos sdo descritos em termos de respostas fisiolégicas e
comportamentais e estas respostas em grande parte se sobrepdem. A intensidade das
respostas também é usada para se considerar o grau de aversdo a uma determinada
situacdo imposta (Veissier e Boissy, 2007). E em segundo plano, tanto estresse como
bem-estar, dependem de como o animal percebe o ambiente, uma vez que o uso
destes conceitos para descrever uma resposta animal deve levar em consideragao
algumas habilidades cognitivas (Leventhal e Scherer, 1987; Lazarus, 1993).

Desta forma, a ténue diferencga entre as conceituacdes dos termos estresse e bem-
estar resume-se em que o primeiro estd focado nas respostas dos animais oriundas de
alteracdes do ambiente, e o tema de estudo do segundo se baseia em respostas do
préprio animal para ver quao o ambiente o estd afetando.

Assim, para determinar quando o estresse afeta o bem-estar animal se mede o
custo bioldgico (Aberle, et al., 1974), ou seja, quando o custo de lidar com o agente
estressor desvia recursos de outras funcdes bioldgicas entende-se que o animal ndo
estd conseguindo se adaptar ao meio em que se encontra, priorizando func¢des de
adaptacdo sobre fungdes bioldgicas basais (Koolhaas, et al., 1999). Tal custo bioldgico
ocorre quando o animal experimenta um agente estressor grave ou quando o custo
acumulado de varios estressores menores é suficiente para prejudicar as fungoes
biolégicas normais (Dantzer e Morméde, 1983).

O argumento principal aplicado nesta tese é de que estudos de estresse e bem-

estar animal nos ajudam a descrever o ponto de vista do prdprio animal nas diversas
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situagdes vivenciadas por este, de modo que as recomendagdes para melhorar suas

condicdes de vida sao dadas pelo préprio individuo analisado (Dawkins, 2006).

4. Indicadores de estresse

Diante de um agente estressor, a primeira resposta do animal, e também a menos
custosa em termos de energia, € a mudanca de comportamento (Barnett e
Hemsworth, 1990). Isso quer dizer que se um animal se depara, por exemplo, com uma
situacdo de estresse por calor, pela exposicdo direta ao sol, sua primeira resposta
biolégica a fim de evitar o agente estressor seria sair do local onde se encontra e
buscar uma sombra, para assim minimizar o efeito das altas temperaturas. Em muitos
casos, a resposta comportamental ndo serd apropriada, pelo fato de os animais se
encontrarem em situacgdes de restri¢Oes.

Quando ha uma restricdo de espaco e a resposta comportamental menos custosa
nado pode ser acionada para evitar o agente estressor, uma segunda resposta bioldgica
entra em agao para tentar manter a homeostase: a ativagdo do sistema nervoso
autébnomo, que possui um custo energético para o animal (Cannon, 1929) com a
ativacdo dos sistemas bioldgicos, incluindo os sistemas cardiovasculares, respiratorios,
gastrintestinal, excretdrio e adrenal (Yousef, 1985). No caso de animal em estresse
térmico por calor, por exemplo, uma possivel alternativa seria acionar o sistema
cardiorrespiratdrio para realizar uma hiperventilacdo, com intuito de perder calor para
0 ambiente. Esta alternativa demanda energia do seu corpo para fazer que seus
batimentos cardiacos aumentem, seus musculos intercostais se contraiam e estendam
com velocidade acima da basal e o ar entre em seus pulmdes mais vezes por minuto,
além da maior demanda de energia, ser por si, sé geradora de calor.

Se somente utilizando do meio de hiperventilacdo o animal consegue resolver o
problema com o agente estressor alta temperatura, a resposta de estresse seria
encerrada, porém se tal situacdo de estresse por calor perdura por longo periodo de
tempo, outra resposta bioldgica devera entrar em acdo: a ativacdo do sistema
neuroenddcrino hipotalamico-pituitario (Minton, 1994) que possui efeito mais amplo e
de longa duragdo sobre o organismo, afetando praticamente todas as fungdes

bioldgicas que sdo reguladas pela pituitaria, como a reproducdo, o crescimento, a
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imunidade e o comportamento (Charmandari et al., 2005). Sendo assim, se a situagao
de estresse por calor sofrida pelo animal perdurar durante varios dias de sua vida,
certamente ele sofrerd consequéncias que podem ser desde o emagrecimento a uma
aquisicao de enfermidades graves, por causa de sua baixa imunidade.

Com este exemplo, a importancia das ferramentas bioldgicas no combate a
agentes estressores se torna mais clara, porém vale ressaltar que é o tipo de defesa
bioldgica em conjunto com as forcas exteriores estressantes que se utiliza em um

diagnodstico de estresse.

5. Indicadores de bem-estar animal

Estudar o bem-estar de um animal em uma determinada situagdao envolve a
necessidade de uma série de conhecimentos prévios tanto sobre a espécie estudada,
quanto sobre seu modo de criagdo (Broom, 2000). Mensurar o bem-estar de um
animal envolve trabalhar com indicadores multidimensionais, envolvendo uma
variedade de parametros para a compreensao geral do estado do individuo (Broom,
2010; Fraser, 1995).

Os indicadores de bem-estar animal geralmente sdo classificados em dois tipos: os
gue demonstram que o individuo ndo conseguiu lidar com o ambiente e outro
indicando o esforco envolvido nas tentativas de se adaptar ao meio (Broom, 2001). As
falhas em lidar com o ambiente podem implicar em maior mortalidade (Mellor e
Stafford, 2004), atraso na concepcao reprodutiva (Wettemann e Bezer, 1985), reducao
no numero de animais nascidos vivos (Kirkden et al., 2013), enquanto sinais de esforco
na adaptacdo possuem indicativos como aumento no numero de doencas (Broom,
2002), reducdo da producdo de leite (Bohmanova, 2007) ou na taxa de crescimento
(Mitlohner et al., 2001).

Usamos indicadores de bem-estar animal mais aplicado a cada individuo dentro de
um grupo, do que o uso para um grupo como um todo (Broom, 1986). Por exemplo, se
tanto a taxa de crescimento e o sucesso reprodutivo de um rebanho sdo medidos
constantemente pelo fazendeiro, um curto periodo na interrupg¢ao de alimento, pode
ter efeito em todos os individuos envolvidos, indicando um baixo grau de bem-estar no

grupo. No entanto, é mais comum que quando os animais se encontram em grupo, a
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condicdo do bem-estar animal ndo seja generalizada, e alguns individuos sofram
maiores consequéncias do que outros, por questdes sociais ou individuais intrinsecas
de cada um. Seria, por exemplo, dizer que no caso de um rebanho, hd animais que nao
conseguem ter acesso ao cocho em suas horas preferidas em fungdo de seu status na
hierarquia social do grupo, porém seu ganho de peso permanece parecido com o da
média, desta forma seu bem-estar encontra-se afetado, mas seus indices produtivos
inalterados (Albright, 1969).

Medir o bem-estar animal também envolve lidar com situagdes que podem ser de
curta duracdo, como o0 manejo pré-abate, por exemplo, o que significa usar
indicadores também momentaneos, como batimentos cardiacos, cortisol circulante e
comportamento animal frente ao manejo recebido (Warriss, 1998; Broom, 2000b); ou
de longa duragao, como os animais de sistemas muito intensificados que possuem
dificuldade de adaptacdo por longos periodos de tempo como, por exemplo, galinhas
poedeiras que vivem a maior parte da vida em gaiolas. Estes envolvem medidas de
mecanismos mais complexos como tamanho das adrenais, altera¢des cerebrais e
mudanca de comportamento (Wolford e Ringer, 1962; Al-Rawi e Craig, 1975).

Uma vez que existe uma variedade na resposta de adaptacdo ambiental entre
individuos, a existéncia de um Unico indicador de bem-estar animal se torna impossivel
(Broom, 2001). Uma consequéncia disso é que na avaliacdo dos sistemas produtivos,
um grande numero de indicadores de bem-estar animal se faz necessario.
Considerando que a avaliacdo do bem-estar animal possui este enfoque
multidimensional, deve-se ter critérios para definicdo de quais indicadores devem ser
utilizados, de forma a ter a melhor avaliacdo possivel do bem-estar animal. Com este
propésito, e buscando padronizar um conjunto de indicadores de bem estar animal
surgiu o projeto Welfare Quality (Botreau et al., 2007).

A proposta apresentada por tal projeto baseia-se em quatro principios: boa
alimentacdo, bom alojamento, boa saude e expressdao de comportamento adequado
(Botreau et al., 2007). A partir destes quatro principios montou-se uma lista de 12
critérios que norteiam a avaliacdo de bem-estar animal.

Para o primeiro principio (boa alimentagdo) foram definidos dois critérios, que
trata da auséncia de fome e de sede prolongada; para o segundo (bom alojamento),

foram definidos os critérios de conforto em relacdo ao local de descanso dos animais,
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conforto térmico e a facilidade de movimento dentro das instalagdes; o terceiro (boa
saude) tem como critérios as auséncias de lesGes, de enfermidades e de dor causada
por procedimentos de manejo; e o quarto e Uultimo principio (comportamento
adequado) tem como critérios a expressdo de comportamento social adequado, a
expressdo adequada de outros comportamentos, a interacdo ser humano-animal
positiva e se os animais se encontram em estado emocional positivo (Botreau et al.,
2007; Blokhuis, 2008).

Para cada critério foram identificadas medidas potenciais, que podem ser incluidas
nas avaliacGes de bem-estar animal, levando-se em conta sua validade, repetibilidade
e viabilidade (Velarde e Dalmau, 2012). As medidas consideram a avaliagdo do bem-
estar a nivel individual, embora uma avaliacdo global seja dada definindo o nivel da
granja, fazenda ou industria. As observacbes dadas a niveis individuais fornecem
informacgdes diretas sobre a adapta¢do do animal ao meio, dando uma indicagdo de
seu desempenho geral dentro do sistema de criacdo em um determinado ciclo
produtivo.

No entanto, observacdes que sdo baseadas nos recursos disponibilizados ao animal
ndao devem ser negligenciadas durante um diagndstico de bem-estar animal, uma vez
gue podem servir como ferramentas auxiliares para prevencdo de problemas, agindo
como uma avaliacdo constante de risco (Temple et al., 2012).

Pode-se entdo dizer de uma forma geral que um diagndstico de bem-estar possui
duas abordagens principais: 1) baseadas no animal e 2) baseadas no ambiente

(incluindo o manejo dos animais).

5.1. Medidas baseadas no animal

As medidas baseadas no animal envolvem tanto uma observacdo direta do
animal como também registros zootécnicos da fazenda ou granja (Whay et al., 2003b),
resumindo-se em quatro categorias principais de mensuracdo: desempenho, saude,
comportamento e fisiologia.

Parametros de desempenho fornecem uma visdo geral dos problemas
vivenciados pelo rebanho ao longo do tempo, destacando que nem sempre bons
desempenhos sdo garantia de bem-estar 6timo. Medidas tais como taxas de

crescimento, consumo diario, taxas reprodutivas, baixa producdo (ex: ovos, leite, etc),
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taxa de mortalidade e prevaléncia de carnes DFD (dura, firme e escura) e PSE (palida,
mole e exudativa) pds-abate sdao exemplos de indicadores utilizados com intuito de se
medir o bem-estar animal.

Parametros de saude envolvem os indicadores mais importantes dentro de
mensuracoes de bem-estar animal (Scientific Veterinary Committe, 1997), uma vez que
englobam o estado do organismo e do cérebro do animal em relagdo aos efeitos de
patégenos, parasitas, lesdes e desordens psicolégicas (Broom, 2006), além dos
indicadores de saude estar intimamente relacionados a um estado de sofrimento
animal.

O aparecimento de lesdes ou doengas pode estar relacionado a uma causa
especifica, como por exemplo, a febre em suinos na doencga de Aujeszky (Straw et al.,
2006), ou possuirem causas multifatoriais, dependentes da combinacdo de manejo,
ambiente, instalacdo e condi¢des de higiene do ambiente que reduzem a capacidade
de resposta imune do individuo, aumentando a incidéncia de doengas (Broom e
Johnson, 1993), como nos casos de pododermatite em frangos de corte, mastite e
claudicacdo em vacas leiteiras e doencas associadas ao trato respiratdrio em suinos em
fase de crescimento, todas consideradas como doencgas multifatoriais.

Parametros comportamentais servem como indicadores sensiveis da percepcao
do animal as mudangas ambientais. As variagcdes nos padrdes comportamentais
representam o primeiro nivel de resposta do animal a um agente estressor (Fraser e
Broom, 1990). A descricdo dos comportamentos de animais de producdo em condicdes
naturais ou semi-naturais nos fornecem informagdes importantes de como os animais
operam frente a uma variedade de estimulos provendo informacGes Uteis para o
campo zootécnico como a construcdo de novas instalacdes e/ou novos sistemas de
manejos, utilizando como base as necessidades dos animais (Gonyou, 1994).

Estudos comparativos entre o repertério comportamental de animais em
diferentes tipos de sistemas também nos fornecem informacdes Uteis em relacdo a
preferéncia do animal e sua melhor adaptacdao ao ambiente, como o de Kerr e Wood-
Gush (1987) na comparacdo entre sistemas extensivos e intensivos para bezerros;
Krohn et al. (1994) comparando dois tipos de instalacdes para vacas de leite, com
possibilidade de movimentagdo ou atadas a uma corrente e Shimmura et al. (2008)

com comparacgoes entre galinhas poedeiras soltas e em gaiolas.
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As mensuragdes dos repertérios comportamentais dos animais também podem
fornecer informagdGes Uteis a nivel mental, predizendo sentimentos como frustagdes e
estresse cronico (onde ha uma falha na adaptacao geral do animal) (Dawkins, 2004),
utilizando de metodologias tais como testes de preferéncia baseados no estado
motivacional do animal (Fraser e Nicol, 2011) e testes de esforco fisico para alcancar
um determinado recurso considerado importante para o animal.

As mudancas de comportamento associadas com a presenca de enfermidades
sdao também comumente utilizadas para formagao de um diagndstico de bem-estar
animal (Broom, 1987; Fraser e Broom, 1990) e podem apontar de maneira clara
situagdes de bem-estar pobre.

Os parametros fisioldgicos também sdo ferramentas Uteis na avaliacdo do
estado motivacional do animal (Broom, 1991b). Medidas como as do batimento
cardiaco e hormoénios presentes na circulagio em situacdes de estresse sao
indicadores de parametros fisioldgicos utilizados. As alteracbes nos batimentos
cardiacos servem como uma resposta rapida do individuo em relagao as mudancas do
meio, normalmente associada a uma resposta ativa (de luta ou fuga), como por
exemplo, o aumento no batimento cardiaco de ovelhas frente a um estimulo visual de
uma pessoa ou de um cao (Baldock e Sibly, 1990).

No entanto, muitas vezes, os parametros fisioldgicos encontram-se limitados
como indicadores de bem-estar animal. Primeiramente porque mudancas fisiolégicas
sdo de dificil interpretacdo e dificil replicacdo por serem bastante varidveis entre
individuos (Rushen, 1991). Mudancas similares nas respostas fisiolégicas podem
ocorrer e demonstrar situagdes emocionais opostas. Por exemplo, a dosagem do
cortisol, o hormoénio associado a aumento na secre¢do do cdrtex da adrenal, por
muitos anos foi frequentemente utilizado como indicador de estresse (Axelrod, 1984),
em que autores citam (Barnett, 1981; Nicolson, 2008) que aumento no cortisol
circulante estaria diretamente relacionado a situacdes estressantes para os animais.
De fato, sob situa¢des experimentais controladas, o cortisol pode ser um indicador
confiavel de estresse (Balcombe et al., 2004). No entanto, alguns estudos, como o de
Colborn et al. (1991) por exemplo, demonstraram que garanhdes secretam iguais
quantidades de cortisol quando contidos em um curral de manejo, depois de serem

exercitados ou ainda quando realizam acasalamento com éguas.



20

Em fim, indicadores baseados nos animais sdao de uso legitimo e servem como
ferramentas de diagndstico, especialmente em situagbes especificas de manejo e de
criacdo de animais (Fraser, 1995), indicadores estes que sdo abordados e utilizados na
presente tese, caracterizando o manejo pré-abate de bovinos e a criagdao de suinos em

diferentes temperaturas, alojamentos e estratégias alimentares.

5.2. Medidas baseadas no ambiente

Muitas medidas baseadas no ambiente servem como base para a definicdao de
legislacdo de bem-estar animal, como espaco disponivel por animal, tipo de
instalagdes, manejos aceitdveis e procedimentos de abate (Decreto n° 24.645, 1934; IN
n°03, 2000; IN n°56, 2008; Portaria n°524, 2011). Essas medidas indiretas sdo baseadas
na relacdo assumida entre aspectos do ambiente e o estado de bem-estar do animal.
Fatores baseados no ambiente promovem informagdes preventivas, gerando uma
avaliacdo de risco com deteccdo de problemas. Pequenos questiondrios de manejos de
rotina também podem ser utilizados dentro destas potenciais medidas, buscando
encontrar padrdes de acdo dentro de cada sistema de producdo (Whay, et al., 2003b).

Um exemplo claro de utilizagdo dos recursos para diagnosticar bem-estar animal é

a dgua de bebida. Podemos por parametros clinicos, mensurar se um animal encontra-
se em estado de desidratagdo, porém também verificando se ha disponibilidade de
agua no ambiente do animal pode-se chegar a uma resposta similar do grau de bem-
estar dos animais envolvidos. Além de que a verificacdo constante destes bebedouros
pode evitar que um animal chegue a demonstrar sinais clinicos de desidratacao.

Diagndsticos de instalacdes, em conjunto com indicadores baseados nos
animais, funcionam como base para a sugestdo de propostas de mudancgas (Stolba e
Wood-Gush, 1984; Hubrecht, 1993). Como os estudos Arey (1992) com aproximacao
das instalagdes aos ambientes considerados nativos do animal, como a adicdo de palha
(Arey, 1992), ou aumento de espaco por animal (Arey, 1997) ou ainda dando poder de

escolha aos animais (Baldwin e Ingram, 1980; Holm, 2002).
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5.3. Medidas baseadas no animal versus medidas baseadas no ambiente

Uma vez que bem-estar animal é uma condi¢do intrinseca do individuo,
medidas baseadas no animal sdao mais diretas e refletem melhor o seu estado. No
entanto, muitas interagdes entre fatores ambientais também funcionam como ligagGes
entre o ambiente e o bem-estar dos animais (Capdeville e Veissier, 2001). As
instalagdes (tipo de piso, bebedouros, comedouros, sistemas de ventila¢do, etc.) e os
manejos que envolvam a interacdo com humanos (alimentacdo, conducdo, vacinagao,
marcagao, castracdo, etc) estdo entre as principais fontes de problemas de bem-estar
animal (Waiblinger et al., 2001). A importancia de cada fator estd relacionada a
aparéncia de um dado problema de bem-estar animal. Por exemplo, instalacdes de
animais em grupo promovem interagdes sociais normais, mas em caso de um manejo
inadequado, esse sistema pode aumentar a frequéncia de comportamentos agressivos
(Spoolder et al., 2009).

