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SANTOS, Evelyn Rangel dos. Desempenho, expresséo génica da p-calpaina e
calpastatina e qualidade da carne de suinos machos néo castrados e
imunocastrados. 2021. 106 f. Tese (Doutorado em Ciéncia Animal) — Universidade
Estadual de Londrina, Londrina, 2021.

RESUMO

O objetivo deste estudo foi investigar o desempenho, a expressao génica da p-
calpaina e calpastatina e a qualidade da carne de suinos machos ndo castrados e
imunocastrados. O presente estudo foi dividido em dois artigos. Ambos utilizaram 40
suinos machos de genética comercial no periodo de terminacao, divididos em dois
tratamentos de 20 animais cada: ndo castrados e imunocastrados. Artigo A: Foram
avaliados o desempenho, indicadores de estresse e qualidade da carne de suinos
machos. Suinos ndo castrados apresentaram maiores 6érgaos reprodutivos do que
imunocastrados, exceto a glandula bulbouretral. Suinos ndo castrados apresentaram
menor ingestao diéria de ragdo e melhor converséo alimentar do que imunocastrados.
Suinos nao castrados apresentaram maior grau de lesdo nas carcacgas do que suinos
imunocastrados. Em média, as carcacas de suinos nao castrados foram classificadas
como ligeiramente lesionadas e as carcacas de suinos imunocastrados foram
classificadas como néo lesionadas. Para niveis de cortisol e valor de R, ndo houve
diferenca entre tratamentos. Suinos ndo castrados apresentaram niveis de escatol e
niveis de corte de escatol mais altos do que imunocastrados. A carne de suinos nao
castrados apresentou maiores niveis de umidade, proporcdes de acidos graxos
insaturados, poliinsaturados, 6mega 6 e relacao poliinsaturados:saturados e menores
porcentagens de proteina e niveis de acidos graxos saturados do que a carne de
imunocastrados. Na avaliacdo sensorial realizada por provadores nao treinados
avaliando a carne em geral (odor e sabor), suinos ndo castrados apresentaram
maiores pontuacdes do que imunocastrados. Na avaliacdo sensorial realizada por
painelistas treinados, a carne e gordura de suinos ndo castrados foram avaliadas com
maiores pontuacdes para as caracteristicas de: odor geral na gordura e na carne; odor
sexual na gordura e odor e sabor sexual na carne; odor de escatol e androstenona na
gordura e na carne em relacdo a carne e gordura de suinos imunocastrados. Este
estudo promove evidéncias de que existem diferencas estabelecidas entre os sexos,
mas estas diferencas ndo comprometeram a qualidade e a aceitabilidade da carne de
suinos ndo castrados. Entretanto, a fim de possibilitar a producdo e o consumo da
carne de suinos nao castrados no Brasil, estes resultados precisam ser mais
explorados. Artigo B: Foram avaliadas a expressdo génica da calpaina-1 e da
calpastatina e a qualidade da carne de suinos machos. Quanto as medidas de carcaca
e qualidade da carne, suinos nao castrados apresentaram menores valores de
profundidade de musculo, espessura de gordura subcutanea, valor de L* e perda de
agua por cozimento do que imunocastrados. Suinos ndo castrados apresentaram
maior expressao do gene calpaina-1 e menor expressao do gene calpastatina do que
imunocastrados. Este estudo mostra que combinada a outros fatores, a expressao
génica pode contribuir para maior maciez na carne de suinos nédo castrados devido a
sua maior expresséao de calpaina-1 e menor expresséo de calpastatina, comparada a
suinos imunocastrados.

Palavras-chave: Escatol. Imunocastracao. Maciez. Odor sexual. Sensorial.



SANTOS, Evelyn Rangel dos. Performance, p-calpain and calpastatin gene
expression and meat quality of boars and immunocastrated pigs. 2021. 106 pp.
Thesis (PhD in Animal Science) — Universidade Estadual de Londrina, Londrina,
2021.

ABSTRACT

The objective of this study was to investigate the performance, gene expression of -
calpain and calpastatin and meat quality of boars and immunocastrated pigs. The
present study was divided in two articles. Both used 40 male pigs from commercial
genetics at finishing period, assigned in two treatments of 20 animals each: entire male
(boars) and immunocastrated. Artigo A: The performance, stress indicators and meat
quality of male pigs were evaluated. Boars presented higher reproductive organs than
immunocastrated pigs, except the bulbourethral gland. Boars presented lower daily
feed intake and better feed conversion than immunocastrated pigs. Boars showed a
higher degree of lesion in the carcass than immunocastrated pigs. In average, boar
carcasses classified as lightly lesioned and immunocastrated pig carcasses classified
as no lesion. For cortisol levels and R-value there was no difference between
treatments. Boars presented higher skatole levels and skatole cut-off levels than
immunocastrated pigs. Meat of boars presented higher levels of moisture, unsaturated,
polyunsaturated, omega 6, and polyunsaturated and saturated ratio of fatty acids and
lower percentage of protein and saturated fatty acids than meat of immunocastrated
pigs. In the sensory evaluation performed by untrained tasters evaluating meat in
general (odor and flavor), boars scored higher than immunocastrated. In the sensory
evaluation performed by trained panelists, the meat and fat of boars were evaluated
with higher scores for: general odor in fat and meat; boar taint odor in fat and boar taint
odor and flavor in meat; skatole and androstenone odor in fat and meat, than the meat
and fat of immunocastrated pigs. This study promotes evidence that there are
established differences between genders, but these differences did not compromise
the quality and acceptability of boar meat. However, to enable the production and
consumption of boar meat in Brazil, these results need to be further explored. Artigo
B: The calpain-1 and the calpastatin gene expression and meat quality of male pigs
were evaluated. Regarding carcass measurements and meat quality, boars presented
lower values of muscle depth, subcutaneous fat thickness, L* value and cook loss than
the immunocastrated pigs. The boars presented greater calpain-1 gene expression
and lower calpastatin gene expression than immunocastrated pigs. This study shows
that combined with other factors the gene expression can contribute to a tender meat
from boars due to their higher calpain-1 expression and lower calpastatin expression
than those of immunocastrated male pigs.

Keywords: Boar taint. Immunocastration. Sensory. Skatole. Tenderness.
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1 INTRODUCAO

O Brasil € um importante player no mercado mundial de suinos,
ocupando o quarto lugar como produtor e exportador de carne suina (ASSOCIACAO
BRASILEIRA DE PROTEINA ANIMAL, 2020). Considerando o computo do abate
anual, todos os suinos machos vém sendo submetidos a castracao cirdrgica ou a
imunocastracdo em decorréncia da legislacdo nacional que, desde 1952 até 2020,
estabelecia esta conduta como obrigatéria. Essa condicao foi baseada no fato de que
esses animais poderiam apresentar odor desagradavel na carne, conhecido como
odor sexual. Esse defeito sensorial é causado por dois compostos, escatol e
androstenona, que, quando acumulados no tecido adiposo e expostos ao calor
(coccao), exalam odor de fezes e de urina e suor, respectivamente (CLAUS; WEILER,;
HERZOG, 1994). Entretanto, desde 18 de agosto de 2020 o abate de suinos néo
castrados passou a ser permitido no Brasil de acordo com o Decreto n°® 10.468, art. 3
(BRASIL, 2020a).