A complexidade na relacdo entre o ambiente e o bem-estar animal podem
dificultar o diagndstico, promovendo um uUnico aspecto do bem-estar em detrimento a
outro. Por exemplo, galinhas de postura em sistemas livres de gaiolas fazem melhor
uso dos recursos disponiveis, possuem 0ssos mais rigidos e fortes e tem menor
demonstracdo de sentimentos negativos, como o medo, do que galinhas mantidas
presas em baterias de gaiolas. No entanto, o ultimo sistema possui menor taxa de
mortalidade e promovem melhor qualidade do ar (Rodenburg, et al., 2008).

Medidas baseadas no animal também possuem suas limita¢des, sendo muitas
vezes de dificil mensuragdo e interpretacao. Alguns indicadores de medidas baseadas
no animal como lesGes, por exemplo, estdo claramente relacionadas a estado de baixo
grau de bem-estar animal, no entanto, medidas como as comportamentais sdao muitas
vezes registradas e interpretadas de maneiras distintas entre avaliadores, enquanto
registros de medidas ambientais sdo relativamente de facil repetibilidade (Bartussek,
2001).

A fim de aumentar a repetibilidade e confiabilidade das avaliagdes, as medidas
devem apresentar facilidade de coleta e minimizar o julgamento do observador
(Velarde e Dalmau, 2012). O sistema de avaliagdo do Projeto Welfare Quality traz para
cada espécie de animal essas caracteristicas, sendo que todos os avaliadores passam

previamente por treinamento em video, podendo ser aplicado em vdérios propdsitos:
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como em granjas, fazendas e abatedouros, gerando informagdes de diagndstico
(Blokhuis et al., 2003).

Consequentemente, a combinacdo entre os dois parametros de medidas levam a
uma melhor validagao do diagndstico do bem-estar animal (Johnsen et al., 2001) e sao
capazes de avaliar de forma segura o estado do animal e os potenciais riscos
relacionados a sua forma de criagdo, influindo em seu bem-estar geral.

O Projeto Welfare Quality na atualidade funciona como um compéndio de medidas
de bem-estar animal aplicdvel na pratica, usando de medidas tanto baseadas no
animal quanto também baseadas no ambiente, servindo como base de sistemas de
certificacdo de bem-estar animal na Europa e fornecendo informacdes confidveis para
os consumidores (Unido Européia, 2012). No Brasil, alguns estudos (Oliveira et al.,
2008; Souza e Molento, 2014) também utilizaram deste protocolo como medida para
realizacdo de diagndstico de bem-estar com adaptagdes a realidade brasileira.

A presente tese tenta reunir alguns desses parametros descritos no protocolo
Welfare Quality, adaptando-os para as rotinas de frigorifico de bovinos brasileiros e
testando também diferentes estratégias de manejo nas instalacées de suinos em fase

de crescimento e terminacao.

6. Manejo pré-abate de bovinos

A magnitude de qualquer fator estressante nas etapas de manejo pré-abate,
normalmente sdo medidas em relagdo ao tipo, duracao e intensidade desses fatores
(Ferguson et al., 2001), levando em consideracdao os efeitos individuais especificos
entre animais e mudancas bioquimicas nos musculos com consequéncia na qualidade
da carne.

O manejo pré-abate se refere a interagdo entre o manejador e os animais durante
as fases de preparacdo para o embarque, transporte, desembarque, espera no
frigorifico, deslocamento dos animais para o boxe de atordoamento, atordoamento e
sangria. Essa tecnologia do abate dos animais destinados ao consumo assumiu
importancia cientifica quando se passou a perceber que afetava diretamente o bem-
estar dos animais envolvidos e que tinham grande relevancia na qualidade final da

carne, surgindo-se assim o termo proposto em leis dito “abate humanitdrio” que
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possui como definicdo: “o conjunto de diretrizes técnicas que garantam o bem-estar
dos animais desde sua saida da fazenda até a etapa de sangria” (Barbosa Filho e Silva,
2004).

Para que fique clara a ideia de abate humanitdrio dos animais, é necessario que se
tenha conhecimento dos processos e etapas que podem envolver periodos
relativamente curtos de tempo ou ainda possuir diferengas em intensidade (Fraser e
Broom, 1990; Broom and Johnson, 1993; Broom, 2000).

Dentre as mensuragbes de diagndstico de bem-estar as alteragdes nas respostas
fisioldgicas sdo utilizadas cientificamente, como frequéncia de batimentos cardiacos e
respiratéria (Kent, 1986; Baldock e Sibly, 1990; Le Neindre, 1996), composicdo
sanguinea (eletrdlitos, hormdénios, metabdlitos e enzimas) que avaliam a magnitude
das respostas relativas a ativacdo do sistema adrenal (Dantzer e Mormede, 1979).

Outros fatores como a concentracdo de algumas proteinas de fase aguda, como a
haptoglobina, amiloid A, juntamente com parametros bioquimicos como as proteinas
totais do sangue, albumina, uréia, lactato desidrogenase, vasopressina, acidos graxos
livres, beta-hidroxi-butirato ou glicose nos fornecem informacbes vdlidas sobre a
magnitude da situagao estressante.

Mensuracdes de esforco fisico também sdo usadas refletindo aumento de
atividade muscular como a enzima creatinina kinase e o lactato. Tais medidas
fisioldgicas podem ajudar a compreender como os fatores estressantes estdo atuando
sobre os animais nas etapas anteriores ao abate, porém normalmente possuem um
carater menos pratico e sdao mais aplicaveis ao nivel de pesquisa e ndo em rotinas de
empresas.

As alteracbes de comportamento normalmente se referem ao medo ao ser
humano (Knowles et al. 1995) e muitos sdo os fatores que dependem de forma direta
da acdo do homem, como a remoc¢ao dos animais dos currais, a mistura de lotes, as
altas taxas de lotacdo de currais e caminhdes, o embarque, o transporte, o controle do
microambiente, o desembarque, a exposicdo do animal a novas instalacdes, algumas
decisGes de comercializacdo, periodos de jejum, bem como a interacdo forcada com
humanos durante a realizacdo dos procedimentos de manejo (Muchenje, et al., 2009).

Dentre esta série de situa¢des ndao familiares para os bovinos, o transporte e as

etapas de manejo pré-insensibilizacdo sdo as que dependem diretamente da acdo
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humana (Hemsworth, 2001), estando diretamente relacionadas a qualidade da carcaga
e carne.

O pouco cuidado durante o transporte e mau manejo dentro do frigorifico pode
acarretar em hematomas nos animais, gerando prejuizos de 400 a 600 gramas de
perda de carne por hematoma ocasionado (Andrade et al., 2008; Ljungberg, 2007), ou
ainda perdas por problemas no pH final da carne (Dalmau et al., 2009; Horton et al.,
1996) e mortes (Warriss et al., 1992). Esses parametros comportamentais sdo de facil
aplicacdo e mensuragdao fazendo parte de protocolos usados por instituicdes e
empresas frigorificas (European Commission, 2002; STEPS, Marfrig, JBS, 2015).

Dada a importancia do estresse vivido por bovinos nesta etapa do processo
produtivo, o capitulo dois desta tese procura reunir informacgdes, analises e dados
dispersos sobre a questdo do transporte, buscando entender aspectos importantes
relativos a estrutura do transporte de bovinos e sua logistica no Brasil, bem como
caracterizar os pontos criticos do manejo pré-abate que podem gerar prejuizos em
relacdo ao bem-estar animal. Tais fontes de dados sobre transporte de animais vivos e
tipos de manejos empregados em cada frigorifico usualmente sdo de carater privado
levando a poucas publica¢cdes cientificas na América Latina (Gallo e Tadich 2008;
Paranhos da Costa et al., 2012), em parte porque eles variam muito a nivel nacional e
internacional (Villarroel, 2001), além de possuirem algumas caracteristicas particulares
da cadeia de cada pais como a escolha do tipo de caminhdo e as condicbes de
movimentacdo dos animais que interferem diretamente no bem-estar e no produto

final, a carne.

6.1. Etapas do processo de pré-abate
Dentre todas as etapas do processo pré-abate descritas por Barbosa Filho e Silva
(2004), o foco maior serd dado aquelas que compdem o capitulo 2 da presente tese

sendo avaliadas em experimento pela autora.

6.1.1. Transporte

Dentre os diferentes procedimentos dentro do processo de pré-abate de bovinos, a
etapa do transporte é a considerada de maior estresse e a que possui maiores efeitos
deletérios na saude, bem-estar e qualidade da carne (Cockram, 2007). Tarrant (1990)

identificou varios componentes que afetam os animais durante o confinamento em um
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veiculo em movimento: o tipo de veiculo, a condi¢ao do veiculo e de suas estruturas
do compartimento de carga, o clima, o planejamento prévio da viagem, a densidade
animal, o reagrupamento social, a qualidade das rodovias, as distancias percorridas e a
forma de condugao do motorista.

Esta variedade de estimulos fisicos e emocionais aversivos influi na homeostase e
nas respostas adaptativas do animal na tentativa de reestabelecer seu equilibrio. As
intensidades de tais respostas irdo depender das situacdes prévias vividas por ele, sua
genética e temperamento (Boissy, 1995, Hemsworth e Barnett, 2001, Moberg, 2001) e
da magnitude e duracdo dos fatores estressores (Ferguson et al., 2001).

Para a presente tese trés fatores importantes da etapa transporte foram
abordados no Capitulo 2 e desta forma terdo maior destaque na presente revisdo
bibliografica: o tipo de veiculo, a condicdo das rodovias e a duracdo da viagem.

Iniciando pelo tipo de veiculo, temos atualmente no Brasil seis modelos mais
frequentemente usados no transporte de bovinos para abate, sdo eles: 1) veiculo ndo
articulado com dois eixos (denominado popularmente como ‘toco’); 2) veiculo ndo
articulado com trés eixos (conhecido como ‘truck’); 3) veiculo articulado com um piso
com trés ou quatro eixos, podendo ter abertura de portas tipo guilhotina ou abertura
lateral (denominados de carreta ou carreta baixa); 4) veiculo articulado com dois pisos
(também chamado de ‘double-deck’ ou carreta dois andares), com a presenca de
rampas manuais ou pneumaticas em seu interior para embarque e desembarques dos
animais no segundo piso; 5) veiculo articulado com dois compartimentos de carga
(conhecidos como ‘romeu e julieta’; e por ultimo 6) veiculo bi-articulado com dois
compartimentos de carga de dois pisos (popularmente denominado de bi-trem)
(adaptado de Franco, 2013).

Estudos com observagOes praticas nos Estados Unidos (Anon, 1977),
demonstraram que animais transportados em caminhdes que ndo tinham portas com
abertura tipo guilhotina tiveram menores quantidades de hematomas nas carcacas,
sendo o0 mesmo efeito também observado em caminh&es com dois compartimentos
de carga. J4 em condicOes brasileiras os caminhdes caracterizados como ‘double-deck’
apresentaram maiores incidéncias de hematomas nas carcagas, quando comparado
com os outros tipos de caminhdo (a saber: truck e carreta baixa) (Bertoloni et al.,

2012).
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Atualmente, na tentativa de se reduzir os custos do transporte, veiculos bi-
articulados com dois compartimentos e ‘double deck’ tem sido utilizados com maior
frequéncia, entretanto, a influéncia desse tipo de carroceria sobre o bem-estar e
qualidade da carne de bovinos sob condigdes da realidade brasileira ainda ndo sao
conclusivas, com poucos estudos publicados (Bertoloni et al., 2012). A presente tese
em seu capitulo 2 aborda essa tematica discutindo sobre o tipo de carroceira utilizada
no transporte de bovinos para abate no Brasil e sua influéncia na frequéncia de
hematomas, pH da carne e bem-estar dos animais.

Outro importante fator a ser discutido é que pela grande abrangéncia de tipos de
veiculos diferentes usados no Brasil, tém-se também diferentes alturas de caminhdes,
gue nem sempre seguem um padrdo e estdo em concordancia com as rampas de
desembarque das plantas frigorificas, gerando degraus quando estes estacionam em
contato com as rampas. Assim, dependendo da severidade desse desnivel o
desembarque poderd ser dificultado. Chieger e Wheeler (1964) também observaram
tal dificuldade e propuseram a adogao de um piso auxiliar adaptavel, realizando a
reorientacdo do piso da rampa de desembarque em conformidade ao padrdo de altura
do caminhdo, com a adog¢dao de uma mini rampa mdvel. Essa tecnologia ainda é pouca
utilizada na realidade dos frigorificos brasileiros e as dificuldades no desembarque
ainda perduram, como apontam os resultados presentes no capitulo 2 desta tese.

Em relacdo as condicbes das estradas brasileiras, registros apontam (CNT, 2015)
gue temos cerca de 1,7 bilhées de quilémetros de rodovias, e um dado que nos pde
surpresos é que somente 12% (211 mil km) destas rodovias possuem pavimentagao
sendo que destas rodovias pavimentadas 26 mil Km sdo de estradas municipais
(12,6%), 119 mil Km de estradas estaduais (56,1%) e 66 mil Km de estradas federais
(31,3%), sendo as melhores condi¢cdes sdo encontradas no sul e sudeste. Essas
condicOes precdrias de transporte combinadas com situagdes climaticas desfavoraveis
de um pais tropical (altas temperaturas e chuvas intensas no verao), aumentam muito
o risco de gerar estresse excessivo aos animais durante o transporte. Por exemplo, no
estado do Mato Grosso (MT), onde se encontra o maior rebanho bovino do Brasil (28,7
milhGes) (IMEA, 2015), a malha vidria é constituida principalmente por rodovias ndo

pavimentadas, ocasionando graves problemas nos periodos de chuva, com aumento
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expressivo nos custos das movimentagdes de cargas, riscos de atolamento e
deterioracao do bem-estar animal (CNT, 2015).

Paranhos da Costa (2007) detectou quatro principais problemas do transporte
brasileiro, primeiramente visivelmente se nota a precariedade das estradas,
principalmente aquelas que dado acesso as fazendas; em segundo lugar a falta de rotas
alternativas para o transporte de animais faz com que estes sejam obrigados a
transitar sob condi¢des precarias de pavimentacdo; em terceiro ha uma total falta de
infraestrutura e despreparo para desembarcar animais em caso de emergéncias e por
ultimo e quarto lugar, a presenca de viagens longas, que no Brasil muitas das vezes nao
€ uma excecao.

No Capitulo 2 desta tese, o estudo foi realizado em duas plantas frigorificas de
grande porte da regido sudeste do Brasil, talvez ndo caracterizando e correspondendo
as situagbes vividas por outras regides, no entanto, sdo dados validos para a
caracterizacdo da situacdo brasileira uma vez que refletem de certo modo as ‘melhores
condicBes’ regionais possiveis, e assim se hd a identificacdo de problemas nestas
plantas, assume-se que em outras, a situagao encontra-se mais grave.

Em relagdo a viagem realizada pelos animais da fazenda ao frigorifico, duas formas
de mensuracdo se fazem possivel, uma abordando a quilometragem do trajeto, e outra
abordando a duragdo desta etapa. Muitos autores utilizaram da quilometragem para
expressar a intensidade do estimulo estressor (Hoffman et al., 1998; Madalena et al.,
2006), no entanto atualmente o parametro melhor aceito é se mensurar a duracdo da
viagem (Tarrant et al., 1992; Marahrens et al., 2003; Fazio et al. 2005), uma vez que
varios acontecimentos inesperados durante o trajeto sdo passiveis de acontecer e nem
sempre estdo relacionados com as distancias, provendo graves consequéncias para o
bem-estar dos animais e o produto final.

De acordo com o pesquisador Neville Gregory (2007; 2015 - comunicac¢do pessoal),
o tempo de viagem dos animais deve estar relacionado diretamente ao tempo de
jejum total que deve ser compreendido entre 12 e 16 horas, pois longos periodos de
jejum geram estresse cronico pela fome, além de também comprometer o rendimento
da carcaga. Para definir o tempo total de jejum, recomenda-se levar em consideragdo a

soma do tempo de jejum desde a propriedade, no transporte e no frigorifico.
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Para frigorificos brasileiros registrados no SIF (Servico de Inspe¢dao Federal) a
instrugdo normativa n°3 (Brasil, 2000) prevé que o jejum total ndo deve exceder 24
horas apds a chegada dos animais ao frigorifico, porém nada é descrito em relacdo as
horas de viagem permitidas. Warriss et al. (1995) destacam que o transporte de
bovinos por periodo superior a 15 horas é inaceitavel do ponto de vista do bem-estar
animal.

E sabido que o tempo de viagem tem efeito significativo no bem-estar dos animais,
estando relacionado a altas mortalidades e problemas com qualidade da carne
(Madalena et al.,, 2006). O Brasil, por possuir grande extensdo territorial e
regionalizacao dos frigorificos no sudeste e centro-oeste passa por maiores problemas
com viagens longas (Anualpec, 2010). Apesar disso, pouca atencdo tem sido dada a
duracdo das viagens e a logistica de movimentacdo do gado, com produtores,
transportadores e frigorificos desinformados, reflexo dos poucos estudos e
publicacdes brasileiras sobre o assunto. O capitulo 2 desta tese e alguns resumos
apresentados em congressos nacionais e internacionais pela autora buscam suprir essa
falta de informagao divulgando informagdes importantes sobre distancias médias
percorridas por bovinos para abate no Brasil, relatando também a presenca de casos

extremos.

6.1.2. Desembarque

O procedimento de desembarcar os animais de um veiculo de transporte podem
trazer severas consequéncias ao bem-estar animal, associado ao fato deste manejo ser
caracterizado como uma nova situacdo para o animal, fazendo com que o efeito de
novidade desencadeie sentimentos negativos nos bovinos, como o medo, com
consequente relutdancia em mover-se (Barbosa Filho e Silva, 2004). Sendo assim, o
manejador muitas vezes utiliza de instrumentos de manejos como o choque elétrico e
ferrGes na tentativa de forcar o movimento do animal, podendo gerar ainda mais
condicOes de estresse.

O uso do bastdo elétrico utilizado com a intuicdo de acelerar a movimentacdo dos
animais pode também estar relacionado com o desenho das instalagdes, por exemplo,
bovinos relutam entrar em ambientes escuros ou com um desnivel no solo,

necessitando de um tempo maior para se adaptar e visualizar este novo desafio
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parando sua movimentagdo (Van Putten e Elshof, 1978; Fraser e Broom , 1990). Casos
gque podem ocorrer nas rampas de desembarque. Outros importantes aspectos das
instalacGes que podem gerar relutancia ou até parada de movimentacao refere-se a
inclinagdo da rampa (recomenddvel ndo superar 20° para bovinos) e a presenga de
pisos antiderrapantes para evitar escorregdes e quedas (Grandin, 1982).

O ambiente em que os animais se encontravam previamente e 0 modo como eram
tratados e manejados na maior parte de suas vidas na fazenda pode ter influéncia na
forma que irdo reagir a etapa de desembarque. Trunkfield et al (1991) em seu estudo
observou que bezerros criados individualmente eram mais afetados pelo desembarque
e horas de transporte do que bezerros criados em grupo.

Os métodos para mover os animais durante a etapa de desembarque foram
descritas por Grandin (1987; 1998) e um dos erros mais comuns é forcar a saida dos
animais dos compartimentos de carga, fazendo com que os animais aumentem o ritmo
de caminhada e também aumentem o risco de golpes contra estruturas da rampa e do
caminhdo. Além de que podem ser causa de problemas como escorregdes e quedas
seguidas por pisoteamento. Os manejadores devem, neste caso, conduzir os animais
com uma formacao de fila e iniciar a movimentacdao obedecendo ao ritmo do animal
(Grandin, 1980). A mesma autora com base em sua vivéncia de anos observando
desembarques em frigorificos de bovinos afirma que a forma de manejar o gado é
passivel de treinamento na maioria dos casos, no entanto, alguns funcionarios ndo sao
capazes de mudar seus habitos e continuam manejando os animais de forma aspera,

sendo a melhor alternativa a transferéncia para outro setor (Grandin, 1980).

6.1.3. Manejo de condugdo dos animais no frigorifico

O manejo de conducdo dos bovinos dentro das plantas frigorificas constitui uma
das etapas de extrema importancia na qualidade do produto final com graves
consequéncias para o bem-estar dos animais (Grandin, 2010). Pesquisas (Jarvis et al.,
1995; Grandin, 2014; Beaver e Hoglund, 2015), claramente demonstram que vdarios
beneficios podem ser adquiridos quando o manejo é feito de forma cuidadosa e calma.

Manejadores competentes devem ter a capacidade de avaliar e entender os
estados emocionais dos animais e sua percep¢ao do ambiente, detectando sinais de

estresse e dor, prevenindo o sofrimento animal (Stookey e Watts, 2007). Para obter
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essa forma melhor de manejo alguns conhecimentos sobre caracteristicas sensoriais
do animal e a sua forma de reagdo frente a estimulos do ambiente devem ser
considerados.

Primeiramente, sob uma perspectiva evolucionaria, o bovino é caracterizado como
um animal presa, devendo estar em constante vigilia a fim de evitar e perceber a
presenca de seus potenciais predadores. Desta forma, estes animais desenvolveram
evolutivamente mecanismos sensoriais e estratégias comportamentais importantes
gue devem ser conhecidas e consideradas quando abordamos o tema manejo.

Os bovinos passam mais de 8 horas didrias pastejando (Roy e Krueger, 1982), o
que implica em permanecer na postura de cabega préxima ao solo, os tornando mais
vulneraveis a predadores; para minimizar este risco a espécie desenvolveu trés
estratégias adaptativas: a da visdo panoramica, a de refinar sua audicdo e ter
comportamento gregario.

A visdo panordamica (os bovinos tem campo de visdo de até 3302) permite aos
bovinos monitorar o ambiente ao seu redor com mais eficiéncia, mesmo quando
pastejando. A audicdo refinada e a possibilidade de movimentar as orelhas sempre em
direcdo aos sons ameacadores, também permitem melhor monitoramento do
ambiente. Outra estratégia evolutiva adotada pelos bovinos para evitar suas presas foi
0 comportamento gregario, que em situacdes de perigo fazem com que todos os
animais se juntem, uns encostando-se aos outros para se protegerem e mostrarem-se
mais fortes perante o predador (Grandin e Deesing, 2008).

A aplicacdo desses conhecimentos durante o processo de conduc¢do dos animais se
torna pratico quando se sabe que movimentos rapidos, como um funcionario correndo
ou com bracos em movimento imitam a figura de um predador, desencadeando
sentimentos negativos aos animais. Ou ainda, que os sons agudos ou altos (presentes
no ambiente de frigorifico) também sdo interpretados como ameaca. E que bovinos
guando sentem que estdo em situacoes de perigo tendem a se unir, sendo que
manejar um Unico animal sem ter o seu rebanho por perto sera desafiar sua natureza
evolutiva.

Para a condugao de bovinos pelas instalagdes do frigorifico, os funcionarios, muitas
das vezes, utilizam-se de equipamentos de manejo. O uso de equipamentos auxiliares

ndo ameacadores tais como remo, bandeiras e chocalhos podem efetivamente mover
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o gado sem necessariamente toca-los. Se o contato se faz necessdrio, este deve ser
momentaneo e firme, somente para se iniciar o movimento e ndo para desencadear
um comportamento de fuga. O manejo descuidado ndo deve ser tolerado por
aumentar a degradacdo do bem-estar animal, possuir potencial para a ndo-seguranga
humana e por causas em qualidade de carne (Swanson, 2006).

O uso do bastdo elétrico para condugdo de bovinos embora possa caracterizar um
mau manejo quando utilizado em excesso, ainda é um dos equipamentos presentes e
amplamente utilizados em frigorificos brasileiros, sendo muitas vezes o equipamento
de eleicdo. Grandin (2013) reporta que muitas vezes o choque elétrico pode prevenir
situagdes indesejadas, como por exemplo, o pisoteio de um animal que venha a deitar
durante a conducdo, no entanto deve-se ter cautela em seu uso sendo que sua
utilizacdo é considerada excelente quando 5% ou menos dos animais sdo tocados
(sendo que para fins de auditoria considera-se um evento quando o equipamento toca
o animal por periodo minimo de um segundo); é considerado aceitdvel quando 25% ou
menos dos animais sdo tocados; nao aceitavel quando mais de 25% dos animais sdo
tocados e um problema grave quando 50% ou mais dos animais sdo tocados com o
bastdo elétrico.

Eletrificar os animais com bastdes podem resultar em lesdes e dor, aumentando
significativamente as taxas de batimentos cardiacos, respiracdao acelerada e muitos
outros indicadores fisioldgicos de estresse. Rotinas que aplicam choque elétrico aos
animais refletem atitude de pouca preocupagao com as questdes concernentes ao
bem-estar dos animais (Faucitano e Schaefer, 2008) e em muitos dos casos ndo
caracterizam eficiéncia de manejo.

Grandin (1987) estudando a eficiéncia da utilizacdo de bastdo elétrico em bovinos
em condicGes rotineiras de manejo na fazenda comparou quatro funciondrios
considerados bons (que entendiam o comportamento dos animais e ndo faziam uso
desnecessario do bastdo elétrico) em uma instalagdo com movimentacdo circular e viu
gue estes podiam colocar um implante de orelha a cada 15 segundos e marcar, vacinar
(até quatro doses), colocar implante e castrar um animal a cada 45 segundos.
Enquanto que funcionarios que gritavam com os animais ou faziam uso abusivo do

bastdo elétrico precisaram de maiores tempos para realizacdo dos mesmos manejos,
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pois o tempo era desperdigado quando os bovinos se excitavam, escapando ou ficando
presos no tronco de contengao da fazenda.

As agressoes diretas aos animais também se tornam um problema durante o
manejo de condugao no frigorifico quando funciondrios ndo passam por treinamento,
uma vez que manejadores fazem o uso das proprias instalacbes para agredir os
animais, como no caso das porteiradas, gerando problemas diretos com a qualidade da
carne. Swanson (2006) relata que a agressado direta aos animais € um ato de abuso e
representa um dos parametros utilizados em auditorias de bem-estar animal, podendo
ser auditados como um ponto critico passivel de ndo-conformidade.

E notavel que a conducdo dos animais no frigorifico envolve vdrios pontos criticos,
sendo importante a manutencdo de uma boa relacdo ser-humano-animal com
treinamentos de funcionarios para um manejo favoravel as questdes de bem-estar. No
entanto, pouca atencdo é dada ao sofrimento dos animais durante esta etapa de
manejo em muitos paises Latino Americanos (Gallo, 2007), indicando que esta é uma
das areas com maior defasagem de conhecimentos e alto risco de problemas de bem-
estar animal e qualidade de carne (Gallo e Tadich, 2008). Defasagem esta que a
presente tese em seu capitulo 2 tenta suprir gerando informacdes relevantes sobre o
manejo de conducgdo e suas consequéncias para os animais quando vivos e quando

transformados em carne.

7. Relagdo entre as etapas de pré-abate e a qualidade da carne

7.1. Hematomas

E aceito que as ocorréncias de lesdes possuem um impacto negativo sobre o bem-
estar dos animais, bem como sobre a qualidade da carne (Strappini, 2009). Os
hematomas sdo responsaveis por perdas econdmicas substanciais na cadeia produtiva
da carne (Grandin, 2000), tendo como consequéncia a depreciacao do valor comercial
das carcacas e dos cortes carneos, uma vez que tecidos acometidos sdo passiveis de
descarte (Nanni et al., 2006; BRASIL, 1952).

Hematomas em bovinos é a principal causa de perdas na industria da carne norte-
americana, com prejuizos estimados a USS 75 milhdes por ano (NYS Cattle Health

Assurance Program Beef Quality Assurance Module, 2005). As perdas anuais da
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inddstria australiana sdo estimadas em USS 20 milhdes (New South Wales Department
of Primary Industry, 2005). E no Brasil as perdas sdo estimadas por animais, utilizando-
se de somente cortes nobres da carcaca na avaliacdo chegando a perdas de 117,3
gramas por animal abatido (Petroni et al., 2013).

Portanto, utilizar a ocorréncia de hematomas como indicador pos-mortem pode
nos levar a descobrir o real impacto da acdo humana. A saber, a presente tese define
como sendo contusdo (também chamada de hematoma) uma lesdo tecidual sem
laceragdo com ruptura no fornecimento vascular e acumulagdo de sangue e soro
(Hoffman et. al., 1998) e desenvolve-se geralmente apds a aplicacdo de uma forca
(Bariciak et.al., 2003) produzida por objetos que causam impacto no animal. Pode-se
ainda considerar uma contusdo qualquer lesdo que atinja o tecido muscular e tenha
uma area circular de pelo menos 10 cm de didmetro, com no minimo dois cm de
profundidade (AUS-MEAT, 2001).

Hematomas podem ocorrer em qualquer etapa da cadeia produtiva e sua presenca
revela indicios de manejo inadequado dos animais (Jarvis et al. 1995, Grandin, 2010),
seja nas fazendas, durante o embarque, transporte, desembarque, nos currais de
espera, manejo de conducdo e também durante a insensibilizagdo (Jarvis et al., 1995).
Podem ocorrer devido a impactos contra as instalagdes ou impacto contra outros
animais como em casos de pisoteio, por manejos aversivos, além do uso indevido de
instrumentos pelos manejadores (Nanni et al., 2006).

Saber o momento em que as lesdes foram desenvolvidas pode auxiliar na adogdo
de estratégias que permitam evitar novas ocorréncias de danos aos animais, evitando
também prejuizos de qualidade de carne. Desta forma, reunir informacOes
relacionadas aos eventos do pré-abate dos animais pode facilitar a identificacdo de
fatores de risco e pontos onde o bem-estar animal estd abaixo do ideal, tema do
capitulo 2 da presente tese.

A movimentacdo muito rdpida dos animais, pisos molhados, escorregadios ou com
irregularidades, projecdes pontiagudas em parte das instalagbes como portdes e
paredes sdo algumas das principais causas de hematomas (Renner, 2005). Ainda,
fatores como presenga de chifres, comportamentos agonisticos dos animais, idade,
sexo, caracteristicas do manejo, distancia, tempo, densidade e condi¢cbes do

transporte, podem afetar a ocorréncia de hematomas (Strappini et al., 2009).
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Hamdy et al. (1957) encontraram evidéncias de alteragdes bioquimicas e fisicas em
tecidos machucados em seres humanos, indicando que a estimativa da idade de um
hematoma permite a identificacdo do local e tempo da lesdo, fornecendo informacoes
sobre suas causas. A partir de entdao diversos métodos tém sido desenvolvidos e
empregados para animais, especialmente bovinos, com o intuito de estimar a idade
dos hematomas (Strappini et al., 2009).

Um destes métodos de identificacdo utiliza-se da cor e aparéncia do hematoma.
Gracey e Collins (1992), identificaram que a cor vermelha brilhante indica que o
hematoma provavelmente teve ocorréncia em até 10 horas, ao passo que um
hematoma vermelho escuro teve ocorréncia em aproximadamente 24 horas prévias. A
mudanca na coloracdo dos hematomas ocorre devido ao processo inflamatério da area
afetada, no qual macréfagos sdo recrutados para o local da lesdo e metabolizam a
hemoglobina, transformando-a em biliverdina, e posteriormente em bilirrubina
(Hughes et al., 2004).

Grandin (2000), com base em suas observa¢des pessoais, relata que as carcagas de
bovinos sdo passiveis de classificacdo em pelo menos duas categorias, a saber:
hematomas frescos (com coloracdo vermelho intenso, seja brilhante ou mais escuro) e
hematomas com dias ou semanas de ocorréncia (com coloracdo amarelada pela
presenca de bilirrubina). A identificacdo da coloracdo dos hematomas foram também
usados na presente tese, com definicdo destes dois tipos propostos por Grandin

(2000), sendo denominados no capitulo 2 como hematomas novos e velhos.

7.2. pH muscular

Além da presenca de hematomas nas carcacas, a deplecdo do glicogénio muscular
ocorrido pelo estresse do processo pré-abate pode resultar em altos valores de pH
post mortem, avaliados normalmente apds 24 horas (Kannan et al., 2002), o que ndo
se torna ideal para a conversdo de musculo em carne (Purchas et al., 1999). Carnes
com pH acima de 6,0 sdo indesejaveis por sua cor escura (Bartos et al., 1993,
Kreikemeier et al., 1998, Mounier et al., 2006), por sua grande variacdo na maciez
(Silva et al, 1999), sua facil capacidade de desidratacdo quando passagem por processo
de cocgdo (Apple et al., 2005, Zhang et al., 2005) e sua pouca palatabilidade (Viljoen et

al., 2002, Wulf et al., 2002). Altos valores de pH da carne também propiciam condicGes
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adequadas para o crescimento de microrganismos, reduzindo o tempo de prateleira do
produto (Gallo et al., 2003, Gardner et al., 2006).

Essas propriedades sdao determinadas por fatores intrinsecos e extrinsecos aos
animais. Intrinsecos como a raga (King et al., 2006), o manejo alimentar (Andersen et
al., 2005, Safiudo et al., 2004, Wheeler et al., 1996), o temperamento do animal (King
et al., 2006), e extrinsecos como os manejos estressantes do processo pré-abate
(Scaefer et al., 1997, Mota-Rojas et al., 2006, O’Neill et al., 2006) e de processamento
das carcagas, onde a presencga de tecidos conjuntivos conforme o musculo se estreita
no sentido de sua insercdo tendinosa apresenta queda de pH reduzida (Bate-Smith,
1948), além da atividade muscular que quanto mais alta, mais acelerada também se
torna a queda do pH (Gregory, 1998) e o tipo de musculo envolvido, pois nem todos
respondem da mesma forma ao estresse, apresentando diferentes extensdes de
acidificacdo (Gregory, 1998; Monin, 1981).

Desta forma se nota a importancia em se determinar os fatores que estariam
envolvidos nesta deple¢do de glicogénio que desencadeia os mecanismos observados
na carne. Apds o abate, inicia-se o processo de conversdao do musculo em carne, neste
processo ocorrem diversas alteragdes quimicas e fisicas, resultantes de degradacgdes
enzimaticas e desnaturacdes proteicas, que levam a rigidez do rigor mortis (Felicio,
1997). Com a morte e a consequente faléncia sanguinea e a supressdo de oxigenacdo a
musculatura, o musculo passa a utilizar a via anaerdbica para a obtengao de energia,
transformando o acido latico em glicose, fazendo com que ocorra a queda geral do pH
(Bendall, 1973). Logo apds o abate o pH do musculo encontra-se neutro ou
ligeiramente alcalino, passando por um processo gradual de acidificacdo até que se
estabilize na faixa de 5,6 a 5,8, quando o processo transcorre dentro de condigdes
normais (Seabra et al., 2001).

A velocidade de queda do pH, bem como o pH final da carne apds 24 horas de
abate pode ser muito varidvel em bovinos, pois normalmente a glicdlise se desenvolve
lentamente. Roga (1999) estabelece um padrdo e descreve que o pH bovino inicial (0
horas, no momento do abate) encontra-se em torno de 7,0 caindo para 6,4 a 6,8 apds

5 horas e para 5,5 a 5,9 apds 24 horas.
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Sendo assim, ter uma reserva muscular energética suficiente esta relacionada com
o metabolismo anaerdbio e a quantidade de acido latico necessario para estabelecer
niveis de pH adequados para o periodo de 24 horas post mortem (Felicio, 1997).

Quando se tem uma reserva de glicogénio muscular baixa ou inexistente (por ter
sido usada na tentativa de adaptacao aos fatores estressantes dos manejos pré-abate,
por exemplo) pode provocar o surgimento da carne denominada DFD (dry (seca), firm
(dura) and dark (escura)), caracterizada pelo pH 24 horas elevado (Safiudo, 2000).

No Brasil, para os frigorificos que exportam carnes para a Unido Europeia somente
é aceitavel pH menores que 5,8, avaliado no musculo Longissimus dorsi, 24 horas post
mortem, sendo que carnes com pH acima de 5,8 até 6,0 sdo consideradas como
desclassificadas e acima de 6,0 carnes DFD (Roga, 1999).

A carne DFD é um problema decorrente do estresse cronico pré-abate, que esgota
os niveis de glicogénio muscular impedindo a sua conversdao em acido pirdvico ou
latico pela exaustdo fisica do animal (Roca, 1999).

Para que as carcagas ndo sofram alteragGes quantitativas (hematomas) e
qualitativas (pH) é fundamental a implementacdo de um manejo pré-abate
humanitario nas industrias frigorificas, com adog¢ao de medidas preventivas de risco e
programas de treinamento de capacitacdo de pessoal, envolvendo além das questées
éticas inerentes a forma como os animais devem ser tratados, também as enormes
perdas econOmicas para a industria brasileira, pois uma carne produzida a partir de
animais bem tratados desde o nascimento até o abate tem melhor aspecto, textura e
sabor em comparagao a carnes onde os animais foram manejados em piores condi¢des

(Oliveira et al., 2008a).

8. Estresse térmico em suinos

Os produtores de suinos tém buscado formas de maximizar a expressdo do
potencial genético de animais selecionados para deposicdo de carne magra, por meio
de avangos nos conhecimentos de fisiologia, nutricdo e sanidade dos animais. Durante
muitos anos a busca da maxima eficiéncia na producdo animal esteve voltada para o
atendimento das necessidades de manejo, sanidade, genética e nutrigdo. Mas,

atualmente, os avancos nessas areas tém sido limitados pelos fatores ambientais,
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principalmente pelo ambiente térmico no qual os animais sdo submetidos (Hannas,
1999).

A resposta ao estresse acontece quando um fator ou uma série de fatores
atuam sobre a homeostase do animal (Chrousos e Gold, 1992), ativando o eixo
hipotdlamo-pituritaria-adrenal (HPA) produzindo mudancas que alteram funcGes de
crescimento e reproducdao (Armario, 2006), respostas imunitdrias (Blecha, 2000),
funcdes cardiacas (Baldock e Sibly, 1990), secrecdo de insulina (Ammari et al., 1996),
glicdlise nos musculos, lipdlise no tecido adiposo (Gregory, 1998), entre outras. No
caso do estresse por calor, o fator desencadeante desta resposta costuma estar
associado a combinacgdo entre altas temperatura e umidade do ar (Huynh et al., 20053;
Bohmanova et al., 2007).

Por serem animais homeotérmicos, os suinos apresentam maximo
desempenho quando mantidos em ambiente confortavel em termos de temperatura,
representado por uma faixa onde os processos termorregulatérios sdo minimamente
desencadeados, com utilizacdo total da energia liquida para deposicdao de tecidos
(Orlando et al., 2001).