Esta deciséo se insere nas fortes tendéncias mundiais de atendimento
dos preceitos de melhorar o bem-estar animal. Reflexo da preocupacao de produtores
e consumidores, além da busca por novos mercados de exportacdo que também
seguem estas premissas. Sendo assim, € inevitavel a procura por alternativas a
castracdo cirdrgica para evitar ou diminuir a dor e estresse causados aos animais
(SILVA; RIBEIRO, 2020). A imunocastracao surgiu como uma tecnologia que por meio
de uma vacina pode evitar o odor sexual na carne, permitindo paralelamente que os
animais sejam beneficiados com os efeitos dos esteroides testiculares no momento
de crescimento e deposicdo de musculo na carcaca (DUNSHEA et al., 2001).

Os suinos néo castrados possuem vantagens em relagcdo aos suinos
castrados cirurgicamente, como menor ingestao diaria de racdo, melhor conversao
alimentar, maior deposi¢cédo de proteina, menor porcentagem de gordura subcutanea
e menor excrecdo de fezes e de poluentes como nitrogénio (ALUWE et al., 2019).
Entretanto, esses animais tendem a ser mais agressivos e exibir um comportamento
sexual crescente. Adicionalmente, a carne de suinos néo castrados é mais susceptivel
a apresentacdo do odor sexual, tem em geral pior capacidade de retengédo de agua,
menor presenca de gordura (0 que torna a carne menos adequada para produtos
secos curados, tais como presuntos) e menor maciez em relagéo aos suinos castrados
cirurgicamente (IPEMA WEBINAR, 2020).
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Muitos fatores podem influenciar a qualidade da carne, como a classe
sexual do animal, que, paralelamente, € determinante no crescimento muscular
(LAWRIE, 2005). O principal mecanismo relacionado a protedlise que conduz ao
amaciamento da carne é o sistema enzimético denominado calpainas. Esse sistema
e formado por duas calpainas, p-calpaina e m-calpaina, ativadas pelo calcio livre e
inibidas por uma proteina, denominada calpastatina. Assim, quanto maior for a
atividade da calpastatina, maior sera a forca de cisalhamento e menor sera a maciez
da carne (KOOHMARAIE, 1992).

A mudanca da producéo de suinos castrados cirurgicamente para a
producdo de suinos nao castrados ou imunocastrados pode afetar o processamento
e as propriedades da carne in natura e de produtos carneos devido as mudancas na
qualidade/quantidade de gordura e na qualidade da carne. O reconhecimento das
possiveis diferencas entre as categorias sexuais, além do completo monitoramento
da qualidade da matéria prima, € essencial para superar as variacdes e otimizar o
processamento desta proteina animal. Estratégias de gerenciamento para evitar uma
diminuicdo da qualidade precisam ser consideradas em fazendas, frigorificos e
fabricas de processamento (SKRLEP et al., 2020).

Portanto, com a permissdo do abate de suinos ndo castrados no
Brasil, é premente o desenvolvimento de estudos que explorem as diferencas entre
0s estados reprodutivos dos suinos machos, buscando assim solu¢des que viabilizem
sua producao, comercializagéo e o consumo desta carne. Neste sentido, o objetivo do
presente estudo foi investigar o efeito do género de suinos machos (imunocastrados
e ndo castrados) no desempenho, na expressao génica da p-calpaina e calpastatina

e na qualidade da carne.
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2 REVISAO DE LITERATURA
2.1 MERCADO DA CARNE SUINA

O desenvolvimento do setor produtivo de carne suina depende da
globalizacdo da economia mundial e dos processos associados a liberalizacdo do
comércio, fluxos de capital e tecnologias empregadas (SZYMANSKA, 2017). A
producdo mundial de carne suina em 2019 foi de 101.977 mil Toneladas e o Brasil
ocupa a quarta posi¢cao no ranking mundial (China: 42.550 mil/Ton; Unido Europeia:
23.935 mil/Ton; Estados Unidos: 12.542 mil/Ton; Brasil: 3.983 mil/Ton; Russia: 3.321
mil/Ton e outros Paises: 15.646 mil/Ton). Além disso, o Brasil também ocupa a quarta
posicdo na exportacdo mundial de carne suina (Unido Europeia: 3.551 mil/Ton;
Estados Unidos: 2.867 mil/Ton; Canada: 1.284 mil/Ton; Brasil: 750 mil/Ton; México:
230 mil/Ton e outros Paises: 540 mil/Ton) (ASSOCIACAO BRASILEIRA DE
PROTEINA ANIMAL, 2020).

Em 2019 a producéo brasileira de carne suina foi de 3.983 milhdes de
toneladas, havendo um aumento de 0,23% e 5,65% em relagdo aos anos de 2018 e
2017, respectivamente. Desse total, 81% foram destinadas ao mercado interno e 19%
as exportacdes. O consumo per capita de carne suina no Brasil em 2019 foi de 15,3
kg/habitante e, do total de suinos abatidos no Brasil, destacaram-se os Estados de
Santa Catarina (29,59%); Parana (19,85%); Rio Grande do Sul (19,26%); Minas gerais
(11,16%); Mato grosso (6,71%); Sao Paulo (6,71%); Mato Grosso do Sul (6,71%) e
Goiéas (3,54%) (ASSOCIACAO BRASILEIRA DE PROTEINA ANIMAL, 2020).

A crescente inser¢ao da suinocultura brasileira no mercado mundial e
0 aumento do consumo interno de carne suina sdo consequéncias de uma trajetoria
de sucesso econdmico deste segmento, que se estrutura em mudancas
organizacionais e no continuo incremento tecnologico ocorrido no Brasil (VIEIRA,
2014). A gqualidade da carne suina € resultado de diversos elos da cadeia produtiva,
sendo o manejo produtivo parte essencial, envolvendo a incorporacdo de
metodologias, processos, produtos e tecnologias. Nesse contexto, englobam-se ainda
as praticas de alimentacao animal, biosseguridade, bem-estar animal, boas praticas
de producéo, rastreabilidade e cuidados com o meio ambiente (EMBRAPA, 2020).

A carne suina é fonte de proteina, vitaminas do complexo B, zinco e

selénio, havendo variacées em sua composicédo de acordo com o corte carneo. Com
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excecdo da costela, os principais cortes de carne suina desprovidos de gordura de
cobertura apresentam conteudo acima de 18% de proteina, 2% a 7% de gordura e
entre 60 mg/kg e 70 mg/kg de colesterol. Os acidos graxos predominantes na gordura
suina sdo os monoinsaturados, que representam mais de 40% dos acidos graxos
totais. Ja o conteudo de acidos graxos 6mega-3 é baixo (entre 0,5% e 1%).

Além da composicdo quimica, as caracteristicas sensoriais da carne
suina influenciam diretamente a decisdo dos consumidores, incluindo aroma, textura,
maciez, cor e aparéncia. Portanto, a industria direciona seus esfor¢os de producdo na
busca de produtos que estejam dentro de um determinado padrdo de qualidade,
embora as expectativas dos consumidores possam apresentar algumas variacfes
dependendo da localizacdo geografica e da etnia (BERTOL; OLIVEIRA; SANTOS
FILHO, 2019).

2.2 CONTEMPORIZAGAO DA PRODUCAO DE SUINOS NAO CASTRADOS

2.2.1 Cenério Europeu

Na Europa, a proporcdo de suinos machos nédo castrados aumentou
nas llhas Britanicas, Peninsula Ibérica, Holanda, Alemanha e Franca (BEE,
CHEVILLON; BONNEAU, 2015; MCGLONE, 2012). A castracao de suinos na Europa
esta regulamentada pela Diretiva 2008/120 do Conselho da Unido Europeia, de 18 de
dezembro de 2008, relativa as nhormas minimas para a protecao dos suinos, na qual
estabelece que a castracao cirtrgica pode ser realizada por um médico veterinario ou
por pessoas treinadas e sem anestesia até 7° dia de vida, por meios que nao sejam
por descolamento dos testiculos e sob condi¢des higiénicas. Aléem disso, acima do 7°
dia de idade, a castracdo pode ser realizada somente por um Médico Veterinario, sob
anestesia seguida de analgesia prolongada (CONSELHO DA UNIAO EUROPEIA,
2008).

Preocupados em priorizar o bem-estar na producao de suinos machos
e evitar o sofrimento dos animais submetidos a castracdo cirurgica, em 2010 foi
assinada a Declaragédo Europeia sobre alternativas a castracéo de suinos (Tabela 1)
e a proposta de abandonar voluntariamente, na Europa, a castracao cirdrgica até 1 de
janeiro de 2018 (EUROPEAN COMMISSION, 2010; POVOD; LOZYNSKA;
SAMOKHINA, 2019).
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Tabela 1 - Alternativas a castracao cirurgica de suinos machos.

Alternativa

Vantagens

Desvantagens

Castracao

Castracdo cirdrgica
com anestesia e/ou
analgesia

Imunocastragao

Reducéo da dor durante a castracdo

cirdrgica

Sem dor da castracdo; vantagem
econdmica de melhor desempenho;
aplicavel em sistemas de producdo

com engorda prolongada

Aumento dos custos; necessidade de

profissionais treinados

Risco de auto injecdo pelo operador;
custos operacionais; aceitabilidade
guestionavel pelos consumidores e

produtores

Criagao de suinos machos néo castrados

Abate idade

mais jovem/ menor

em
peso (antes de
puberdade)
Manipulacdes

dietéticas

Sele¢do contra odor

sexual

Sem conflito com o bem-estar animal;
reducdo do risco de altos niveis de
androstenona e escatol; vantagem
econdmica de melhor desempenho

Sem conflito com o bem-estar animal;
reducdo do risco de altos niveis de
escatol; vantagem econdmica de

melhor desempenho

Nenhum conflito com bem-estar
animal; reducdo do risco de altos
niveis de androstenona e escatol;
vantagem econbémica de melhor

desempenho

Sem garantia de eliminacgédo total do
odor sexual; Eficiéncia econdmica

questionavel

Sem garantia de eliminacgédo total do
odor sexual; custos elevados de
ingredientes; ndo é uma solugéo para
sistemas de producdo com engorda
prolongada

Sem garantia de total eliminag&o do
odor sexual; ndo é uma solugdo para
sistemas de producdo com engorda
prolongada; reducdo dos niveis de
horménios anabolizantes (efeitos
negativos sobre o crescimento e

desempenho de suinos machos)

Separacédo de sexo

Sexagem

espermatica

Producdo somente de rebanhos de

fémeas

Custos elevados, baixa saida

espermatica; técnica para selecéo de
comercialmente

género ndo ¢é

disponivel

Fonte: Candek-Potokar, Skrlep e Zamaratskaia (2017, p.111).

Com o0 aumento da producdo de suinos ndo castrados e

imunocastrados, a industria europeia esta enfrentando grandes desafios para adaptar

0 processamento da carne in natura e de produtos carneos devido as mudancas nas

propriedades da qualidade de carne. Essa adaptacao torna-se possivel por meio de
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estudos e pesquisas das diferencas entre as categorias sexuais, buscando solucbes

aplicaveis a cadeia suinicola (SKRLEP et al., 2020).
2.2.2 Cenario Brasileiro

No Brasil, o Decreto n° 30.691, art. 121, de 29 de marco de 1952, do
Regulamento de Inspecdo Industrial e Sanitaria de Produtos de Origem Animal
(RIISPOA), proibia o abate de suinos nédo castrados ou de suinos que demonstrassem
sinais de castracdo recente. Além disso, no art. 172, ainda definia: “[...] carnes
repugnantes - sao assim consideradas e condenadas as carcacas que apresentem
mau aspecto, coloracdo anormal ou que exalem odores medicamentosos,
excrementicias, sexuais e outros considerados anormais” (BRASIL, 1952, p.35).

Em 2014 a portaria n° 60, art. 1, de 26 de mar¢o da Agéncia de Defesa
Agropecuaria do Parana (ADAPAR), normatizou o abate de suinos ndo castrados no
Estado do Parana, desde que os mesmos apresentassem idade inferior a seis meses,
as carcacas e visceras fossem identificadas e separadas das demais nas camaras
frias e todas as carcacas fossem submetidas ao teste de cocgéo e degustacéo, a fim
de detectar e eliminar carcacas que apresentassem odor sexual (PARANA, 2014).

O Decreto n° 30.691 de 1952 foi atualizado em 2017 pelo RIISPOA,
entretanto, ainda assim, no Decreto n°® 9.013, art. 104, de 29 marco de 2017,
permanecia proibido o abate de suinos ndo castrados ou que mostrassem sinais de
castracdo recente (BRASIL, 2017). Em 2020, o Decreto n° 10.468, art. 3, de 18 de
agosto, revogou o art. 104 do Decreto n° 9.013 de 2017. Assim, no Brasil, o abate de
suinos ndo castrados € permitido e conforme disposto no art. 198, o0s
estabelecimentos passam a ser responsaveis pela segregacao e destinacao industrial
de carcacas com odor sexual (BRASIL, 2020a). A permissao do abate de suinos néo
castrados foi concedida pois segundo o RIISPOA:

[...]Jn&o h& correlacdo entre a presenca de testiculos e condi¢cdes
sanitarias ou fraude e adulteracdo da carne. Odor sexual pode estar
presente, inclusive, em animais criptorquidas, monorquidas ou
hermafroditas, implicando, apenas, no aspecto sensorial da carne ou
dos produtos com ela elaborados” (BRASIL, 2020b, p. 28).
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2.3 SUINOS NAo CASTRADOS

Devido ao aumento das concentracdes de andrégenos e estrogénios
durante o desenvolvimento pubertario, o potencial de crescimento dos suinos machos
nao castrados é superior em relagcdo aos suinos castrados cirurgicamente. Somada a
esta caracteristicas, sao evidenciadas menor ingestao diaria de racdo; ganho de peso
superior; melhor converséao alimentar; maior deposi¢cao proteica; menor porcentagem
de gordura subcutanea; menor idade de abate para 0 mesmo peso que o castrado;
menor excrecdo de fezes e de poluentes como nitrogénio, fésforo e CO2; melhora no
bem-estar dos animais pela auséncia de dor e sofrimento causados pela castracao; e
menor custo com racdo e méo-de-obra utilizada na castracdo (ALUWE et al., 2019;
BABOL; SQUIRES, 1995; ROEST et al., 2009).