Para suinos em fase de crescimento (entre 20 - 55 Kg) a temperatura étima gira
ao redor de 21°C, sendo que os limites desejaveis ficam entre 16 e 27°C. No entanto
para suinos em fase de terminacdo (entre 55 — 110 Kg), a temperatura étima diminui
para 18°C e os limites desejaveis também, que seriam de 10 a 24°C nesta fase (NFACC,
2014). Como se pode observar a preocupag¢do com o estresse por calor é maior entre a
fase de terminagdao, uma vez que os suinos estdao mais pesados gerando uma carga de
energia maior.

Temperaturas ambientais acima da zona de termoneutralidade (também
chamada de zona de conforto) para suinos sdo frequentes em regides tropicais como
no Brasil (Fialho et al.,, 2001) e também durantes os meses de verdo em regides
temperadas, como no caso da Espanha (Miguel et al., 2015), sendo assim a presente
tese busca reunir diferentes estratégias de manejo para lidar com o efeito das altas
temperaturas em seu capitulo 3, como forma de melhorar o desempenho de suinos na
fase de crescimento e terminagao, juntamente com a qualidade do produto final.

Sendo assim, a presente revisdo tera trés focos principais que servirdao de base

para um melhor entendimento do ultimo capitulo: a influéncia do estresse térmico no
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desempenho de suinos em fase de crescimento e terminagdo; o impacto do estresse
térmico por calor e os diferentes tipos de pisos presentes na criacao de suinos; e a

qualidade do produto final, a carne.

8.1. Estresse térmico por calor e o desempenho de suinos

Em geral, suinos tentam minimizar os efeitos do estresse por calor por dois
métodos principais, o aumento da dissipacdo de calor e a reducdo no calor produzido a
partir do metabolismo do corpo (Nienaber and Hahn, 1982; Quiniou et al., 2001).

Para aumentar a dissipacdo de calor, suinos tentam aumentar o contato
corporal com superficies mais frias que seu corpo, realizando troca de calor por
conducdo (Bull et al., 1997) ou ainda aumentando a frequéncia respiratoria, fazendo
com que aumente a quantidade de ar que entra e sai dos pulmdes, resultando no
processo de resfriamento evaporativo, que é potencializado pelo comportamento de
ofegacdo (“panting”) (Tolon e Naas, 2005). Sob as condicdes de estresse por calor este
comportamento se torna mais evidente. Entretanto a eficiéncia do resfriamento
evaporativo ndo depende apenas da expressdao do comportamento de ofegacdo pelos
animais, uma vez que se em condi¢Ges de alta umidade do ar ndo ha (ou ha pouca)
possibilidade de evaporacdo, impedindo ou dificultando a troca de calor por mais que
os animais aumentem a frequéncia respiratéria (Huynh et al., 2005b).

Outro ponto a se tratar é que, por vezes, o animal pode ndo produzir suficiente
saliva em funcdo de um quadro de desidratacdo, ficando com a boca seca, sem
capacidade de evaporar dgua (Huynh, et al., 2005b).

Além disso, sob as condi¢cOes de estresse por calor, o apetite dos animais fica
reduzido, também como uma forma de reduzir a producdo de calor decorrente do
efeito termogénico do processo de digestdo (Fuquay, 1981). O animal entdo baixa o
seu consumo, levando consequentemente a uma diminui¢cdo do crescimento. Estes
efeitos ainda podem ser potencializados pelas diversas linhas genéticas utilizadas
atualmente (Ravagnolo e Misztal, 2000; Fabrega et al., 2002; Freitas et al., 2006), que
nem sempre sdo bem adaptados ao calor.

Na fase de terminagcdo, com suinos acima de 50 Kg, ja se nota uma reducao
expressiva na ingestdo de alimentos quando a temperatura do ar é igual ou superior a

20°C, resultando em menor ganho didrio. J& em condicGes mais severas de
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temperatura (acima de 30°C) a conversdo alimentar também é negativamente afetada,
(Myer e Bucklin, 2001).

Nichols et al. (1980) demonstraram em seu estudo que suinos em fase de
terminagao sob temperaturas dentro da zona de conforto térmico (até 20°C) chegam a
ganhar 0,85 Kg/dia. No entanto, quando submetidos a condi¢cbes de altas
temperaturas (35°C) este ganho caiu para 0,31 Kg/dia. Em outro estudo, realizado em
Guadalupe, no Caribe (Christon, 1988), foi demonstrado claramente o efeito negativo
do clima quente sob o desempenho de suinos em fase de crescimento-terminagao,
com reducdo de 0,14 Kg no ganho didrio quando comparado com suinos mantidos em
condicdes de termoneutralidade. O autor observou ainda que na fase de terminagao
este efeito foi ainda maior, sendo que os animais chegaram a ter até 0,36 Kg/dia de
diferenca no ganho de peso.

Nesse mesmo estudo Christon (1998) também observou mudangas na fisiologia
dos suinos na tentativa de se adaptar ao ambiente caloroso. As alteragdes incluiram
aumento da temperatura corporal, aumento da frequéncia de respiracdao e diminuicao
da producdo dos hormonios da tireoide, que aparentemente significa um esforco por
parte do animal para retardar o seu metabolismo e assim a sua producao de calor. Em
relacdo a frequéncia de respiracdo os animais em fase de crescimento sob a situacoes
de temperatura ambiente controlada apresentaram em média 22 movimentos
respiratdrios por minuto enquanto que os suinos sob as condicdes de estresse por
calor apresentaram 102 movimentos por minuto; para a fase de terminacdo esses
valores foram de 33 e 120 movimentos respiratérios por minuto para os grupos
controle e estresse por calor, respectivamente.

Na frequéncia cardiaca o caso é parecido (Charmandari et al., 2005). Patience
et al. (2005) em seu estudo demonstraram que um suino adulto com um leve aumento
da frequéncia cardiaca em 20 batimentos por minuto durante um més, no final deste
periodo tera realizado 864.000 pulsa¢cdes a mais que outro animal que ndo passou pelo
mesmo estimulo. Fica evidente que estas pulsa¢des e ritmo respiratdrio acelerado a
mais possuem um custo energético, de tal forma que os dados produtivos de ambos os
animais nao podem ser os mesmos, refletindo em pior crescimento e piores indices de

conversao.
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Outra pesquisa realizada na Fldérida (Myer et al., 1998), mostra o efeito
negativo que um ambiente quente-Umido tem sobre o desempenho de suinos em
crescimento e terminacdo utilizando-se de condicbes praticas de granja, observando
que suinos criados durante o verdo cresceram 11% menos e exigiram 5% a mais de
racao por unidade de ganho de peso do que um grupo de suinos criados durante o
outono, quando as temperaturas ambientais eram em sua maioria dentro da faixa de
termoneutralidade para os animais.

Silva et. al (2009), encontraram em seu estudo que o consumo de alimento
diminui 40 gramas a cada grau (°C) de temperatura acima da zona de termo
neutralidade dos suinos. Porém esta relacdo ndo foi linear, mas sim quadratica, sendo
gue em temperaturas mais altas o problema se agrava. Alguns outros autores (Noblet
et al., 1994; Renaudeau et al., 2001b) consideram que esta reducdo pode variar entre
40 a 80 gramas, dependendo da genética do animal, de seu peso corporal, a
composicao da dieta e a temperatura ambiente.

A redu¢dao no consumo de alimentos normalmente se deve mais a uma
diminui¢dao na quantidade de alimento consumido em cada refeicao, do que uma
reducdo do numero de visitas ao comedouro (Levine e Morley, 1981). Porcas em
lactacdo sob estresse por calor, por exemplo, podem chegar a reduzir o consumo de
alimento em até 50% (Salak-Johnson et al., 2012).

No entanto, ndo somente o consumo alimentar que pode ser reduzido,
também deve-se considerar que os padrdes de alimentacdo também mudam sob
condicbes de estresse por altas temperaturas, aonde os animais deslocam seus
periodos de alimentacdo para as horas mais frescas do dia (Collin et al., 2001). Estudos
calculam que 69% das refeigdes que eram feitas durante o dia caem para 55% quando
a temperatura aumenta de 19°C para 29°C (Nyachoti et al., 2004).

Essas condi¢cdes ambientais quentes ndao costumam resultar em perdas de
morte, mas podem causar grandes perdas econdmicas por sua reducdo do
desempenho (Myer e Bucklin, 2001). Um estudo (St-Pierre et al., 2003) realizado nos
Estados Unidos calculou uma perda de aproximadamente 300 milhdes de délares na

industria de suinos por questdes de estresse térmico.
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8.2. Caracteristica dos pisos das baias de suinos

Suinos sdao normalmente mantidos em baias por toda a sua vida. Portanto é
importante obter informacdes sobre os diferentes tipos de pisos utilizados para
composicao destas baias, pois tém, potencialmente, um grande impacto (a longo
prazo) para esses animais. Um estudo de Pedersen e Ravn (2008) investigou a relacdo
de quatro caracteristicas diferentes do piso de suinos: o coeficiente de atrito, a
absorcdo ao choque, emissdo de amobnia e conducdo de calor. Os resultados
mostraram que ripas (“slats”) de concreto eram ideais para os animais em relagao ao
risco de escorregamentos, mas piores em relacdo a elasticidade e absorcdo de
choques, funcionando também como bons dissipadores de aménia, mas deixando a
desejar na dissipacdo de calor pelos animais.

Observando os resultados deste estudo de Pedersen e Ravn (2008), vemos
qudo complexa é a escolha de um piso ideal para suinos, onde se observam vantagens
e desvantagens persistentes. Se adicionarmos ainda o potencial que um piso tem em
manter os animais em maiores ou menores condi¢ées de sujidade, essa problemdtica é
ainda mais complexa.

Alguns autores dizem que os pisos das baias devem ser feitos de tal maneira a
fim de evitar que a urina e as fezes consigam escorrer rapidamente para o sistema de
suspensdo (pisos mais elevados), com o minimo de amdnia para o ambiente (Aarnink
et al.,, 1997), uma vez que houve um aumento de amoénia em galpdes com solo
continuo, além de se notar também uma maior sujidade dos currais quando em
comparacao a superficies com ripas.

No entanto, outro fator importante a ser levando em consideracdo é a
possibilidade de transmissao de calor possibilitado pelo contato com o piso, o que estd
diretamente relacionado ao alto coeficiente de transmissao de calor combinado com
uma elevada capacidade calorifica, o que da a caracteristica do piso ser frio, vantagem
guando os animais sdo mantidos em condicGes de estresse por calor (Pedersen e Ravn,
2008). Aliado ao tipo de material do piso, a presenca de liquidos em sua superficie
aumenta a possibilidade de trocas térmicas (Arogo et al., 1999), como no caso das
fezes e urinas.

O suino como é um animal que ndo sua (Huynh et al.,, 2005b) faz uso da

conducdo de calor com o piso para dissipar o calor corporal refrescando-se ou
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chafurdando-se em fezes e urinas quando em condigdes intensivas (Olsen et a., 2001).
Ekkel et al. (2003) relataram que em condi¢Ges de estresse por calor os suinos em fase
de terminacdo passam até 90% do dia deitados em suas fezes e urina, sendo a posi¢do
lateral a mais dominante (>60% das observacgdes).

No entanto, esse comportamento, que pode ser proveitoso para dissipacdo de
calor, pode trazer graves consequéncias para os animais e para seu produto final, em
questdes de imunidade e odor da carne. Em relagdo a amdnia (componente aversivo
para os suinos), Aarnink et al. (1996) estimou 40% de emissGes em pisos com 25% do
piso ripado, e a emissdo de 23% em pisos 50% ripados. Hoeksma et al. (1992) viu uma
emissdao de amonia de 30% em pisos 62% riapados. Altas concentragdes de amdnia em
instalacGes de suinos influenciam a producdo animal e a saude dos animais (Aarnink et
al., 1996).

Em relagdo a sujidade dos animais com consequéncias na qualidade da carne
temos principalmente a presenca de dois componentes principais: o indol e o escatol,

que terdo discussdao mais abrangente no préximo tdpico.

8.3. Estresse por calor e a qualidade da carne

8.3.1. pH

Existem dois principais problemas em relacdo a qualidade da carne em suinos
em termos de pH. Estes estdo relacionados com a razao na queda do pH (PSE, carne
palida, mole e exudativa) e em seu valor final (carne DFD, firme, escura e seca). O
primeiro ocorre quando os animais sofrem estresse agudo antes do abate (Oliver et al.,
1988) e o suinos ndo possuem reservas suficientes de energia para causar um rapido
aumento no teor de acido latico durante o periodo imediato post-mortem. Isso faz
com que se tenha uma queda no pH do musculo para valores inferiores a 6,0, antes da
primeira hora apds o abate (Briskey, 1964; Eikelemboom et al., 1976).

Por outro lado, altos valores de pH em 24 horas aparecem quando os animais
sofrem estresse cronico e usam toda a sua energia, fazendo com que o pH muscular
alcance valores superiores a 6,0 24 horas apds o abate (Tarrant, 1989). O pH muscular
maior 6,0 é indicativo de carne DFD, causando deterioracdo bacteriana da carne fresca

e importante problemas tecnoldgicos em produtos secos curados (Wirth, 1985).
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Lambooij (1988) estudou o efeito de longos periodos de estresse e a qualidade
da carne suina, observando altos valores de pH,; no musculo Semimembranosus,
associado a presenca de carne DFD. Alojar animais sob condicdes de altas
temperaturas durante sua fase de crescimento e engorda caracteriza um estresse
cronico para estes animais, aumentando o risco de ocorréncia de deplecdo da
qualidade de carne, questdo que serda abordada mais profundamente no ultimo

capitulo da presente tese.

8.3.2. Efeitos do estresse por calor no odor da carne suina

O odor sexual de suinos é caracterizado como um odor desagradavel, que
lembra ao odor de urina e fezes, percebido durante o cozimento da carne e o
aquecimento da gordura, desvalorizando o valor comercial da carne (Bonneau et al.,
1999). Androsterona (Patterson, 1968), escatol e o indol (Walstra e Maarse, 1970) tém
sido visto como os compostos responsaveis pela presenca desse odor sexual. Existe
uma discussdo acerca de qual destes compostos seria o que mais contribui para a
geracao desse odor (Bonneau, 1998), no entanto muitos estudos apontam como sendo
o escatol (Bejerholm e Barton Gade, 1992; Lundstrom e Malmfors, 1985; Lundstrom et
al., 1988; Stoier e Olsen, 1998). Dijksterhuis et al (2000) conclui que a percepcgdo e
reconhecimento do odor da androsterona parece ser de mais dificil detec¢ao quando
em comparagao com o do escatol, por isso esse se destaca.

A androsterona é sintetizada nos testiculos, e aumenta durante a puberdade
em paralelo com outros esteroides testiculares. Por isso, macho inteiros tendem a
desenvolver um mais forte odor sexual. A imuniza¢cdo ativa contra a androsterona
(castracdo cirurgica) foi durante muito tempo o método de eleicdo para reduzir os
efeitos dos maus odores nas carnes de suinos (Thompson, 2000). No entanto
atualmente tém-se experimentado em varias espécies de animais a manipulacao de
vacinas antagonistas de GnRH para bloquear o sistema enddécrino reprodutivo e
consequente diminuicdo do odor a macho (Dunshea et al., 2001).

O escatol, juntamente com o indol sdo produtos da degradacdo do triptofano
(Vold, 1970; Walstra e Maarse, 1970; Hanson et al., 1980). O triptofano e seus
metabdlitos tém sido estudados como produtos do trato gastro-intestinal com

potenciais efeitos toxicos para o hospedeiro, sendo assim eliminados pelas fezes. No



44

entanto, os metabdlitos do triptofano, podem ser absorvidos a partir do intestino,
metabolizados no figado e eliminados através da urina (Mori et al., 1978), podendo
também se concentrar na gordura dos animais, gerando o odor caracteristico de
macho inteiro.

Niveis de escatol também parecem aumentar com o avanco da puberdade nos
machos (Babol et al., 2003). Sendo assim, suinos castrados e fémeas tendem a ndo
apresentarem niveis de escatol perceptiveis na gordura (Babol et al., 1999).

No entanto, nenhum estudo foi realizado buscando entender a se os niveis de
escatol na gordura sdo mais altos em suinos submetidos ao estresse por calor, uma vez
gue esses nessas condi¢des geralmente os animais apresentam maior grau de sujidade
corporal, em funcdo de manterem maior contato com as fezes e a urina. Isto pode,
pelo menos potencialmente, resultar em maiores niveis dos compostos provenientes
do triptofano na gordura, que podem levar ao desenvolvimento de odores sexuais
caracteristicos, mesmo sob em se tratando de fémeas ou de machos castrados. Esse

serd um dos assuntos com ampla discussdo no capitulo 3 da presente tese.
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Capitulo 2

Risk factors influencing bruising, high muscle pH and cattle welfare in Brazilian

carcasses due to transport and pre-slaughter handling

Abstract - The aim of this study was investigate pre-slaughter risk factors as possible
causes of bruising and high meat pH at two commercial slaughterhouses (S1 and S2) in
Brazil. Data were recorded for 27,661 animals, using 15 pre-slaughter variables. For
transport, the type of vehicle, journey duration and road condition were assessed. For
unloading, the time spent in the queue to unload the animals, number of animals lying
in the truck, back and lateral hits at the truck’s door, frequency of animals that fell
down and were electric prodded were evaluated. During handling procedures the
frequencies of animals that fell down, that were hit by the gate, that were electric
prodded and the occurrence (yes or no) of injured and trampled animals in the lot, and
the number of animals per handling group were measured. Frequency and location of
bruises in the carcasses and meat pH were assessed, as well the animal’s categories.
Our results indicated a high percentage of carcass with at least one bruise (64.14% [S1]
and 72.16% [S2]) and a high percentage of meat pH greater than 5.8 (17.67% [S1] and
20.30% [S2]). Cows were the category with higher number of bruises. Double decker
was the type of vehicle with high risk of bruises. Animals transported for long journeys
(up to 5 hours) and in poor road conditions had higher number of bruises too. During
the unloading and driving procedure falls had a clear effect in bruises, and electric prod
use had an effect in meat pH (p<0.05). Number of animals per handling group also
affected meat pH (p<0.03). We concluded that bruises and high meat pH had
multifactorial causes and were common conditions at these Brazilian abattoirs.

1. Introduction

Pre-slaughter handling procedures have been identified as one of the prime factors
that compromise animal welfare (Ndou et al., 2011) and meat quality (Gregory, 2007),
and can impose a severe stress on the animals during the various stages up to the time
the animal is killed (Grandin, 1997; Fazio and Ferlazzo, 2003; Ljungberg et al., 2007;
Probst et al., 2012).

Pre-slaughter handling involves a complex series of operations (loading, transport,
unloading, lairage, handling and stunning) that expose the animals to unfamiliar
environments with several challenging stimuli, increasing the risk of fear, fasting,
dehydration, fatigue, physical and psychological injuries, which directly affect cattle
welfare (Fergusson and Warner, 2008). The duration of some of these procedures are

relatively short, but pose potential risks that create critical situations in the overall
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process (Grandin, 2004). Poor handling practices during this phase can ruin efforts
made by producers during much longer periods of growth and fattening at producing
an unblemished product (Villarroel et al., 2001) and can severely compromise the final
product quality (Warriss et al., 1995) from losses linked to bruises, meat pH, colour,
water holding capacity, shelf-life and technological yield (Dalmau et al., 2009).

Although several reviews on cattle pre-slaughter handling have been published
(Grandin, 1983, 1997,1998, 2000; Warriss, 1990; Swanson and Morrow-Tesch, 2001;
Ferguson and Warner, 2008) less attention has been given to identifying the critical
points and risk factors associated with the quality and yield problems (Villarroel, 2001).
In South America pre-slaughter handling has received limited attention (Gallo, 2007;
Paranhos da Costa, 2012), and specifically in Brazil there have been just ten papers
published on the subject (Paranhos da Costa, 1998; Ferreira et al., 2004; Civieira et al.,
2006; Dario, 2008; Andrade et al., 2008 and 2009; Nascimento et al., 2009, Bertoloni et
al., 2012; Petroni et al., 2013; Silva et al., 2015), and none of them involved large
numbers of animals. This is surprising considering the size of the Brazilian beef
industry, which slaughters about 33 million head per year and exports over 2,280,000
ton of beef (IBGE, 2015; Ferraz and Felicio, 2010).

This paper examined animal and environmental factors that could be relevant to
the relationships between pre-slaughter handling, meat quality and meat wastage
from bruising at two large but representative slaughterhouses located in the
southwest region of Brazilian, where most of the country’s slaughterhouse plants are
concentrated (BRAZIL, 2008). The overall aim was to investigate the pre-slaughter risk

factors as possible causes of bruising and high meat pH in cattle.

2. Material and Methods

2.1. Slaughterhouses characterization

The study was carried out at two commercial slaughterhouses (S1 and S2) in
southwest Brazil. Slaughterhouse 1 (S1), had a slaughter capacity of 100 to 120 animals
per hour (700 animals per day, on average). The plant operated between 06:00 AM

until 5:00 PM. The S1 deliveries were mostly made by own trucks, driven by the
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company’s own staff. Unloading was performed by lairage staff with some help from
the truck drivers. All handling areas had concrete floors with non-slip steps. The S1
employees (drivers and handlers) received a bonus for complying with animal welfare
rules.

Slaughterhouse 2 (S2) had a slaughter capacity of 100 to 120 animals per hour
(800 animals per day). This plant operated between 5:00 AM to 5:00 PM. Unlike S1, at
S2 the stock deliveries were mostly made by a carrier company. Unloading was usually
carried out by the truck drivers, and the slaughterhouse employees just handled the
animals from the unloading ramp to the lairage pens. The unloading area had a
concrete floor with a grid pattern in top, and the other handling areas had rough
concrete. The employees did not receive any additional compensation for complying
with the animal welfare practices.

The two slaughterhouses were under Federal Inspection Service (SIF), from the
Brazilian Ministry of Agriculture, Livestock and Food Supply (MAPA), following the
guidelines of Department of Animal Products Inspection (DIPOA), and also under
inspection on humane slaughter regulation by the Normative Instruction number 3

(Brazil, 2000). The two slaughterhouses had export licences.

2.2. Data collection

Data was collected from September 2010 to December 2011. The researchers’
visits to the plants were announced and scheduled several weeks before. All the
observers (four in total) had undergone previous training at the two plants in order to
standardize the methods and become familiar with the handling routines. An inter-
observer reliability, which refers to agreement between the four observes after they
have received reasonable training, and an intra-observer reliability, which requires that
results are largely the same when the same observer repeats assessments, were done
comparing the same data recorded by all observers.

Thirty seven days of observations were made in S1 and forty seven days in S2,
consisting of 2-day periods during alternate weeks at each slaughterhouse, giving a
total of 27,661 cattle evaluated (S1= 4,763 and S2= 22,898).The animals evaluated

were predominantly Bos indicus and Nellore cross cattle, with 256 + 47 kg average hot
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carcass weight. The absolute and relative numbers of cattle slaughtered according to

the animals’ categories are presented in Table 1 for both slaughterhouses.

Table 1. Absolute (n) and relative (%) numbers of cattle
slaughtered according to the animal categories in slaughterhouses

1and 2.
S1 S2
Animal categories n % n %
Male 2,213 46.4 13,794 60.2
Castrated male 1,012 21.2 2,586 11.29
Bull (more than 5 years) 61 1.2 116 0.5
Heifer 357 7.5 1936 8.4
Cow 734 154 2,805 12.2
Missing data 386 8.1 1,661 7.2
Total 4,763 100 22,898 100
2.3. Pre-slaughter handling

2.3.1. Transport assessment

The vehicles used for transporting the cattle were classified according to their
types (Table 2). The drivers were interviewed to define the road conditions (bad,
regular or good), number of stops made along the journey and journey duration (from
the farm to the slaughterhouse). Besides the interview, a sub-set of 33 aleatory trucks
were monitored during the entire journey from farm to slaughterhouse by using a
handheld navigation GPS (Garmin e-trex®30), in order to check the reliability of
interview information. We reached only 10.97% of disagreement, leading us to assume
that the interview data was trustable. If all the animals from one particular truck could
not be traced for the whole procedure, the animals transported in this truck were not

included in the data analysis.
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Type of Description Slaughterhouse Number of
vehicle (number of animals
journeys) transported
(% of total)
T1 Not articulated truck, with three S1 16,701
axles and one deck. This vehicle (33 journeys) (70.45%)
has capacity to transport around S2 (1076
18 (£ 3)cattle. It is the most journeys)

T5

common vehicle used for cattle
transport in Brazil.

Not articulated truck with two
axles and one deck. This vehicle
has capacity to transport around
10 (% 4) cattle. It is used only by
small farms.

Articulated single trailer truck,
with three axles and one deck.
This vehicle has capacity to
transport 22 (+ 4) cattle, on
average.

Articulated single trailer truck,
with three axles and one deck. It
has the capacity to transport 21
(£ 4) animals, on average. This
vehicle differs from T3 only in the
entry/exit door design, T3 (and
all others) had a guillotine door,
and this (T4) a sliding door.

Articulated double trailer truck,
with four axles and one deck.
This vehicle has capacity to
transport around 36 (+x 7)
animals.

Articulated single trailer truck,
with two decks and five axles. It
has the capacity to transport 39
(* 8) animals, on average.

S1 (5 journeys)
S2 (7 journeys)

S2 (67
journeys)

S1(86
journeys)

S2 (183
journeys)

S1 (67
journeys)

106 (0.76%)

1,418
(4.25%)

1,780
(5.46%)

5,226
(13.39%)

2,334
(7.15%)
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2.3.2. Unloading assessment

Unloading assessment was carried out just after each truck arrived in the
slaughterhouse. A total of 1,130 unloading procedures (S1 = 204 and S2 = 926) were
assessed, recording: a) The number of animals lying inside the truck compartments,
describing if the animals were in ventral or lateral recumbency; b) occurrence of
mixing different categories of animals in the same compartment (e.g. mixing heifers
with cows or bulls with castrated / non-castrated males); c) the time to unload the
animals, from the time between arrival of each truck at the slaughterhouse facilities
until to start of the unloading procedure; d) number of animals that fell down
(considering a fall as when any part of the cattle’s body touches the ground, except the
hooves); e) animals electric prodded during the unloading procedures (yes or no); and
f) number of animals that hit the lateral or back parts of their bodies on the trucks
doors. These measurements were carried out for all animals unloaded each time, no
individual records were taken, the total number of events was then divided by the
total number of animals transported in the each truck, generating a percentage of

each event per unloading procedure.
2.3.3. Pre-stunning handling assessment

Pre-stunning handling was assessed for groups, without mixing any animals from
different pens, in the lairage. The number of animals per handling group was decided
by the lairage person in charge of driving the animals. The size of a handling group was
classified into three categories: small = less than 35 animals; regular = from 35 to 70
animals; and large groups = more than 70 animals driven at the same time. A total of
153 animal handling groups were assessed in S1, and 483 in S2. At the end of each
assessment we calculated the percentage of each event occurrence per individual.

The recording of the animals during driving up to the slaughterpoint started when
the first animal in a handling group entered the sprinkler area and finished when the
last animal of the group entered the stunning box. The features that were examined
were : a) animals hit by a gate, by recording when the handler forced the gate against

the animal’s body; b) frequency of animals electric prodded, defined by the contact of
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the electric prod with any part of the animals’ bodies; c) frequency of animals falling
down, when any part of the cattle body touched the ground, excluding the hooves; d)
frequency of trampling, defined by the number of animals that were trampled by other
animals after falling down. The number of animals injured (presenting any type of
open wound) and the need for emergency slaughter (when the animals were stunned
in the lairage) were also recorded. Emergency slaughter usually occurred in cases of

fractures, inability to walk or severe compromise of gait from a serious injury.

2.4. Bruise assessment

The bruises assessment was carried out in the slaughter line, just after skinning.
Bruises were defined as a tissue injury with rupture of vascular supply and
accumulation of blood and serum (Hoffman et al., 1998), and normally developed after
a blow or an impact by an object, strong enough to damage the tissues and disrupt the
blood vessels (Bariciak et al., 2003). The bruises were visually scored, recording their
anatomical location, considering four regions: forequarter (A), back (B), rib (C), and
butt (D), as illustrated in the Figure 1. The bruise colours were also classified, recording
the fresh bruise (new), represented by those with bright red colour or bleeding
bruises, and an old bruise, represented by those with dark red, brown or yellow

colours.

A A
P S TN

o N N A

Figure 1. Carcass scheme with the anatomical regions assessed for bruises.
A=forequarter, B=back, C= rib and D=butt.
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2.5. Meat pH measurement

Meat pH was measured in the Longissimus dorsi muscle, between the 12" and 13™
rib, 24 h post-mortem, on both sides of the carcass, calculating the pH mean for each
carcass. The pH meter (DM 22, Digimed, Sdo Paulo, Brazil) used in this study was
provided by the slaughterhouses and was calibrated with the standard instrument of
the company that was inspected previously by an official organ (INMETRO) and

certified by official government organ (Brazil, 2005).

2.6. Statistical analysis

All statistical analyses performed in this study were carried out using Statistical
Analysis Software (SAS Institute Inc., Cary, NC, version 9.2) and a probability level of P<
0.05 was chosen as a limit for statistical significance in all tests. Descriptive analysis of
carcasses with bruises and pH,4 greater than 5.8 and 6.0 were analysed by PROC FREQ.

The effect of animal category (castrated male, non-castrated male, bulls,
heifers and cows) on the pre-slaughter handling measures, bruises and pH,; was
performed using PROC MIXED for response variables with normal distribution (meat
pH, journey duration, time to unload the animals) and PROC GENMOD for variables
with negative binomial (number of stops during the journeys) or Poisson distribution
(total number of bruises, number of new bruises, number of animals lying in the truck,
number of animals that fell down during unloading, back and lateral hit at the truck
door, numbers of animals that fell down, hit by gates and electric prodded during
driving). The variables in percentage were included on PROC GENMOD analysis.

To test the risk of bruises and high pH,4, all variables measured during pre-
slaughter handling were classified into categories according the quartile distribution,
and the effect of each category tested with PROC MIXED with normal distribution for
pH24 and PROC GENMOD with Poisson distribution for bruises, with a linear model
fitted.

A chi-square test was used to study the difference between the variables

measured as percentages (road conditions, lot electric prodded during unloading,



74

emergency slaughter, number of animals per handling group, and occurrence of

trampled and injured animals).

3. Results and Discussion

3.1. Bruise assessment

We observed 55,329 bruises in 27,661 carcasses, which means an average of
two bruises per carcass, most of them (51.21%) with a new appearance (bright red
colour or bleeding). Carcasses without bruises represented just 29.21% of the data
recorded; however carcasses that had at least one bruise comprised 70.78% of the
whole data setting (with 7.54% having grave bruises - with more than five bruises in
the same carcass, and the other ones with one to five bruises - 63.24%). By anatomical
region of the carcass, we found that most of the bruises were in the rib region
(39.30%), followed by butt (33.83%), forequarter (14.45%) and back (12.39%).

The incidence of carcass bruises can be a good indicator for evaluating the bad
health condition of animals during pre-slaughter handling, since the presence of
bruises indicate failure in management and in addition to welfare problems, they also
represent economic losses to producers, industry and consumers (Grandin, 1998).

A few researchers have sought examined the economic consequences of
bruises in cattle carcass in Brazil. Ferreira et al. (2010) using data provided by one
slaughterhouse in Araguaina, a Brazilian municipal district located in Tocantins state,
calculated that the economic losses from bruises are around RS 116,550.00, which
means 11.92% of meat losses in this slaughterhouse.

Bertoloni et al. (2012) estimated the bruising incidence in Mato Grosso state
using 3,415 Nelore cattle and found that 60% of carcass had at least one significant
bruise that had to be removed from the carcass by trimming. Another study, by
Andrade et al. (2008), in a specific region of Brazil, called Pantanal, where the animals
were transported by river showed that 84.3% of 121 cattle carcass had at least one
bruise, with 46,36% of the meat discarded. Also Andrade and collaborators in 2009
using cattle providing by seven different Pantanal regions found that 88.5% of 209
cattle assessed were bruised, with losses of 0.460 Kg of meat per animal. Similarly,

Civieira et al. (2006) found an average of 2 to 4 bruises in 384 cattle evaluated in one
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slaughterhouse in Rio Grande do Sul state with the rib as the main carcass region
affected, and Nascimento et al. (2011) showed that 66% of the carcasses in Para state
were bruised.

Southwest Brazil has few reports on the incidence of cattle bruises, with only
four published papers. First, in a survey done by Paranhos da Costa et al., (1998) during
a beef quality control program for the Fund for the Development of Livestock in the
State of Sdo Paulo (Fundepec), found that 50% of the animals evaluated had at least
one bruise; secondly Dario (2008) reported that 66% of 3,112 carcasses were bruised
in the municipal district of Bauru, state of Sdo Paulo, with the butt the most affected
region (80.9%), third in Minas Gerais State, Andrade and Coelho (2011) found an even
higher percentage of carcasses bruises (92.1%) and finally Petroni et al. (2013) showed
that on average 3.37 bruises were present per carcass in 898 animals evaluated in
central region of S3o Paulo state.

In the present study, the region (including only Minas Gerais and S3o Paulo
states) is responsible for 19.46% of the slaughter performed in Brazil (IBGE, 2015).

Comparing our results with other Latin America countries, we found that the
our incidence of bruises (70.78%) was higher than that found by Romero et al. (2013)
in Colombia (37.5%), by Strappini et al. (2010) in Chile (20.8%) and with those reported
by Huertas et al. (2010) in Uruguay (60.0%). However, each of these papers had their
own unique features which could have influenced the amount of bruising: the mean
transport time in Colombia was just 1.97 h; in Chile 60% of the animals were sold
through a livestock market before arrival at the slaughterhouse and in Uruguay the
type of animal used was Hereford, Angus and their crosses distinguishing them from
the Bos indicus reported in this paper.

If we assume that each bruise in our study resulted in an average removal of
500 to 600 grams (Marshall 1976; McNally and Warris, 1996) or even 1Kg of meat per
lesion per animal as suggested by Huertas et al., (2003), we are talking about great
economic loss for the beef production chain in Brazil, and in general, we can say that
the Brazilian industry produces carcasses with a relatively high frequency of bruises
(Paranhos da Costa et al., 2012), imposing greater meat losses, in addition to the

welfare problems that are intimately associated with those bruises.
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In Brazil, cattle bruises have greater economic importance because Brazil
supplies higher priced markets (Gallo and Huertas, 2015). Based on this, quantifying
the bruising losses becomes a more important research strategy as well as the critical
animal welfare considerations.

In relation to the location of bruises, our results pointed out that the rib region
followed by butt had the higher bruising frequencies. The rib zone is a very popular
cut among Brazilian people and 39.30% of bruises in this region imply a great
disservice to local consumers and stakeholders. The butt zone had 33.83% of the
carcass bruises. The butt is the most valuable region and this high percentage had a
high impact on losses from an economic point of view. In Brazil the slaughterhouses
pay the producers only after trimmed meat has been removed, and this increases the
economic losses.

Petroni, et al. (2013) found for Brazilian animals that the most common regions
affected were firstly the butt followed by the ribs. Comparing with Latin America the
butt region was also the one with the highest number of bruises according to Huertas
et al. (2003), Romero et al. (2013), and to Hoffman et al. (2012) in Namibia.

The variation in the results between authors may be due to different
production systems and/or different methodologies for the diagnosing and recording
bruises (Huertas et al., 2015). The high percentage of rib bruises found in our study
may have been due to the fact that we didn’t separate the rib into more specific
regions like the studies cited above, and we didn’t using rump-loin and hip as separate
regions. The author’s opted to use just the four subdivided anatomical regions of the
carcass, since in Brazilian federal slaughterhouses which have high-speed of slaughter
lines, this bruise assessment protocol could be applied easily in the future as an official

way of assessing this aspect of animal welfare at each slaughterhouse.

3.2. Meat pH assessment

Our results showed that around 20.25% of the carcasses presented meat pHy,
values higher than 5.8. Carcasses with pH,4 lower than 5.8 were classed as normal

quality, and represented the highest proportion of the carcasses evaluated (79.75%).
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The importance of pH measurement centres around the depletion of glycogen in
muscle, which depends on physical exhaustion and psychological stress during the pre-
slaughter process (Nockels et al., 1996; Immonen and Puolanne, 2000), resulting in
high pH values post mortem, normally after 24 hours (Kannan et al., 2002), which is not
ideal for muscle conversion into meat (Purchas et al., 1999).

High meat pH is undesirable because of its dark colour (Bartos et al.,
1993, Kreikemeier et al., 1998 and Mounier et al., 2006), high variation in tenderness
(Silva et al., 1999), increased water holding capacity (Apple et al., 2005; Zhang et al.,
2006) and poor palatability (Viljoen et al.,, 2002; Wulf et al., 2002). High pH also
promotes growth of proteolytic microorganisms which leads to the development of
off-odours, often slime formation and reduction of meat shelf life (Gallo et al.,
2003 and Gardner et al., 2001).

Beef with pH,4 values higher than 5.8 was classed as devalued in terms of meat
quality, in accordance with previous studies (Viljoen et al., 2002; Mach, et al., 2008)
and it is also a limit in the meat export trade from Brazil. The European Union, for
example only imports Brazilian cattle meat when the pH is below 5.8, and 60% of
Brazilian cattle exports are for the European Union, involving about USS 6 billons
(ABIEC, 2015).

Comparing our percentage of meat pH,s greater than 5.8 with Latin American
Countries’ we found that Brazil has lower values than Romero et al. (2013) who
obtained 37.3% for this conditions in Colombia and higher than Strappini et al.(2010) in
Chile, where 19.6% of the carcasses presented pH values similar or equal to 5.8 to 6.0.

However, comparing with U.S.A. and European countries we genuinely had high
percentages, as Kreikemeier and Unruch (1993) found just 1.7% in U.S.A.; Mounier et
al. (2006) with 4.02% in France and Mach et al. (2008) with 13.89% in Spain.