Embora a producdo de suinos machos ndo castrados apresente
vantagens, esses animais demonstram maiores comportamentos agressivos e
sexuais, que favorecem a maior incidéncia de lesdes na pele, o que contribui
negativamente para a qualidade da carcaca e da carne (TURNER et al., 2006). Neste
tema, algumas medidas para minimizar estes danos podem ser adotadas, como o
alojamento separadamente destes das fémeas, a fim de evitar prenhez prematura
indesejada e estabelecer grupos homogéneos, com densidade adequada e em baias
estruturadas com enriquecimento ambiental (IPEMA WEBINAR, 2020).

Algumas desvantagens em relacdo a qualidade da carne dos suinos
ndo castrados podem ser observadas. Além da possivel presenca do odor sexual na
carne, pode haver uma maior ocorréncia de anomalias DFD (dark, firm e dry), aumento
da gordura insaturada (podendo ser prejudicial para o processamento de produtos
curados a seco) e o menor teor lipidico intramuscular, o que pode fazer com que a
carne seja menos macia em relacéo aos suinos castrados (BONNEAU et al., 2018).
Assim, para este género, € aconselhavel aumentar o conteddo de gordura
intramuscular por meio da criagao seletiva ou da nutricdo, o que pode contribuir para
aliviar a questédo da maciez da carne (IPEMA WEBINAR, 2020).

O odor sexual afeta a aceitabilidade e o consumo de carne suina in
natura e de produtos carneos. O efeito dos compostos que causam o odor sexual é
mais elevado no odor que no sabor da carne, entretanto o odor afeta diretamente o
consumo. A aceitabilidade da carne suina depende dos niveis de androstenona e

escatol. Embora existam pessoas anosmicas a androstenona (ou seja, nao



22

conseguem detectar a presenca desse composto), estas podem detectar a presenca
de escatol, constituindo um risco quando os niveis de escatol forem muito altos. A
sensibilidade dos consumidores a androstenona € maior nas mulheres e geralmente
consumidores sensiveis ttm uma menor aceitabilidade da carne suina. Entretanto, os
meétodos e condicdes de preparacdo e coccao podem modificar a percep¢ao do odor
sexual (FONT-I-FURNOLS, 2012).

A carne com odor sexual pode, até certo ponto, ser utilizada de forma
sustentdvel em produtos processados, desde que medidas apropriadas sejam
tomadas (IPEMA WEBINAR, 2020). A reducdo do odor sexual e as estratégias de
mascaramento, como as culturas microbianas iniciais, processamento térmico, uso de
especiarias com sabor distinto, defumacédo e diluicho com matéria prima nao
contaminada provaram ser uma solucao viavel para superar os problemas de odor

sexual e outros problemas de qualidade (SKRLEP et al., 2020).
2.3.1 Odor Sexual na Carne de Suinos Nao Castrados

A carne dos suinos machos ndo castrados possui um odor sexual
desagradavel, causado principalmente por dois compostos, androstenona e escatol.
A androstenona (5a-androst-16-ene-3-ona) € um esteroide produzido nos testiculos
gue se acumula nos tecidos adiposos, associado ao odor de urina. O escatol (3-
metilindol) € uma substancia ndo especifica dos animais machos, sendo um produto
da degradacédo microbiolégica do triptofano no intestino, estando associado ao odor
fecal (DUNSHEA, 2001).

Assim, como a testosterona, a androstenona € um hormdonio esteroide
produzido nos testiculos pelas células de Leydig. Porém, o efeito fisioldgico da
androstenona nédo é androgénico. Sua acao priméaria € como feromdnio, estimulando
funcdes as reprodutivas na fémea suina (CLARKE et al., 2008; ZAMARATSKAIA,
2004). A androstenona tem sua producao controlada pelo sistema neuroenddcrino,
particularmente pelo horménio luteinizante (LH). O hormdnio liberador de
gonadotrofinas (GnRH), produzido pelo hipotalamo, € o principal regulador da
secrecdo de LH, que se liga aos receptores na superficie das células de Leydig,
resultando na inducédo das enzimas da esteroidogénese e no aumento dos niveis de
esteroides testiculares (androstenona) (EINARSSON, 2006). Parte da androstenona

€ secretada e transportada via corrente sanguinea para as glandulas salivares,
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servindo como feromoénio, promovendo um comportamento sexual nas fémeas,
enguanto outra parte, devido a sua natureza lipofilica, & depositada no tecido adiposo,
onde se acumula gerando odor (JAROS et al., 2005; ZAMARATSKAIA, 2004).

A androstenona é metabolizada pelo figado, podendo ser eliminada
pela bile ou voltar para corrente sanguinea por meio de circulacdo entero-hepéatica. O
acumulo de androstenona pode ser afetado pela taxa de sintese de esteroides livres
e sulfatados nas células de Leydig, pela taxa de metabolismo no figado e pela taxa de
circulacdo entero-hepatica do intestino de volta para a corrente sanguinea (SQUIRES;
BONE; CAMERON, 2020).

Para a sintese de androstenona, a expressdao de genes
correlacionados e a atividade das principais enzimas envolvidas em sua biossintese
devem ser avaliadas, assim como a extensao de sua sulfoconjugacao e as diferencas
no seu carreamento no sangue e subsequente desconjugacdo e absorcdo de
esteroides (16-androstene) por adipdcitos e células musculares. Para o metabolismo
de androstenona, suinos que produzem altos niveis devem ser identificados, por
exemplo, medindo os niveis deste composto no plasma aos 21 dias de idade
(SQUIRES; BONE; CAMERON, 2020).

Ao contrario da androstenona o escatol € produzido tanto nos machos
guanto nas fémeas, sendo oriundo da ac¢éo da flora intestinal normal dos suinos, no
célon, que atuam na degradacdo do aminoacido triptofano (YOKOYAMA; CARLSON,
1979). O mesmo é na sequéncia absorvido pela corrente sanguinea e metabolizado
pelo figado e segue para o plasma e para o tecido adiposo, acumulando-se na gordura
dos suinos machos a medida que se tornam maduros sexualmente (ANDRESSEN,
2006).