Several factors influence the post mortem pH decrease, including genetic
constitution of the animal, different metabolic factors (Pipek et al., 2003), pre-
slaughter handling (Lambooij et al., 2012), facilities design and also the attitude and
competence of handlers (Grandin, 2013). This makes it complicated when comparing
different countries; but this kind of comparison give us a useful overview of the

Brazilian situation in the international meat market.
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3.3. Animal categories

The cows were the animal category that had the most bruises, and they also
had a high percentage of carcass with grave bruises (when the same carcass had more
than 5 bruises) (Table 3 and 4).

Cows are often discarded or culled animals often with low body score, which
according to Weeks et al. (2002) increases the bruising risk because of the fragile
physical constitution, wherein those differences were related to fat thickness and fat
cover. This was corroborated by Grandin (1998) and Hoffman and Luhl (2012), in
conjunction with devalued meat quality.

Cows also were the category that received high percentages of electric shocks
during pre-stunning handling, accompanying castrated males (Table 3), where cows
received a minimum of two electric shocks between the sprinkler shower area and the
stunning box.

The electric goad was used routinely during pre-stunning handling in some Latin
America countries and was used more frequently if cattle were reluctant to move
forward as in the cow category. According to Grandin (2013) electric prod use is only
allowed in exceptional cases to induce resistant cattle to move and should not be the
first resource used by the stockperson. The high shocks frequencies in this category
and in some of the others indicate a negligent act by the slaughterhouses (Table 3).

Bull had high meat pH values and high percentage number of devalued and DFD
carcasses, being statistically different from castrated males and heifers in terms of DFD
(Table 3 and 4). In Brazil, as bulls are normally animals with high age and high weight, it
is reasonable to think that these factors may be influencing the properties and
structure of muscle and meat physiology as shown in meat quality studies (Mojan Raj
and Moss, 1992; Weeks et al., 2002; Safiudo et. al., 2004).

Presence of bulls in the truck was linked with more animals lying down inside
the truck at arrival, and with more falls during unloading and high means for back hits
at the truck’s doorway (Table 3).

Bulls are reactive animals with more aggressiveness in instable situations,
(Mounier el al., 2006), which could destabilize the other animals in the truck increasing

the number of animals that fall down (Knowles, 1999). Nanni el al. (2006), in their
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study of bull behavior during pre-slaughter phases mentioned that the sum of events
such as slips, falls, reversal and baulking reached more than 50% of the total aversive
events all of which may increase the possibility of generating bruises. Bull are also
relatively tall animals, measuring on average 136.06 (+ 5.04) cm posterior height for
Nellore breed (Yokoo et al., 2007) and with an additional height at the hump, which
could influence the high number of back hit events found during unloading.

However, for lateral hits at the truck doors, heifers stands out, being the
category with high means for lateral hits (Table 5). Heifers in general are reactive
animals (Strappini et al., 2010) with high flight speed in temperament tests, compared
with males (Fordyce et al., 1985). From the point of view that the truck journey in
general is an aversive stimuli for the animal (Dalla Costa et al., 2007), it is reasonable to
think that heifers will increase their flight speed during unloading and as consequence
have an increased risk of lateral hits.

Castrated males were the category of animal that were transported over long
hours (Table 3). There are specific markets interested on castrated animals, once this
condition alters the animal growth rate and carcass characteristics, due the
modification of hormonal status (Hunt et al.,, 1991), such as protein and fat
proportions (Gariépy et al., 1999). Therefore, to achieve this specific market, the
slaughterhouses have to buy animals in specific farms, with probably increase the

journeys time, because the irregularly distribution of these in Brazil.
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Table 3. Least square means and standard errors for number of bruises (total), meat pH, transport, unloading and driving variables by each animal

category.
Category
NCM c™m Bulls Heifers Cows
AW indicators 1} SE 11 SE 11 SE 11 SE T} SE
Bruises Total (n) 1.48%  0.01 2.38° 0.04 2.58"  0.19 2.76°  0.04 3.87° 0.04
pH pH (n) 5.76°  0.001 5.73°  0.002 5.77°  0.01 5.74°  0.002 5.73°  0.002
Transport  Journey duration (h) 3.71° 0.03 5.85° 0.13 2.49°  0.15 3.42° 0.06 3.85°  0.05
Journey stops (n) 3.38°  0.02 4.49°  0.09 2.52¢  0.15 3.35°  0.04 3.81°  0.05
Unloading  Wait for unloading (h) 0.53*  0.005 0.50° 0.008 0.57*  0.02 0.51* 0.01 0.48° 0.009
Lay animals (n) 3.19°  0.06 4.22° 0.16 4.65°  0.60 1.78° 0.10 3.15°  0.11
Falls (n) 1.74°  0.03 2.57°  0.08 2.88°  0.37 1.36° 0.06 2.42°  0.07
Back hit in truck’s door (n) 3.08°  0.07 1.93¢  0.07 9.89°  1.37 1.08° 0.08 2.06° 0.08
Lateral hit in truck's door (n) 14.66° 0.12 15.97° 0.24 12.97 124  16.62° 0.33 13.46° 0.26
Handling  Gate hits (n) 0.051° 0.0005  0.073° 0.001  0.071* 0.008 0.039° 0.001  0.059°° 0.001
Falls (n) 0.023° 0.0003  0.042° 0.001  0.042% 0.005 0.040° 0.001  0.047° 0.001
Electric prod use (n) 2.19°  0.01 1.85°  0.02 1.85°  0.10 1.88° 0.01 2.13°  0.01

Within line superscripts different letters indicate significant differences between the categories, at p<0.05, u - average, SE — standard error,
NCM — non-castrated males, CM — castrated males.
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Table 4.Percentages of animals with more than 5 bruises, devalued meat pH and DFD, unloading
and driving procedures by each animal category, with p < 0.05 of significance.

Category

AW indicators NCM cm Bulls Heifers Cows
Bruises More than 5 bruises 3.45¢ 10.14°  15.25°  10.34°  22.00°
MeatpH  DFD (2 6.0) 0.34% 0.17° 1.13°  0.09" 0.42°

Devalued meat 23.56° 21.90°°  28.25%  23.24° 20.19°

(pH=>5.8 and < 6.0)
Unloading Electric prod use 19.06°  30.03°  27.74°  10.84°  29.99°
Driving Small group size 19.00°  35.97°  61.54° 4475  54.79°

Within line superscripts different letters indicate significant differences between the categories, at
p<0.05, NCM — non-castrated males, CM — castrated males.

3.4. Pre-slaughter factors influencing bruises and pHy,4

3.4.1. Transport

Within the type of vehicles analysed, T2 was the truck with highest total bruise
values (Table 5). As previously indicated (Table 1), this type of truck, is a small vehicle
transporting a selected group: e.g. discard/cull animals from small farms. Hoffman and
Luhl (2012) mentioned that animals considered as discards had up to 83% of the
carcasses condemned for the presence of bruises.

Disposal animals tend to have more bruises than the others, as demonstrated by
Hoffman (1998) with mature beef cows marketed through livestock auctions
conducting first-point testing for brucellosis, especially when transported longer
distances (> 325 Km) to slaughter facilities, had a greater number and severity of
carcass bruises than cows originating from ranches or livestock auctions not
conducting first-point testing, supporting the bruises results found related to type T2.

The other vehicle that stood out with a high total bruise mean was T3. Comparing
this type of vehicle with the others for travel time and road condition, T3 was the

vehicle that had longer hours transported (5.69 + 0.15, p<0.05) and also was the
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vehicle that had a high percentage of transport on the worst road conditions (12.62%,
p<0.04), which probably increase the bruise risk for this truck category.

In the bruises considered new (bright red colour or bleeding) T5 had the highest
mean. T5 type vehicle was considered high for bruise risk by Strappini et al., (2009),
because of the inherent physical size of the truck and a large number of animals
transported, resulting in disturbance during transport and unloading, which was
confirmed in our data with the presence of high number of animals lying in the truck
on arrival (4.80 £ 0.16, p<0.05), falls (2.96 £ 0.07, p<0.05) and the high number of
lateral hits during unloading (10.30 + 0.15, p<0.05) for this type of vehicle.

T6 had high means for back hits against the truck’s doorway (6.01+ 0.13, p<0.03).
T6 was a double-decker vehicle with ramps inside which physically decreased the
space for the animals. According to Huertas et al. (2010), this type of vehicle devalued
the animal welfare conditions and was also correlated with bruises at r=4.81. In our
results we didn’t find any correlation between T6 and bruises, and we found just the
opposite where this vehicle had less bruises (Table 5). However, an interesting feature
with this type of vehicle in Brazil is that it mostly performs short distance transport
(1.35 £ 0.01, p<0.001). Associated with this is the slaughterhouse strategies that they
prefer to send outsourced vehicles to travel long distances, than use its own fleet,
adding to this also was the awareness amongst the slaughter companies that this
vehicle had a high risk of bruising and so they did not want to use it on long distance
journeys.

Concerning journey duration, animals that were transported for more than 5 hours
had significantly more bruises than transporting for shorter times (Table 5), indicating
that long journey periods increased the frequency of bruises, as also found in literature
(Yeh et al., 1978; Grandin, 1989; McNally and Warriss, 1996; Hoffman et al., 1998;
Villarroel et al., 2001 and Gallo et al, 2003).

Hoffman, et al. (1998), found that for each additional hour travelled from 6 hours
of transport there was a 0.2 bruise / carcass increases. In our results animals
transported for more than two hours began to have more bruises in the carcass (Table
5).

A separate study conducted in Brazil, assessed the blood lactate levels during cattle

transport to assess welfare problems during transport in different distances (Batista de
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Deus, 1999). They found a high concentration of lactate in distances above 240 Km
(more than 3 hours of travelled), indicating a higher stress for the animals, which may
lead to an increased number of animals lying down and thus greater incidence of
bruising. Our data showed bruising effects shortly before this time, with just two hours
of transport.

Animals transported in bad or regular roads conditions in our study also had high
bruise mean values (Table 5) and 45.70% of the carcass that had pH over 5.8 were
transported in bad or regular road conditions as well. Huertas et al. (2010) also found
that bad roads had an important impact on bruises and Ruiz-de-la-Torre et al. (2001),

working with lamb transport, found lower pH on smooth roads than on rougher roads.

Table 5. Means (+SE) of the total and new bruises per carcass according to
the type of truck, journey duration and road conditions.

Bruises
Total New

Variable Categories Tl SE M SE
Type of truck T1 2.03° 0.01 1.00° 0.01

T2 2.17°*¢ 0.06 01.53% 0.04

T3 2.16° 0.03 1.02° 0.02

T4 1.89° 0.21 0.82° 0.19

T5 2.10° 0.06 1.36° 0.04

T6 1.69°° 0.04 1.03° 0.03

Journey duration (h) less than 1 hour 1.79°  0.07 0.93% 0.05

1 -2 hours 1.70¢  0.02  0.93% 0.01
2.1-3 hours 2.19° 0.04 1.19° 0.03
3.1-5 hours 2.05° 003 1.00° 0.02

More than 5 hours 2.48° 0.04 1.37°  0.03

Road conditions Bad 2.41° 0.05 1.30° 0.04
Regular 2.32°  0.04 1.30° 0.03
Good 1.89° 0.02 0.97° 0.01

Within columns superscripts with different letters indicate significant
differences between transport variables and bruise and pH parameters, at
p<0.05, 1 - mean.
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3.4.2. Unloading

Our results didn’t find a clear effect on bruises from truck waiting time (Table 6),
but for pH we found that 26.33% of the carcass that had devalued pH (5.8 to 6.0)
waited more than one hour in queues. The time waiting for unloading occurred from
the moment a vehicle arrived at the slaughterhouse until unloading, and this is an
important parameter to measure as it indicates how long the animals are enclosed in a
cargo compartment, while exposed to unfavourable conditions of ventilation, solar
irradiation, the possibility of fights and mounting. Stationary trucks pose dehydration
and heat stress risk in cattle (Grandin and Gallo, 2007), especially in summer months in
Brazil, increasing animal stress and as consequence the pH of meat. According to
Broom (2005) these effects could be worst when mixing animals of different origins.

The number of animals lying in the truck had a clear effect on bruises (Table 6) with
more than 25% of animals lying down bruises increase (r=0.18). Animals that arrive in
the slaughterhouse while lying down, could indicate that they had suffered from
trampling during the transport, as has been well studied (Strappini et al., 2009;
Grandin, 2000; Gregory, 2007) and found to be an important bruise factor. Also the
downer animal could destabilize the others causing more animals to lose their footing
(Knowles, 1999), worsening the situation inside the cargo compartment.

During unloading, we also found an effect on bruises when animals received
electric shocks and when more than 25% of the animals suffered falls (Table 6).
Grandin (1991) also found that electric shocks affected bruising, and Knowles (1999)
and Gallo et al. (2003) reported high percentage of bruises related to falls. Unloading is
a potentially stressful procedure which has an important animal welfare impact and
should be taken more into consideration when slaughter animal welfare protocols are
applied (Von Holleben, et al., 2003), a fact that is still neglected in Brazil.

Our results also showed that animals that hit their back or lateral part of the body
against the truck’s door, didn’t have a clear effect on the total number of bruises
(Table 6), neither for the specific body region that the bruises affected (back region for
back hit and forequarter for lateral hit), contradicting the findings of Strappini (2013),
showing that the impact of any part of the animal’s body against solid structures,

increase the bruise risks. But our results could be explained by the fact that the
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observers can’t measure the real force applied during the event, thus hits that may not
be considered strong enough to cause a bruise were also measured. The same could
be applied to gate hits during pre-stunning handling which also didn’t have a clear

effect on bruises (Table 7).

Table 6. Means (+SE) of total and new bruises per carcass during the unloading
procedure according to the time for unloading, animals lying inside the truck, animal
falls, back hits, lateral hits and electric prod use.

Bruises
Total New
Variable Categories M SE M SE

Time to unloading (h) Less than 0.5 hours  2.19° 0.02 1.26° 0.01
0.5 -1 hours 2.26° 0.04 1.11° 0.02
More than 1 hour  1.71° 0.04  0.94° 0.02

Lay animals in truck No one 1.91° 0.01 099 0.01
Less than 5% 1.87 006 1.01* 0.03
5-15% 2.08° 0.03 1.12° 0.02
16 -25% 331° 012 1.76° 0.09
More than 25% 4.25* 0.21 2.65° 0.17
Fall 0 falls 1.91° 001 1.00° 0.01
Less than 5% 1.94° 006 1.13° 0.04
5-15% 235°  0.04 1.19° 0.03
16 -25% 261° 019 148" 0.12
More than 25% 10.83° 1.09 8.77° 1.18
Back hit in truck’'s door 0 2.06° 002 1.08" 0.01
Less than 5% 1.52° 0.06 0.75° 0.04
5-15% 2.08° 004 1.10°° 0.03
16 - 25% 1.74° 0.10 0.93° 0.07
More than 25% 1.95® 013 1.31° 0.11
Lateral hit in truck’s door 0 1.84° 0.03 1.02° 0.02
Less than 5% 1.60° 0.10 0.86° 0.07
5-15% 2.13*  0.03 1.13* 0.02
16 — 25% 2.15° 0.03 1.13* 0.02
More than 25% 1.92° 0.03 0.95° 0.02
Electric prod use No electric prod use 1.94°  0.01 1.00° 0.01

Use of electric prod 2.33* 0.04 1.31° 0.03
Within columns superscripts with different letters indicate significant differences
between unloading variables and bruise and pH parameters, at p<0.05, i - mean.
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3.4.3. Animal driving to the slaughterpoint

We found that the animal lot that had more than 25% falls also had increased
bruising (Table 7), but there was a low correlation (r=0.10). Falls characterize poor
handling welfare during pre-stunning management associated with the facilities
(Grandin, 1998). The effects of the facilities were not taken into consideration in this
study, but the high number of falls in the slaughterhouses can be explained, at least in
part, by the high slope of the ramp in the S1. This indicates that the handler attitude
does not guarantee the full conditions of good handling procedure, and instead it
depends on the human-animal-facilities triad (Barbalho, 2007).

Electric prod use during driving had a very limited effect on high pH meat (r=0.10)
and no effect on bruises (Table 7). High meat pH (higher than 6.0) measures could
occur when cattle experience acute stress immediately before slaughter with causes
increased rate of post-mortem acidification (Tarrant, 1989; Pipek et al., 2003; Lambooij
et al., 2012), but Strappini, (2013) also said that experiencing acute stress makes the
animal more reactive, increasing the risk of impacts against solid structures, causing
bruises. Grandin (1991 and 2000) reported that the electric prods in almost 60% of the
cases showed a positive correlation with the presence of bruising, contradicting our
results that didn’t find bruise effects, probably due to other confounding factors.

Evaluating the handling group size, we saw that electric prod was used more when
big groups were driven (2.09 * 0.80, p<0.0001) and also that big groups had high meat
pH values (5.76 + 0.001, p<0.04), however for bruise parameters the smaller groups
were the ones which had the high means (Table 7).

It is advisable to drive animals in small groups in order to have more control over
the animals, avoiding trampling (Grandin, 2000). Cattle driven in small groups showed
calmer behavior resulting in less bruising (Strappini, et al. 2009).

However, our results contradicted Grandin (2000) and Strappini (2009) where the
high bruise means were present in small handling groups and not in the big ones. This
is because, slaughterhouses in Brazil, had a common practice of not mixing animals lots
from different farms during handling, and also it is common to discard animals from
small farms in smaller groups. Therefore, it is not group size itself that influences the

high average bruising, but the intrinsic animal condition of smaller lots.
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Additionally, Grandin (2000) in her book said that handlers during the handling
procedure should not pack the animals too tight, with crush and suffocation risks, but
on the other hand, animals held too loosely may fall and be injured as a result of
sudden movement.

Also animals that were trampled and injured in our study had higher bruise means
(Table 7).

Injury in this study was classified as any lesion with blood extravasation. This makes
us think that the blood can be absorbed by adjacent tissues, becoming a visible bruise
along the chain (Hamdy, 1957) and animals trampled had high risks of bruising as
described in the literature (Warriss, 1990; Grandin, 1998, 2013).
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Table 7. Means (+SE) of total and new bruises per carcass during
driving procedure according to gate hits, falls, electric prod use,
group size, and animals trampled and injured.

Bruises
Total New
Variable Categories Tl SE Tl SE
Gate hits 0 2.24°  0.03 1.08* 0.02
Less than 5% 1.81° 0.02 0.78° 0.01
5-15% 2.19° 0.02 1.08* 0.01
16 — 25% 2.11° 0.07 0.84° 0.04

More than 25% 1.84* 0.12 1.11° 0.10

Falls 0 1.89° 0.02 0.85¢ 0.01
Less than 5% 2.06° 0.03 0.91° 0.02
5-15% 2.41° 0.04 1.27° 0.03
16 —25% 2.93° 0.13 1.77° 0.10

More than 25%  3.47° 0.18 1.72° 0.12

Electric produse 0 1.81° 0.05 0.99° 0.04
Lessthan 15%  4.12° 0.48  2.40° 0.30
16 - 25% 231° 0.18 1.17° 0.11
26 - 50% 1.60° 0.10 0.89° 0.08
50 - 100% 2.02° 0.08 093" 0.06

More than 100% 2.11° 0.01  0.98° 0.01

Group size Small 2.50° 0.03 1.33% 0.02
Regular 1.88° 0.02 0.79° 0.01
Big 1.93° 002 0.89° 0.01
Trampled Trampled 2.55°  0.09 1.49° 0.06

Not trampled 2.07° 001 097° 0.01

Injured Injured 2.58° 0.11 1.42° 0.08

Not injured 2.07° 0.01 0.97° 0.01
Within columns superscripts with different letters indicate significant
differences between pre-stunning variables and bruise and pH
parameters, at p<0.05, p - mean.

4. Conclusions

The results of the study do not point strongly to any single factor as the
predominant cause of bruising or meat pH problems, reflecting that under commercial
conditions of cattle slaughter in Brazil there are multifactorial causes. We advise that

cows should be handled with much more care than other cattle categories to minimize
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bruises. Long distances, Articulated double trailer truck and bad road conditions should
be avoided because there are greater meat quality risks, with consequence losses from
bruises and meat pH increasing. Animals lying in the truck and falls are useful
indicators of poor welfare at unloading, resulting also in carcass bruising. The use of
electric shocks during handling had an important impact in meat pH. We believe that
this study reveals useful information about commercial cattle slaughter routine in
Brazil, identifying the potentials welfare risks using a variety and diversity of variables
during pre-slaughter handling that could be a useful tools under commercial conditions
reflecting welfare, carcass and meat problems and could contribute as a diagnostics.
Further work is required to evaluate other potential causes of bruising, such as events
occurring prior to arrival at the slaughterhouse during on-farm handling, transport and

marketing, and events occurring during or after stunning.
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Capitulo 3

Influence of thermal stress, floor type and double feeder on growing-finishing pig

performance and meat quality

Abstract

Pigs are particularly sensitive animals to heat stress because the little ability of
the species to sweat. Pigs use few strategies to dissipate heat and most of them are
behavioral: 1) concentrate feeding periods in the fresh hours of the day and in
consequence increasing the competition for food at this time and/or 2) lying on the
dunging area of the pen and in consequence being dirtiest and with high risk of having
boar taint. Our objective was to study the effect of a moderate heat stress in pigs on
performance, dirtiness and carcass and meat quality. Under these conditions, the
disposition of only one feeder (one per 8 animals) or two feeders (one per 4 animals)
were compared to ascertain if this could be a good strategy to reduce competition for
feeding. In addition, two types of floor, with 100% and 30% slat were also considered.
Two hundred and fifty six pigs in the growing-finishing period (from 27 to 100 kg) were
housed using two environmental temperatures: control (from 112C to 25°C) and heat
stress (above 30°C 6 hours a day). They were housed in 32 pens of 8 pigs each
distributed into four rooms (two of them with control temperatures, one with 30% and
another with 100% slatted floor and the other two with stress temperatures, one with
30% and another with 100% slatted floor). In each room (containing 8 pens each),
there were 4 pens with one feeder and 4 pens with two feeders. Four animals in each
pen were females and four males vaccinated with Improvac®. Animals were
slaughtered at 100 kg in two batches. During the growing period, animals were
weighted four times and assessed for dirtiness daily. At the slaughter, meat quality
assessments, including presence of skatole and indole, were carried out. Pigs subjected
to high temperatures had worst results on performance, were dirtiest and had higher
values of skatole and indole in meat than pigs maintained in control conditions. A
supplementary feeder gave worst results on performance than using a unique feeder.
Finally, a partially slatted floor, with 30% slat gave better results on performance than
100% slatted floor, however animals were dirtiest and with the highest concentrations
of indole in meat, being close to the thresholds described as detectable for consumers.

1. Introduction

Hot weather is a future challenge for livestock throughout the world. Evidence
from Intergovernmental Panel on Climate Change (IPCC, 2007) is overwhelmingly
convincing that is real an increase on temperature, predicting a global surface

temperature above +1.2 °C during the 21st century.
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Pigs (Sus Scrofa) are particularly sensitive animals to heat stress because the
little ability of the species to sweat. In addition, the most used breeds for production
have been subjected to an intensive genetic selection to great muscular ability (Bellego
et al., 2002), increasing the capacity of the animals for producing heat. Pigs use few
strategies to dissipate heat and most of them are behavioral (Aarnink et al., 2001). One
of them is to change the feeding rhythms, which means, to concentrate feeding
periods in the fresh hours of the day (Quiniou et al., 2000). However, in cases where
the access to food is restricted, this may produce greater competition for food, forcing
the subordinate animals to eat in the hottest hours, which can produce a reduction in
food intake and therefore a loss in performance of these animals (Heitman and
Hughes, 1949; Quiniou et al., 1999).

Heat stress can be associated to meat quality in the different quantity and
distribution of fat (Van Milgen and Noblet, 2003). Animals in heat stress environment
can consume about 12.3% less food than those in thermal comfort, with lower
retention of protein and fat in the carcass (Kerr et al., 2003 and Manno et al., 2005)
which interfere in meat texture and even in the ability to lose water (Judge, 1969).
Heat stress produces important industry loses, reaching over $300 million annually in
European Union (Ciscar et al., 2010). Globally, these loses can be measured in billions
of dollars and are associated to a decrease in carcass value (increased lipid and
decreased protein content) and carcass processing problems.

Another strategy that pigs use to lose temperature is look for fresh bathing areas
to increase evaporative heat loss (Huynh and Aarnink, 2005). However, in the pens of
intensive production systems usually the only wet area is where the animals defecates
and urinates, so animals get dirty with urine and feces to try lose temperature by
evaporation in their body surface. In addition to the problems of dispersion of
pathogens in the farm and as well at the slaughterhouse due to the dirtiness of the
animals, in terms of meat quality another consequence of this behaviour is an
increased risk that animals have skatole and indole in meat (Hansen et al., 1994) with
boar taint consequences (an unpleasant urine or fecal-like that can be perceived when
heating fat or cooking pork).

Skatole and Indole are volatile compounds produced by microbial degradation of

tryptophan in the gastro-intestinal tract of several animals’ species. The only
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difference between these two components is that indole does not have a methyl group
(CH3) as skatole has. These two malodors compounds are believed to be the main
contributors to boar taint in combination with andostenone (Bonneau et al., 1993). Its
odor contributes to a characteristic smell of feces and manure in meat, being
undesirable for consumers.

A fraction of the synthesized skatole and indole is absorbed from the gut (Pedersen
et al., 1986; Melvin, et al., 1979), while other can be absorbed either directly through
the skin from feces plus urine and even by inhalation through the lungs (Nonboe,
1991; Udesen, 1992; Hansen et al., 1994). However, very little is known about the
factors which cause variation of these compounds in fat.

Another important sexual odor component is the androsterone, which also
inhibits the elimination of skatole (Babol et al., 1999), enhancing the animal’s sexual
odor. Usually, the androsterone is not present in female and surgically or
immunocastrated males (Dunshea et al., 2001), therefore the skatole must be
minimum in these animals. However, little is known whether heat stress conditions, in
which animals can be dirty with feces, the skatole and indole components can reach
the limits to be detected by consumers. Although there is some debate regarding the
actual threshold concentrations of skatole and indole that are detectable as taint, the
values until 0.2 pg/g fat for both are commonly accepted as out of the range of
detection even for experts and values higher than 0.5 pg/g the considered as
detectable by untrained consumers (Desmoulin and Bonneau, 1982; Bonneau et al.,
1992; Bonneau, 1998).

Another aspect to take into account is the floor type. The degree at which a
floor can be more or less wet and dirty (i.e. slatted versus concrete floor) can help in
one hand to the animals to lose temperature but in the other hand can produce more
dirty animals and increase the risk of having skatole. In fact, different floor types have
been shown to have effects on skatole concentration in backfat (Galwey and Tarrant,
1978; Udesen, 1992).

In this paper, we studied the effect of a moderate heat stress in growing and
finishing pigs on performance, dirtiness and carcass and meat quality. Under these
conditions, the disposition of only one feeder (one per 8 animals) or two feeders (one

per 4 animals) were compared to ascertain if this could be a good strategy for pigs
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reared under the mentioned conditions. Our hypothesis is that providing a double
feeder the competence for feeding is reduced, so animals can decide better at which
time of the day they can eat and in consequence avoid the warmest periods of the day,
eating more and in consequence obtaining better results on performance. In addition,
the presence of skatole and indol was assessed in females, and males vaccinated
against the gonadotrofin releasing factor (GnRF) to inhibit their sexual function, to
ascertain if heat stress and dirtiness at farm should be considered as risk factors for
boar taint even in females and no entire males. Finally, two types of floor, with 100%
and 30% slat were also considered to study their consequences in all the variables

mentioned.

2. Material and Methods

2.1. Animals and experiment design

The experiment was conducted in compliance with the Spanish guidelines for Use
of Animals in Research, and the protocol was approved by the Ethical Animal
Committee (IACUC) of Institut de Recerca i Tecnologia Agroalimentaria (IRTA,
Barcelona, Spain). Two hundred and fifty six pigs in the growing-finishing period were
used in this study. All pigs, a three-breed cross Large White x Landrace and Pietran,
were reared up to 27.75 (+ 0.38) kg in a commercial farm and then transported to the
facilities of IRTA in Monells (Girona, Spain), where the study was performed. A 50% of
the animals were females and the other 50% entire males at the arrival to the
experimental facilities. Males where vaccinated against the Gonadotrophin releasing
factor (GnRF) at week 6 and 9 after the arrival to the experimental farm by injecting 2
mL of Improvac® subcutaneous (Zoetis, Spain). The experiment was carried out during
summer-autumn 2014 using a factorial experimental model of 2x2x2, considering: a)
two environmental temperatures: control (from 11 to 25°C ) and heat stress (above
30°C 6 hours a day; from 10:00 h to 16.00 h); b) two types of floor: with totally slatted
floor (100% slat) and partially slatted concrete floor (30% slat), and c¢) two conditions
of feeders availability: one feeder per pen (one each eight animals) or two feeders per
pen (one each four animals) and in both cases with ad libitum access to feed and

water. A total of 32 pens distributed in four rooms (A, B, C and D) were used, with a
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total space allowance of 6.75 m? (approximately 0.84 m? per pig). Feeders occupied 0.4
m?, so space allowance per pig was 0.79 m? with one feeder and 0.74 m? with two
feeders. Rooms A and B had 30% slat and rooms C and D 100% slat. In addition, rooms
A and C were subjected to control temperatures and rooms B and D to heat stress.
Pens were numbered in all cases from 1 to 8 and contained all of them 8 pigs
(individually marked as well with a number from 1 to 8). In each pen were housed 4
males (numbered from 1 to 4) and 4 females (numbered from 5 to 8). Animals were
also distributed in a balanced way according of their initial weight. In fact the fourth
heaviest males were allocated in pen 1 of room A, B, C and D. Then, the next 4 males in
terms of body weight were distributed again in pen 1 of room A, B, C and D. In
consequence, body weight variability between animals into the same pen and among
treatments at the beginning of the study was minimized. In contrast, the mean body
weights of pens 1, 2, 3 and 4 of each room was higher than those found in pens 5, 6, 7
and 8, so at the end of the study, animals were sent to the slaughterhouse in two
batches (one containing pigs from pens 1 to 4 and other containing pigs from pens 5 to
8 of the four rooms). Air temperature (AT) and relative humidity (RH) were measured
at 1.5 m above floor level in the feeding path, using a thermo hygrometer (HygrolLog,
Rotronic Hygromer TM C94, sensors Pt100 RTD (1/3 DIN), Switzerland). AT and RH

were recorded every 5 minutes.
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Figure 1. Scheme of the experimental design, considering the combination of two
environmental temperature (control and heat stress), type of floor (30% or 100% slat)
and number of feeders (one or two). All pens had eight animals inside, four females
and four males vaccinated with Improvac.

2.2, Performance and animal dirtiness

Pigs were weighed before beginning the experiment at the farm of origin (W1);
during the animal’s adaptation period to the experimental facilities in IRTA within the
first two weeks after their arrival (W2); 30 days (W3) and one day before being
transported to the slaughterhouse (WS). The body weight variability (WV) within each
pen group was obtained by calculating the differences between the body weights of
the animals after each period (W1 to WS).

The dirtiness of each animal was measured daily, based on the Welfare Quality
protocol (Welfare Quality®, 2009), so scoring the animals at individual level using a 3-
point scale ranging from 0 to 2, being ‘0O’ when the animal had less than 20% of the
body side dirty with manure, ‘1’ if between 20 and 50% of the body side was dirty and

2’ when over 50% of the body side had manure.



103

2.3. Slaughter procedures and meat quality

Once animals reached 100 + 10 Kg live weight, which occurs at week 10 after
the arrival in pens 1 to 4 and at week 12 after arrival in pens 5 to 8, they were
transported a distance of 140 km to a commercial abattoir in two batches. They spend
around 4 h in the lairage pens, allocated in 4 groups of 31 to 32 animals. Pigs within
the same room were mixed, but not animals from different rooms. The pigs were
stunned by application of CO, at high concentrations (90% for 2 minutes and a half)
and slaughtered according to common commercial practices.

For carcass and meat quality analysis only pigs from the second batch were
used. Carcasses were weighted warm after their splitting, at 20 minutes post mortem
by using an online scale. Lean meat percentage (LMP) was measured at slaughterhouse
using a VCS2000 carcass grading equipment.

Meat quality measurements were carried out in the left half carcass of the
second batch of animals (pens from 5 to 8, containing a total of 128 animals). The pH
was measured in the longissimus thoracis (LT) muscle at the last rib level at one hour
(pH1) and 24 hours (pHy) post mortem, using a portable pH meter (Crison, Hach Lange
Spain S.L.U., Spain) equipped with a Xerolyt penetration probe. Electrical conductivity
was measured in the LT using a conductimeter (PQM Future, Classpro GmbH,
Germany) at the last rib level at one hour (EC;) and 24 hours (EC,) post mortem.

Meat color was determined at 24 hours post mortem on loin samples from each
animal slaughtered. A colorimeter CR-200 (Konica Minolta Inc., Japan) was used to
obtain the lightness (L*) of meat, defined by the CIE (1976).

Drip loss was determined from the LT muscle according to the methodology
described by Rasmussen and Andersson (1996), placing duplicate meat samples from
each animal in sealed plastic tubes at 4°C, which is directly related to the exudation of
meat.

Six cores were obtained from each loin sample and were used for shear force
measurement. Shear force was determined by using a texturometer (Stable Micro
Systems Ltd., United Kingdom) and the Warner-Bratzler test. Meat samples (2.5 cm
thick, LT) were vacuum packaged and frozen at 24 hours post mortem, then they were

thawed overnight and cooked in an oven until an internal temperature of 71°C.
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Intramuscular fat (IMF) of the LT from the last rib level was determined by near
infrared spectroscopy (Foodscan, FOSS, Denmark). Samples were obtained at 24 hours
post mortem then vacuum-packed and frozen until processing. Approximately 200 g
muscle was cleaned free of subcutaneous and intermuscular fat and chopped using a
blender.

Subcutaneous fat samples from the dorsal neck region were taken to measure
skatole and indole concentration. A hundred and nineteen samples were finally
analysed, this subsample included animals from all the different treatments and both
genders. Skatole and indole concentration was determined in adipose tissue by HPLC
(High performance liquid chromatography) methodology (Garcia-Regueiro et al.,
1998). The concentration was expressed as pg of skatole or indole in g of adipose

tissue.

2.4. Statistical analysis

Statistical analyses were performed by means of the statistical analysis system
(SAS) (SAS 9.1; software SAS Institute Inc., Cary, NC). Data from meat and carcass
quality, such as carcass vyield, IMF, pH, EC, color, pH, LMP, skatole and indole were
analyzed using the PROC MIXED procedure. The models accounted for the effects of
environmental temperature (heat stress vs control), floor type (30% slat vs 100% slat),
number of feeders (1 vs 2), gender (males vs females) and possible interactions. As
differences were found between treatments in hot carcass weight, this variable was
included as a covariate in the models where needed. The residual maximum likelihood
was used as a method of estimation. The least square means of fixed effects
(LSMEANS) adjusted to Tukey’s honestly significant difference (HSD) was used to carry
out multiple comparisons. A PROC GENMOD with multinomial distribution was used to
analyse dirty presence in animal’s body, where three categories (0, 1, 2) were possible.
The weight between treatments and the weight variability was evaluated as well by
means of nonparametric models (PROC GENMOD), in this case with a negative
binomial distribution. Pens with less than 8 animals, that occurred in just one case due
to the mortality of one animal and two animals separated by serious tail biting

problems, were not considered for performance analysis. The correlationship between
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skatole and indole was also assessed by means of the Proc Corr procedure of SAS.

Significance was fixed at p < 0.05 in all cases.

3. Results

3.1. Performance

The W1, W2 and W3 had no significant difference between heat and control
treatments or effect of type of floor. However the slaughter weight (WS) were higher
(P<0.0001) for animals in control room in comparison to animals in heat stress rooms
(Figure 2) and higher (P=0.0387) in animals allocated in 30% slat (106.40 + 0.01 kg
body weight) in comparison to animals housed in 100% slat (102.98 + 0.01 kg body
weight).

In relation to the number of feeders, no differences were found between
treatments at the beginning of the study (W1). However, very fast, already in W2, it
was found an effect of number of feeders (P=0.0236), animals in one-feeder pens
being heavier (51.37 + 0.01 kg) than in two-feeders (49.03 + 0.01 kg). This effect was
also seen in W3 (P=0.0135), being weights (77.31 + 0.01 kg and 73.89 + 0.01 kg for
pens with one and two feeders, respectively) and WS (P=0.0234), being weights 106.54
1+ 0.01 kg and 102.84 + 0.01 kg for pens with one and two feeders, respectively.

120 ~

. =
g 8
1 1
H o
H w

Hw
H

2]
o
I

Stress

Hw
H

Y
o

Control

Animal’s weight (Kg)

Hw
How

]
o
I

o

Wil W2 W3 WSs

Weights periods



106

Figure 2. Mean * SE of pig body weight per period (W1, W2, W3 and WS) comparing
stress and control rooms. Different letters means significant differences at p<0.05.

3.2. Dirtiness

An effect of environmental temperature (heat stress vs control) was found for
dirtiness in pigs housed in pens with only a 30% of slat (P < 0.01; Figure 3), not being
the case for pigs housed in 100% slat (Figure 4). In mean values, 11.71%, 39.84%,
3.90% and 1.56% of the pigs housed in rooms A, B, C and D, respectively, were found
with a score of 2 for dirtiness along the study. As it can be observed in Figure 3, the
dirtiness in room B reached the top at the end of the study (after week 7).
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Figure 3. Percentage of animals with a score of 2 for dirtiness along the study (from
week 1 to week 10) in stress or control rooms with 30% slat.
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Figure 4. Percentage of animals with a score of 2 for dirtiness along the study (from
week 1 to week 10) in stress or control rooms with 100% slat.