Os niveis de escatol sdo muito mais altos nos machos néo castrados
em relagcdo as fémeas, uma vez que os esteroides testiculares inibem sua degradacdo
pelo figado. Em suinos machos castrados, mesmo que baixos, ainda sdo encontrados
niveis de escatol, assim a maior deposicdo de escatol em suinos machos néo
castrados pode estar associada a superproducao de androstenona, sendo possivel
concluir o envolvimento dos horménios sexuais na regulagdo do citocromo hepatico
P4501IE1 (CYP2E1). O CYP2EL é a principal enzima hepatica responsavel pelo
metabolismo do escatol, e sua inducdo €& antagonizada por altos niveis de

androstenona, o que levaria a uma baixa expressao de CYP2EL e por consequéncia,
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uma elevada acumulacdo de escatol no tecido adiposo de suinos machos nao
castrados (DORAN et al., 2002).

Os niveis de escatol podem ser afetados pela taxa de sintese no
intestino, incluindo o efeito da composicédo da microbiota intestinal, taxa de captagao
do intestino e taxa de degradacao no figado e posterior excrecdo (SQUIRES; BONE;
CAMERON, 2020). Como o escatol € um produto da degradac&o microbiana, existem
estratégias que podem influenciar o ecossistema microbiano no intestino dos suinos
para reduzir as bactérias formadoras de escatol. Tais estratégias incluem intervencdes
alimentares que ocasionam mudancas no pH intestinal. As bactérias produtoras de
escatol sdo favorecidas sob condi¢cdes acidas (pH 5,0), enquanto as bactérias
produtoras de indol predominam em condi¢Bes basicas (pH 8,0) (JENSEN; COX;
JENSEN, 1995; JENSEN; JENSEN, 1998). Alimentos com alto teor de fibra
(AGERGAARD et al., 1995) e com alto nivel de carboidratos indigestiveis (CLAUS et
al., 1994) podem reduzir a producéo e o armazenamento de escatol, visto que, uma
grande disponibilidade de energia no intestino grosso estimula a proliferagcdo de
bactérias que usam o triptofano para a sintese proteica, ao invés de degrada-lo a
escatol (BONNEAU; SQUIRES, 2000).

Estudos evidenciaram que a inclusdo de beterraba doce
(WHITTINGTON et al., 2004; WOOD et al., 1993), amido de batata cru (CLAUS et al.,
2003; ZAMARATSKAIA et al., 2005), ou chicéria (JENSEN; HANSEN, 2006;
@VERLAND et al., 2011) nas dietas podem diminuir a deposi¢céo de escatol. A maior
eficacia de uma intervencéo alimentar para reduzir as concentracfes de escatol no
tecido adiposo ocorre se o alimento afetar varias etapas de sua sintese e deposi¢ao.
Assim, as intervengdes alimentares mais eficientes sé&o a adig&do de inulina ou amido
de batata cru, que influenciam o ecossistema microbiano, através do pH intestinal, da
disponibilidade de energia para bactérias e da disponibilidade de triptofano através de
possiveis efeitos anti-apoptéticos (WESOLY; WEILER, 2012). A atividade
antimicrobiana de extratos vegetais selecionados ou componentes de 6leo essencial
de ervas e especiarias também podem oferecer estratégias adicionais para reduzir a
formacao de escatol (WESOLY; WEILER, 2012).

Outros compostos podem contribuir para o odor sexual e incluem
aldeidos e acidos graxos de cadeia curta, como fendis (p-cresol, 4-etilfenol) e 4-fenil-
3-buten-2-ona. Estes compostos podem agir aumentando os efeitos do escatol e
androstenona para causar o odor sexual (ZAMARATSKAI; SQUIRES, 2009). O
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acumulo de androstenona e escatol é regulado pelo equilibrio entre a sintese e a
degradacdo desses compostos. Isto pode ser afetado por varios fatores, incluindo
ambiente e praticas de gestdo, maturidade sexual, nutricdo e genética (SQUIRES;
BONE; CAMERON, 2020).

2.4 CASTRACAO CIRURGICA

Geralmente, a castracao cirargica em leitdes machos € realizada sem
qualquer anestesia ou analgesia durante os primeiros dias ou semanas de vida. Apés
a contencao dos leitdes é realizada uma Unica incisdo em cada lado do escroto. Os
testiculos sdo removidos cortando ou puxando o corddo espermatico para que ele se
rompa. O corte do cordao espermatico pode ser realizado com bisturi, ou com um
emasculador que prende o corddo por alguns segundos para limitar sangramento. Um
antisséptico é aplicado na ferida aberta e os leitdes sdo devolvidos as suas baias. As
consequéncias da castracdo sobre o bem-estar podem ser atribuidas ao proprio
processo cirdrgico doloroso, bem como a privacdo dos horménios testiculares
(PRUNIER et al., 2006).

A castracao cirurgica de leitdes, sem administracdo de anestesia ou
analgesia para o alivio da dor, muda o comportamento desses animais imediatamente
apos o procedimento. Leites castrados cirurgicamente abanam menos a cauda,
demonstram menor comportamento agressivo e ficam mais tempo em pé ou sentados
inativos em comparacao aos leitdes nao castrados, o que pode ser um indicativo de
dor (YUN et al., 2019). De acordo com Saller et al. (2020), a injecao intratesticular de
anestésico local em leitBes antes da castracdo reduz as respostas cardiovasculares
(pressao arterial e frequéncia cardiaca) relacionadas a dor, em comparacdo a
castracdo sem anestésico local. Entretanto, a injecdo de anestésicos locais causa dor
visivel, como demonstrado pelo aumento dos movimentos dos membros locomotores
dos leitdes. Além disso, nesse estudo, os efeitos analgésicos da anestesia local
durante a castracéo foram avaliados em leitGes sob narcose leve, o que significa que
a dor foi avaliada com a exclusao de estresse e medo, portanto, se os leitdes fossem
castrados conscientes, estes fatores poderiam influenciar no comportamento e na
percepcgéao da dor.

A utilizacédo da anestesia geral ou local melhora a técnica de castragéo

cirdrgica. Entretanto, a anestesia promove a reducdo de dor aguda no momento da
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castracdo, mas nao elimina o estresse e o desconforto devido a captura e 0 manejo
dos animais antes da cirurgia, e tampouco impede que depois de passado seu efeito
o animal sinta dor crénica (THUN; GAJEWSKI; JANETT, 2006). Embora a castracao
cirargica elimine a possibilidade de desenvolvimento do odor sexual na carne, o
meétodo leva a piora da conversdo alimentar e da retencdo de nitrogénio, além de
propiciar uma menor relacdo carne magra: gordura, quando comparado aos animais
nao castrados, sendo ainda considerado um método altamente invasivo e estressante,
prejudicando o bem-estar (SILVA, 2013).