In relation to the number of feeders, while in the stress rooms the results were
very similar in animals housed in pens with one or two feeders (Figures 5 and 6), this
was not the case for control rooms. In fact, animals in 30% slat were dirtiest (P < 0.05)
when housed with one feeder than when housed with two (Figure 7), although this

was not observed in the control room with 100% slat (Figure 8).
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Figure 5. Percentage of animals with a score of 2 for dirtiness along the study (from
week 1 to week 10) in stress and 30% slat in pens with one or two feeders.
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Figure 6. Percentage of animals with a score of 2 for dirtiness along the study (from
week 1 to week 10) in stress and 100% slat in pens with one or two feeders
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Figure 7. Percentage of animals with a score of 2 for dirtiness along the study (from
week 1 to week 10) in control and 30% slat in pens with one or two feeders
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Figure 8. Percentage of animals with a score of 2 for dirtiness along the study (from
week 1 to week 10) in control and 100% slat in pens with one or two feeders

3.3. Carcass and meat quality

Most of the parameters assessed in the present study in terms of meat and
carcass quality, such as carcass yield, intramuscular fat, pH;, ECy, Ecy, colour, drip loss
and shear force were not affected by the environmental temperature treatments

applied, floor type or number of feeders in the pens (Table 1). However, the
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percentage of lean meat on the carcass and pH, (24 hours after slaughter), were
significantly higher (P=0.043 and P=0.009, respectively) in control temperature
treatment compared with stress temperature treatment (Table 2). An interaction
between floor type and environment temperature was also found (P<0.001) for lean
percentage. In fact, in control environmental temperatures 100% slat gave animals
with more lean than 30% slat (54.7 £ 3.8 %; 49.7 £ 1.71 %, respectively), while under
heat stress 100% slat gave animals with less lean than 30% slat (50.7 + 0.87 % for 30%
slat and 48.5 + 2.87 % for 100% slat).

Skatole and indole presence in pig carcasses were positively correlated (r=
0.66), being both affected by environmental temperatures (P<0.001 in both cases). In
fact, percentages of skatole and indol were higher in pigs housed under heat stress
conditions than those maintained in control environmental conditions. In addition, for
indole it was found an effect of type of floor (P<0.001), with higher concentrations in
carcasses coming from pigs housed in a 30% slatted floor in comparison to pigs housed
in a 100% slatted floor (Table 2). An interaction between type of floor and
environmental temperatures treatments was also found for indole (P < 0.001). In this
case, it was found that under heat stress conditions, pigs housed with a 30% slatted
floor had higher values of indole than pigs housed in 100% slatted floor (0.05 + 0.003
and 0.04 + 0.003 pg/g, respectively). On the other hand, the skatole concentration was
higher (P < 0.001) in males vaccinated against the GnRF than females, although there

were no significant interactions between gender and other factors.
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Table 1. Carcass and meat quality parameters between temperature, heat stress and flor type treatments, without statistical significance at p<0.05.

Temperature Floor Feeder

Variable Heat stress Control 30% 100% One Double
Carcass yield (%) 75.1 £ 0.65 74.8 £1.02 75.6 £0.44 742 +1.24 75.1+£0.87 74.8 £0.81
Intramuscular fat (%) 4.0+0.11 3.9+0.09 3.9+0.09 4.0+0.10 4.0+0.11 4.0+0.14
pH1 6.5+0.14 6.5+0.22 6.5+0.11 6.51+0.26 6.5+0.20 6.4+0.18
EC; (mS) 3.5+0.19 3.6+0.16 3.8+0.16 3.29+0.18 3.5+0.20 3.6+0.24
EC, (mS) 3.0+£0.13 3.2+0.11 3.0+0.11 3.1+0.12 3.0+£0.13 3.2+0.16
L* 46.4 +0.81 45.7 +0.72 46.3+0.71 45.8+0.78 45.6 + 0.86 46.5+1.06
Drip Loss (%) 0.9+0.37 1.1+0.31 1.0+0.34 1.0+0.37 0.7+0.41 1.3+0.50
Shear force (kg) 5.9+0.62 5.2+0.54 5.2+0.47 6.0 £ 0.56 56+0.61 56+0.78

Data presented in mean * SE. pH; - pH after one hour post mortem, EC; — electrical conductivity at one hour post mortem, EC, — electrical conductivity after

24 hours post mortem, L* - meat lightness determined at 24 hours post mortem.
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Table 2. Carcass and meat quality parameters between temperature, heat stress and flor type treatments.

Temperature Floor Feeder
Variable Heat stress Control 30% 100% One Double

Slaughter weight (kg) 101.0 + 1.26° 108.9 + 1.15° 106.4 + 0.10° 102.9+1.27° 108.9 + 0.11° 101.0+1.20°
Carcass weight (kg) 88.5+1.30 91.0+1.16 79.6 £ 0.90 89,9+ 1.30 92.2 +1.16° 87.3+1.30°

Lean meat percentage 49,6 + 1.72° 52.2 +2.70° 50.2+1.16 51.6+3.29 50.3+2.27 51.5+2.15

pH, 5.5 +0.04° 5.7 +0.03° 5.6 +0.03 5.6 +£0.04 5.7+0.04 5.5+0.05

Skatole (ug) 0.05 + 0.002° 0.03 + 0.002° 0.04 + 0.002 0.04 +0.002 0.04 +0.002 0.04 +0.002
Indole (ug) 0.05 + 0.004° 0.02 +0.003° 0.06 + 0.003° 0.01 +0.003" 0.04 £ 0.003 0.04 £ 0.004

Data presented in mean + SE

. Different letters in the same treatment row means significance at p<0.05. pH, - pH after 24 hours post mortem.



112

4. Discussion

Compared to other species, pigs are more sensitive to high environmental
temperatures because they have little capacity for sweating and panting is performed
less efficiently than in other animals, such as dogs. Furthermore, the fast growing of
breeds used for commercial conditions generate more heat due to the high muscular
development when compared with ancestors like wild boar. This, in combination with
confined housing with high densities in the pens and buildings where several pigs are
maintained, difficult that pigs can regulate their heat balance, especially during the hot
season in warm countries. Heat stressed pigs have low performance, poor welfare, and
by pen fouling they can have higher emissions of odor (Huynh, 2005). The objective of
this work is to provide realistic information to the farmers rearing pigs in the Spanish
weather conditions, so the heat stress treatment was applied according to the
historical values obtained in the area were the study was carried out in the hot season,
with mean temperatures higher than 302C up to 6 hours a day. Control treatment was
applied according to the temperatures in the facilities in spring and autumn (from 11

to 252C).

4.1. Performance

It is well know that in hot conditions pigs reduce their feed intake with subsequent
negative consequences in growth performance (Le Dividich et al., 1998). However,
most of the results dealing with the effect of high ambient temperatures on pig
performance were obtained in experimental facilities on animal individually housed
and under controlled sanitary conditions (Reneaudeau, 2009). In commercial
conditions, where animals are housed in groups and in consequence the competition
for feeding have a role, and sanitary conditions cannot be controlled so efficiently, the
effect of heat stress could be accentuated. Under the conditions of the present study,
control group was not free of some heat stress, as temperature were sometimes above
the 20°C suggested by Ingram (1965) and Christon (1987) as ideal temperatures for

finishing pigs (maximum temperature achieved of 25°C in our case). In addition, the
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heat stress treatment group was subjected only to a moderate heat stress, as the
maximum temperature registered was 32.03°C and temperatures above 302C were
only present up to 6 hours a day. However, even under these two treatments
conditions, we found a clear effect in performance, finishing pigs under thermal stress
having 7.9 Kg less when compared to control pigs. In their strategies to cope with high
environmental temperatures, pigs reduce heat production (Nienaber and Hahn, 1982;
Quiniou et al. 2001), with reduction in voluntary feed intake (Quiniou et al. 2001;
Nienaber et al, 1996) and in consequence daily gain. The results of Collin et al. (2001)
demonstrate a 30% of decrease of voluntary feed intake in finishing pigs (>50 kg) at
33°C, associated with shorter daily ingestion time (-28 %) and consumption time (-34
%). With growing pigs (25 to 50 kg), the negative effects of heat stress are not as great
as with heavier finishing pigs (Christon, 1988). This agrees with the results obtained in
the present study, as the greatest weight differences between pigs of both
temperature treatments was found in the last weighing (WS).

In the last weighting (WS), it was also found that pigs allocated in 30% slat had
heavier weighs than in 100% slat. A possible explanation to this fact is that animals in
30% slat had the opportunity to cope better with the environment than in 100% slat. In
fact, according to Pedersen and Ravn (2008) a solid floor provides more stability to pigs
and it is more comfortable to rest (Aarnink et al., 1997). An increased risk of abnormal
gait in animals housed on slatted floors compared with solid concrete floors has been
described (KilBride, 2009). In addition, Scott et al. (2006) reported that 100% slat floors
produces problems such as lameness, bursitis and tail biting in a high percentage than
other surfaces. A high level of pen mate-directed behavior could have a negative effect

on the productivity of pigs due to disturbances in feeding patterns (Ruiterkamp, 1987).

In our study, a problem of tail biting was detected in one of the pens of room D
(100% slatted floor under control temperatures), three animals being affected.
However, the incidence was not higher enough to infer clear conclusions about it. On
the other hand, a high percentage of solid floor (in our study 70% of floor was solid)
can have as well health associated risks as stated by Courboulay et al., (2009) because
of the high probability of contamination of floor with a mixture of urine and feces. In
fact, health and welfare problems in pig production due to the floor conditions are

quite common (Ekkel et al., 1995), being mainly caused by multifactorial diseases.


http://www.sciencedirect.com/science/article/pii/S0301622699001797#BIB29
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However, in terms of performance, in the present study 30% slat seems to provide
advantages in relation to 100% slatted floor.

In relation to the number of feeders in the pens (ratio 1 feeder per 8 animals vs 1
feeder per 4 animals), we found an unexpected result, as animals with only one feeder
were heavier than animals with 2 feeders from period W2 until the end of the study.
The hypothesis of the study it was that providing an extra feeder the competence for
feeding would be reduced. Under conditions of high temperatures, in the midday
animals tend to move their meals to first hour in the morning and last hour at night, so
it was expected that providing a second feeder the animals would concentrate the
meals easily at this fresh hours and improvements in performance could be observed.
However, not only it was not observed an improvement in the pens with a second
feeder, but the contrary, animals with one feeder having higher weight gains.

Two causes could explain these results, not being mutually exclusive. The first one
is related with space allowance. The space allowance for animals differed from
approximately 0.79 m? per animal when one feeder was provided to 0.74 m? per
animal when two feeders were provided. Although increased stocking densities has
been described as risk factors in relation to levels of aggression in pigs (Ewbank and
Bryant, 1972) due to more competition for space, this difference of 6% between
treatments probably is not enough to explain by itself the results obtained. Therefore,
it should be considered in combination with a second factor, an increased difficulty of
maintaining a position in the feeder when two feeders instead of one must be
defended. In fact, for practical reasons and to not interfere in the resting and dunging
areas of the pen, the double feeders were positioned always side by side. This
allocation could give the possibility to the animals to control both feeders at the same
time. However, more length of feeder needs to be defended in these cases, being
more difficult for animals to protect all the feeding area while eating and in
consequence more disturbances or different speed at eating could be expected.
Nevertheless, these two explanations are speculative, and in consequence, studies on
animal behaviour, including use of feeders and aggressions at the feeding area, should
be carried out.

Finally, another point to take into account is the reduced number of animals in the

pens of our study. Although it is true that is not uncommon in Spain that at the last
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stage of the finishing period animals can be maintained in groups of 8 pigs, it is true
that these numbers can range from 8 to 15. It is expected that as biggest the group in
pens with a unique feeder, highest the competition for feeding, so this fact must be
taken into account if the results obtained in this work need to be extrapolated to
bigger groups than 8 animals per pen.

In any case, the results obtained for performance in the present study suggest that
in the present housing and environmental conditions is better for the animals to use

one than two feeders.

4.2, Dirtiness and meat quality

In relation to the results for dirtiness, it is important to take into account that the
rooms were cleaned according to the common practices in most of the commercial
farms in the middle of the experiment (around week 5) for sanitary and animal welfare
reasons. The consequence was a decrease in the percentage of animals dirty found
around this week as can be observed in figures 3 and 7.

For the dirtiness we saw a clear effect in the combination of heat stress and type of
floor, being the dirtiest animals those housed under high temperatures conditions and
floor with 30% slat.

Heat stress has an effect in dirtiness because animals tend to dissipate the heat
lying in their feces and urine to perform temperature exchange with the environment
(Aragogo et al., 1999). Pigs are animals with very limited capacity to sweat (Huynh et
al., 2005), so they use the heat conduction mechanism to loose temperature by the
contact with the floor surface, refreshing their body in humid areas of the floor. In case
of intensive systems, usually the unique fresh areas available are the dunging zones
(Olsean et al., 2001)

In relation to the type of floor, 30% slat was the one who had the highest
percentages of animals getting dirty because of intrinsic design of the floor,
accumulating larger amounts of feces and urine on their solid part. Ravn and Pedersen
(2008) studying four different type of floor concluded that solid floors had the highest
risk of contamination by feces, requiring much more cleanliness management than

slatted ones. However, one advantage of solid floor under heat stress conditions is
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that provides the animals with a humid surface that helps them to lose temperature.
As mentioned above, performance of pigs was better with 30% than 100% slatted floor
and reasons such as more stability and comfortability to rest and lower risks of
lameness, bursitis and tail biting were discussed (Pedersen and Ravn, 2008; Aarnink et
al., 1997; KilBride, 2009; Scott et al. 2006). Nevertheless, a better capacity to lose
temperature under heat stress conditions must be also added to this list and taken into
account when 30% slat is compared to 100% slat.

On the other hand, dirtiness in a pen and in the animals can be a source of
infectious agents (Meunier-Salau, 1989; Hacker et al., 1994) and increases the risk of
presence of skatole and indole in the meat. These two compounds, with androstenone
(only present in entire males) are the main compounds responsible for boar taint
(Hanses et al., 1994; Bonneau et al., 2000; Xue and Dial, 1997). In fact, some authors
suggests that indole can be predicted from skatole due to the close relationship and
similarity between them (Annor-Frempong et al., 1997), although the correlation we
found between them was only moderately high (0.66). Studies with radioactive skatole
(Baek et al., 1997) confirmed the absorption through the skin, with a higher absorption
through the skin of the belly (40%) than through the skin of the back (6%). Other
authors also report accumulation of these compounds in the fat by passing through
the lungs in gaseous form when deposited on the floor at high environmental
temperatures (Nonbo, 1991).

In the present study both indole and skatole presence in meat had higher values in
animals maintained under heat stress conditions than in control rooms. In addition,
indole concentrations were higher in 30% slatted floor than 100% slatted floor. These
results coincide with those found in dirtiness, confirming the relationship between
both factors. Other studies have found similar results. For instance Hansen et al.,,
(1994), Walstra et al., (1999) and Gibis (1994) described highest concentrations of
skatole in animals slaughtered at summer than winter. Jensen and Jensen (1993) also
described a higher presence of skatole and indole when animals were reared at 382C
than 159C, by far a higher range of temperatures than those established in the present
study. Hansen et al.,, (1991), working with females and castrated male pigs (similar
type of animals than those used in the present work) indicated that high stocking rates

(0.6 m? per pig) with the floor dirty with feces and urine might increase skatole


http://www.sciencedirect.com/science/article/pii/S0309174010003633?np=y#bb0030
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concentration in subcutaneous fat compared with clean pigs with a stocking rate of 0.8
m? per pig, again especially in summer.

The levels of skatole and indole found in meat are just in the threshold considered
by some authors (see Hansen et al., 1994; Desmoulin and Bonneau, 1982; Bonneau et
al., 1992; Bonneau, 1998) as detectable by consumers (0.5 g per fat gram). Therefore,
although this should be confirmed by means of a panel of consumers, it is suspected
that the dirtiest animals of the present work, even being females and no entire males,
had the risk to produce rejection in the consumers due to boar taint. This is especially
important in the case of 30% slat for the indole component, where values of 0.6 g per
fat gram were reached.

Therefore, although 30% slat - 70% concrete floor seems to provide the animals
with better conditions to lose temperature under heat stress and better results in body
weight are obtained, animals get dirtiest and meat with values of skatole and indole
very close to be detectable by consumers. Larson et al., (1993) stated that pigs kept
clean for only a week before slaughter on 100% slatted floor at high temperatures had
lower skatole and indole concentrations in fat than dirty pigs on a concrete floor for
only a week before slaughter under the same conditions of temperature. Therefore, it
is possible that the undesirable effect of skatole and indole concentrations in the meat
of pigs housed in 30% slat could be reduced with a good cleaning of pens the last days
before slaughter the animals, increasing as well the cleanliness of pigs for
transportation and at the slaughterhouse.

According to St-Pierre et al., (2003), the main problems on meat quality associated
to heat stress is a decrease in lipid and protein content, in addition to processing
carcass problems due to the sub-optimal growth and the inconsistent market weights.
Chronic exposure of growing pigs to a high ambient temperature is associated with
enhanced lipid metabolism in the liver and the adipose tissue. As consequence, plasma
triglyceride uptake and storage is facilitated in the adipose tissue, which results in
greater fatness (Kouba et al., 1999, 2001). Increased fatness in long-term heat exposed
pigs is accompanied by changes in the distribution of adipose tissue: a shift of body fat
toward internal sites (Le Dividich et al., 1998). The change in fat distribution in pigs
exposed to high temperatures would appear as an adaptation to increase heat loss (Le

Dividich et al., 1998; Kouba et al., 2001). Accordingly, in the present study animals
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housed under control conditions had higher lean percentage (less fat) than animals
under heat stress conditions, with a mean difference of 2.6% between them.

Another factor influenced by environmental temperatures was ultimate pH.
However in both treatments values were into the normal values for this parameter
(from 5.4 to 5.7) and far away from 6.0 to 6.4 that lead the muscle to be DFD pork
meat (Bruce and Ball, 1990; Geesink et al., 2000). A possible explanation to this
difference could be a different fasting period in animals from both treatments. In fact,
although feeders were retired in both treatments at the same time and they were
subjected to the same time of transportation and lairage in the slaughterhouse, the
real fasting period is unknown as it depends of the exact hour in which each animal
individually took the last meal. As exposed previously, if animals under stress
conditions ate with a different pattern than animals in control conditions to avoid
eating in the midday, real fasting periods would differ in both treatments, and in
consequence availability of energy in the muscle during the post-mortem period as
well. However, this hypothesis should be confirmed with behavioral observations.
Another possible explanation is a better adaptation of pigs subjected to thermal stress
during their growing period to the transportation conditions. In fact, one of the main
problems of pigs during transportation is the stress associated, that produce an
increase in the body temperature (Hambrecht et al., 2004). Under these conditions,
pigs used to high temperatures could be more efficient (less energy used) in coping
with the situation and in consequence more energy would be available at the post-
mortem period. However, explanations, not being mutually exclusive, are speculative
and pH values were not out of a correct range in any treatment. Other parameters,
such as carcass yield, intramuscular fat, pH,, ECy, EC,, color, drip loss and shear force
were not affected neither for environmental temperature treatment, floor type or
number of feeders in the pen, so results on meat quality, indole and skatole

concentrations apart, were very limited in the present study.

5. Conclusions

Pigs subjected to temperatures above 302C up to 6 hours a day had lower results

on performance, were dirtiest and had higher values of skatole and indole in meat
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than pigs maintained in ranges from 11 to 252C. A supplementary feeder, providing a
ratio of four pigs per feeder gave worst results on performance than using a unique
feeder with a ratio of eight pigs per feeder, so a supplementary feeder under the
conditions of the present study is not suggested. A partially slatted floor, with 30% slat
and 70% concrete gave better results on performance than 100% slatted floor,
however animals were dirtiest and with the highest concentrations of indole in meat,

being around the thresholds described as detectable for consumers.
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