2.5 IMUNOCASTRACAO

A castracao cirdrgica de machos inteiros € uma pratica recorrente
dentro do sistema de producéo de suinos, porém aos poucos tem sido substituida pela
castracdo imunolégica. A imunocastracdo € um método menos invasivo e estressante
ao animal, além de ser considerado benéfico ao sistema de producado de suinos, pois
permite que o animal utilize seus préprios hormoénios para maximizar seu desempenho
e melhorar sua conformacéo corporal (SILVA, 2013). A imunocastracédo é definida pela
aplicacdo de uma vacina anti-GnRH (fator liberador de gonadotrofinas) no animal,
esta, por sua vez, atua no sistema imunolégico do suino, sendo temporéaria e
controlando dessa maneira as substancias envolvidas no odor sexual (DUNSHEA,
2001).

A vacina de imunocastracdo € administrada sob duas doses. A fungéo
da primeira dose € sensibilizar o sistema imune do suino. A segunda dose estimula a
resposta imunologica protetora que inibe a funcdo dos testiculos e reduz
significativamente os niveis dos compostos que causam odor sexual. A aplicacdo da
segunda dose deve ocorrer pelo menos 4 semanas depois da primeira dose.
Recomenda-se que a segunda dose seja administrada no maximo até 4 ou 5 semanas
antes do abate, a fim de garantir a efetividade da vacina, devido a seus efeitos
temporarios (HENNESSY, 2008).

O GnRH (horménio liberador de gonadotrofinas), originado no
hipotalamo, € um pequeno peptideo (decapeptideo) que chega a hipofise por meio da
corrente sanguinea, agindo na porcéo pituitaria, onde se liga ao seu receptor
especifico para induzir a secre¢cdo de LH (hormdnio luteinizante) e FSH (hormonio

foliculo estimulante), que agem sobre as gonadas para estimular o crescimento dos
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testiculos e a producéo de esteroides (testosterona e androstenona) (JAROS et al.,
2005). A imunocastracdo ocorre por meio da aplicacdo de uma vacina que contém
uma forma modificada de GnRH (antigeno), sendo analogo sintético incompleto em
veiculo aquoso conjugado a uma proteina carreadora inerte, que atua no sistema
imunologico, estimulando-o a produzir anticorpos naturais contra seu proprio fator de
liberacdo de gonadotrofinas. Assim, a imunizacdo contra a GnRH ira romper a linha
central hipotalamo-pituitaria-génada, inibindo o crescimento dos testiculos e a sintese
de esteroides que, finalmente ir4 reduzir a ocorréncia de odor sexual (JAROS et al.,
2005).

Uma das formas mais viaveis de diminuir as concentracdes de
androstenona, devido a biossintese comum da androstenona e dos hormonios
esteroides produzidos no testiculo, seria por meio da imunizacdo ativa e seletiva
contra a prépria androstenona e seus precursores (CLAUS; WEILER; HERZOG,
1994). Dessa forma, as substancias de odores desagradaveis sdo metabolizadas
progressivamente no suino imunocastrado, permitindo que o animal seja abatido com
um alto peso, sem odores desagradaveis na carne e com os beneficios do efeito dos
esteroides testiculares sobre o crescimento do animal (DUNSHEA, 2001). Por ser um
método praticamente indolor aos animais, a imunocastracdo visa o bem-estar dos
mesmos, além de ganhos em qualidade na carne e rendimento de carcaca
(DUNSHEA et al., 2005).

2.6 BEM-ESTAR DE SUINOS MACHOS

O comprometimento do bem-estar animal pode ser avaliado pelo
modelo dos cinco dominios. O modelo foi estruturado para primeiramente avaliar
perturbacdes e desequilibrios fisicos/funcionais, bem como restricbes de
comportamento e, por fim, identificar os efeitos negativos especificos que afetam cada
interrupcdo, desequilibrio e/ou restricdo seria provavel de gerar. Assim, o modelo
incorpora quatro dominios fisicos/funcionais: "nutricdo" (agua e alimentos suficientes
e dieta balanceada e variada), "meio ambiente"” (ambiente fisico confortavel ou
agradavel), "saude" (saudavel, em forma e sem lesfes) e "comportamento” (capaz de
expressar comportamentos gratificantes), e um quinto dominio para concentrar a
atencdo em todos os efeitos negativos individuais identificados e seu impacto geral

acumulado sobre o0 bem-estar: "mental” (prazer gustativo, prazer em beber e mastigar,
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saciedade, conforto fisico, vigor da boa saude e da boa forma fisica, recompensa,
tranquilidade, controle da sociabilidade afetuosa, recompensa maternal, brincadeiras
animadas, sexualmente gratificados) (MELLOR, 2016).

O bem-estar de um individuo baseia-se no seu estado em relacdo as
suas tentativas de adaptar-se ao ambiente em que esta inserido (BROOM, 1986).
Esse estado pode ser estimado através de indicadores fisiologicos ou
comportamentais em uma escala variando de muito bom a muito ruim (BROOM,;
MOLENTO, 2004). O bem-estar dos animais é de crescente importancia social e
cientifica, pois ndo tem impacto somente sobre 0s animais, mas afeta toda a cadeia
produtiva, desde a renda dos produtores até a qualidade da carne e de produtos
carneos (SMULDERS et al., 2006).

Os consumidores comecaram a se preocupar com a forma como os
animais sao criados, transportados e abatidos. Assim, as agroinddstrias se sentiram
pressionadas ao desafio de um novo modelo de criacdo e passaram a conceber que
0s animais devem ser tratados com cuidado. Respeitando sua capacidade de sentir
(senciéncia) e melhorando ndo s6 a qualidade intrinseca dos produtos de origem
animal, mas também a qualidade ética na criacdo dos mesmos (LUDTKE, 2010).
Desta forma, qualquer sistema criatério que proceda dentro dos padrdes sociais e
éticos ao bem-estar animal é altamente consideravel (MACHADO FILHO, 2000).

Na producdo animal a avaliagdo do bem-estar é complexa por
envolver aspectos relacionados ao animal, as instalacdes, ao manejo e ao ambiente
(BAPTISTA; BERTANI; BARBOSA, 2011). Por isso, destacam-se a importancia de
métodos n&o invasivos ao avaliar o bem-estar dos animais (DUPJAN et al., 2008). A
avaliacado do bem-estar pode ocorrer de forma quantitativa e os principais indicadores
incluem comportamento, produtividade, saude e fisiologia. O objetivo de mensurar
esses indicadores € monitorar a qualidade de vida dos animais. Com isso, torna-se
possivel melhorar os sistemas de producgéo e ajudar no reconhecimento de préticas
estressantes para que acodes corretivas e preventivas possam ser tomadas em todo o
ciclo de producédo (CANDIANI et al., 2008).

O conhecimento aprofundado da biologia do animal € necessario para
avaliar seu bem-estar. Na avaliagdo, as mensuragdes do comportamento possuem
grande importancia. Um animal que se encontra impossibilitado de adotar uma postura
preferida de repouso, apesar de repetidas tentativas, sera considerado como tendo

um pior bem-estar do que outro cuja situacao permite a adogéo da postura preferida.
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Comportamentos anormais, como estereotipias, automutilacdo, canibalismo em
suinos, ou comportamento excessivamente agressivo, indicam que o individuo em
guestao se encontra em condi¢des inadequadas de bem-estar (BROOM; MOLENTO,
2004).

Problemas no comportamento dos suinos (como brigas entre os
animais) podem estar relacionados aos niveis elevados de testosterona. Em suinos
selvagens esse comportamento agressivo era naturalmente minimizado. J& em um
espaco confinado, como uma granja de producdo, 0s suinos ndo possuem meios
praticos de evitar conflitos. Presume-se que sob niveis altos de testosterona os
comportamentos tornem-se mais agressivos, afetando negativamente os trés estados
de bem-estar do animal (fisico, mental e expressdo do comportamento natural)
(BRUNIUS, 2011).

Segundo Rydhmer, Lundstrom e Andersson (2010), quando se
compara a criacdo de suinos imunocastrados com suinos machos néo castrados, a
imunocastracdo pode melhorar o bem-estar dos animais. Suinos imunocastrados
possuem um comportamento menos agressivo e nao realizam com tanta frequéncia o
comportamento de monta, quando comparados a suinos machos nédo castrados, o
gue pode resultar em um ambiente mais calmo. Albrecht et al. (2012) também
concluiram gque a imunocastracdo reduz o comportamento sexual e agressivo quando
comparados aos suinos machos nado castrados e podem ser associadas a uma
melhora no bem-estar dos animais, quando comparados aos suinos castrados
cirurgicamente. No entanto, o comportamento sexual é intrinseco ao animal, ou seja,
faz parte do comportamento natural dos suinos (HEMSWORTH; TILBROOK, 2007).

O comportamento agressivo, além de ser prejudicial ao bem-estar
animal, pode causar lesdes na carcaca, contribuindo negativamente para a qualidade
da carne. A localizacdo das lesGes e o grau das lesdes encontradas podem indicar
expressamente o comportamento agressivo dos animais. E possivel usar a
localizagdo das lesdes para concluir como foram acumuladas. Mordidas recebidas
durante brigas normalmente localizam-se na parte anterior dos suinos, ja as mordidas
na regido traseira do animal, indicam que foi intimidado por outro suino (TURNER et
al., 2006). O comportamento agressivo de suinos normalmente é expresso com
cabecadas, um confrontando o outro com a cabeca, e essas interacdes de brigas sdo

menos propensas a causar lesdes (STUKENBORG et al., 2011).
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Os danos na regido traseira da carcaca também podem ser causados
pelo comportamento sexual. Esse comportamento ocorre quando um suino "monta”
em outro suino, e as unhas dos membros dianteiros podem gerar arranhfes na pele.
Contusdes causadas por atividade de monta séo facilmente reconheciveis, uma vez
gue tém uma forma de virgula, apresentando de 10 a 15 cm de comprimento e 0,5 a
1 cm de largura (FAUCITANO, 2001).

Levando em consideracdo o bem-estar dos suinos imunocastrados, a
administracdo da vacina de imunocastracdo em sistemas de alojamento em grupos
ou em sistemas ao ar livre pode causar algumas dificuldades praticas, podendo
desencadear situacoes de estresse agudo aos suinos. Além disso, a injecdo da vacina
também pode causar reacdes adversas no local da aplicacdo, embora sejam
frequentemente relatadas como reacoes leves (DUNSHEA et al., 2001; EINARSSON,
2006).

Outro fator relacionado ao bem-estar dos suinos imunocastrados € a
alimentacdo. Com o aumento do apetite dos suinos imunocastrados apos a segunda
dose da vacina, estratégias alimentares devem ser feitas a fim de garantir a saciedade
dos animais, sem efeitos negativos. A alimentacdo restritiva para imunocastrados
apos a segunda dose mostrou um nivel de agressao (incidéncia de lesdes cutaneas
na carcaca) semelhante aos suinos machos ndo castrados e superior aos suinos
imunocastrados e castrados cirurgicamente alimentados ad libitum (BATOREK et al.,
2012).

2.7 RIGOR MORTIS

No muasculo do animal vivo, o ATP (adenosina trifosfato) circula
continuamente para a manutencao do metabolismo. Entretanto, apos o abate, quando
o0 suprimento de oxigénio € cessado por meio da sangria, 0 musculo torna-se
anaerobio e o acido piravico ndo entra no ciclo de Krebs-Johnson e na cadeia
citocrébmica para formar ATP. Em anaerobiose ha formacéo de acido latico e apenas
8% do ATP em relagdo ao ATP formado pelo metabolismo aerdbio. Desta forma, o
metabolismo celular continua até as reservas de energia esgotarem (ATP, ADP
(adenosina difosfato), fosfocreatina e glicogénio). A principal fonte de ATP para o
metabolismo celular é o glicogénio armazenado no interior das células, que é

encontrado em torno de 1,5%. O ATP é importante nos processos de contracao
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muscular, pois provoca o desligamento das proteinas contrateis, miosina e actina, e
ativa a bomba ATP-dependente que transporta o Ca** do citoplasma para o interior
do reticulo sarcoplasmatico. Entdo, quando esgotam as reservas de ATP celular
formam-se enlaces ou pontes permanentes entre actina e miosina e o musculo perde
a elasticidade e ndo consegue mais relaxar, rigor mortis, e a concentracdo de Ca* no
citoplasma permanece alta (BRIDI, 2017; ROCA, 2016).

A glicolise post mortem ocorre em um ambiente celular anaerdébico,
onde o glicogénio é transformado em acido piravico e este € convertido em &acido
latico. Como a circulacéo sanguinea cessou, o lactato formado permanece acumulado
dentro das células, causando queda do pH. O rendimento liquido da glicose
anaerodbica é de 3 moles de ATP e 4 ions de hidrogénio. A queda inicial do pH é devido
a liberacdo de ions H* e posteriormente incrementada pela reducdo do piruvato a
lactato. A quantidade de glicogénio armazenado no musculo no momento do abate €,
portanto, decisiva no valor final de pH alcancado na carne. Normalmente, o valor de
pH do musculo no momento do abate encontra-se entre 6,9 e 7,2 e se estabiliza 24h
post mortem em torno de 5,8 quando as reservas de ATP esgotam e se estabelece o
rigor mortis (BRIDI, 2017).

A qualidade da carne depende de importantes caracteristicas,
estando entre elas a cor, capacidade de retencdo de agua, sabor, conteudo da
gordura, textura e maciez. A maciez post mortem é um complexo processo estrutural
e funcional que depende da espécie, genética, estado metabdlico do animal ante
mortem, complemento de proteinas e atividade de enzimas no musculo, além de
fatores ambientais (TAYLOR et al., 1995). A protedlise muscular post mortem, afeta a
qualidade da carne suina, tais como maciez, capacidade de retencao de agua e cor,
que, por sua vez, possuem forte efeito sobre a aceitacdo do consumidor. De acordo
com Moeller et al. (2010), ao consumir uma carne de qualidade, a maciez € um dos
parametros considerados mais importantes. Atribui-se que 65% da variacdo na maciez
da carne pode ser explicada pela alteracao na atividade da p-calpaina (DRANSFIELD,
1993).

2.8 EXPRESSAO DOS GENES p-CALPAINA E CALPASTATINA

Na resolucdo do rigor mortis ocorre a maturagdo da carne. As

atividades das enzimas pertencentes ao sistema denominado calpainas iniciam o
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processo de maturacao. O sistema das calpainas, também conhecido como enzimas
fatoradas pelo calcio, constitui-se de duas enzimas, a p-calpaina, que necessita de 5
a 50 uM de ions de célcio para sua atividade e a m-calpaina, que requer 300 a 1000
MM de ions de célcio para sua atividade. Estas duas enzimas degradam a linha Z e as
proteinas desmina, titina, nebulina, tropomiosina, troponina e proteina C. Apesar de
nao atuarem diretamente sobre a miosina e actina, a hidrdlise da tropomiosina e
troponina facilita a desestruturacao e a liberagéo dos filamentos finos, resultando nos
mondmeros da actina e a hidrolise da proteina C, em mon6meros da miosina. A
degradacdo da titina, nebulina, desmina e outras proteinas da linha Z, também
contribuem para enfraquecer a estrutura miofibrilar (ROCA, 2016).

O sistema das calpainas é ainda constituido pela presenca da
calpastatina, que por sua vez inibe a acdo das calpainas, diminuindo a degradacéo
das proteinas miofibrilares durante o processo de maturacdo, reduzindo assim a
maciez da carne. Transcorridas 24 horas ap6s o abate, em carnes maturadas, a
maciez sofre grande influéncia da calpastatina, cessando seus efeitos apenas quando
a concentracao de calpaina é exaurida ou o sistema enzimatico € destruido por algum
método de coccdo. Carnes com alta atividade de calpastatina no primeiro dia post
mortem necessitam de maior forca para serem cisalhadas, ou seja, S840 menos macias
(RUBENSAM; FELICIO; TERMIGNONI, 1998).

A atividade das calpainas nos musculos depende de véarios fatores,
como pH, nivel de ions de calcio e temperatura (BISWAS; TANDON; MANDAL, 2020).
O pH pode afetar a atividade das calpainas e a protedlise de seus substratos de
proteinas miofibrilares. Em relacdo aos valores de pH e for¢as i6nicas fisiologicamente
encontradas no musculo post mortem, tanto a p-calpaina como a m-calpaina
apresentam menor atividade contra os substratos da proteina miofibrilar do que em
pH 7. Mudancas no pH e nas forgas ibnicas podem causar modificagbes
conformacionais nas enzimas, assim como em seus substratos, afetando a atividade
das enzimas e a suscetibilidade dos substratos. Estas modificagdes podem tornar os
substratos menos vulneraveis a clivagem por p-calpaina (HUFF-LONERGAN;
LONERGAN, 1999).

Melody et al. (2004) analisaram fatores bioguimicos post mortem
precoces que influenciam a maciez de trés musculos de suinos (psoas maiores,
longissimus thoracis e semimembranosus). A autolise da subunidade de 80 kDa de p-

calpaina na fragcdo sarcoplasmatica ocorreu em 94% das amostras de psoas maiores
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(pH 5,49) em 45 min post mortem, mas nas amostras de muasculos longissimus
thoracis (pH 5,96) e semimembranosus (pH 6,06) a autdlise ndo foi evidente.
Entretanto, as 6 h e 24 h post mortem, a autdlise da subunidade de 80 kDa de p-
calpaina tinha ocorrido em todos os musculos (psoas major (pH 5,63 e 5,69),
longissimus thoracis (pH 5,68 e pH 5,67) e semimembranosus (pH 5,71 e 5,69).
Baseado nestes achados, € possivel concluir que, quando o pH final é reduzido, as
enzimas proteoliticas ndo sado tao eficazes em sua capacidade de decompor proteinas
miofibrilares, como titina e desmina.

O sistema das calpainas possuem diferentes papéis nas células,
incluindo a "remodelacdo” das ligacdes citoesqueléticas a membrana plasmatica
durante a fusdo celular e a motilidade celular, a modificacéo proteolitica das moléculas
nas vias de transducdo de sinal, a degradacdo das enzimas que controlam a
progressao por meio do ciclo celular, a regulacéo da expresséo génica, a degradacao
do substrato em algumas vias apoptéticas e o envolvimento na potencializacdo a
longo prazo (GOLL et al., 2003).

A regulacdo da expressdo dos genes ocorre por processos que
afetam as taxas em que os produtos génicos sao sintetizados e degradados. Grande
parte dessa regulacdo ocorre no nivel da iniciacdo da transcricdo, mediada por
proteinas regulatorias que ou reprimem a transcricdo, regulacdo negativa, ou ativam
a transcricéo, regulacdo positiva, em promotores especificos (NELSON; COX, 2014).

De acordo com Goll et al. (1992), a expressao génica do sistema das
calpainas pode estar relacionada aos hormoénios esteroides, visto que ao avaliar a
funcao fisiolégica do sistema calpainas, foi demonstrado, in vitro, que as calpainas
degradam trés classes de proteinas de substrato: proteinas citoesqueléticas; kinases
e fosfatases; e receptores hormonais. Portanto, os hormonios esteroides podem ativar
a expressao génica por vias nas quais sao necessarias atividades dependentes e
independentes dos receptores de esteroides para a ligagédo do DNA. Os receptores se
ligam a elementos de resposta Unicos ou multiplos para ativagéo. Os locais de ligacao
dos receptores podem funcionar em sinergia ou em conjunto com os locais de ligacao
de outros fatores de transcricdo. Assim, a interacdo proteica dos receptores e das
proteinas ndo receptoras pode desempenhar um papel na ativagdo da expressédo
genética (CATO; PONTA; HERRLICH, 1992).

Os hormonios esteroides regulam a expressao génica por meio de um

mecanismo geral no qual os hormoénios sédo transportados ao tecido alvo por soro
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sanguineo contendo proteinas, difundem-se por meio da membrana plasmatica e se
ligam a receptores de proteina especificos no nucleo. A ligacdo do horménio altera a
conformacao do receptor (ativagcdo ou transformacgéo do receptor), forma homo ou
heterodimeros com outros complexos receptores hormonais e se liga a regides
reguladoras especificas chamadas elementos de resposta hormonal no DNA
adjacente a genes especificos. O receptor atrai proteinas co-ativadoras ou correlatas
e, com elas, regula a transcricdo de genes adjacentes, aumentando ou diminuindo a
taxa de formacdo de mRNA. Niveis alterados do produto genético regulado pelo

horménio produzem a resposta celular ao horménio (NELSON; COX, 2014).
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4 HIPOTESE

Artigo A: Desempenho, indicadores de estresse e qualidade da carne de suinos

machos ndo castrados e imunocastrados.

A hipétese deste estudo € que suinos machos néo castrados
apresentam melhor desempenho. No entanto, as diferengas entre os géneros e a
presenca de compostos que causam o odor sexual podem comprometer a qualidade
da carne e suas propriedades sensoriais, resultando em uma baixa aceitabilidade

social, além do comprometimento da carcaca devido ao aumento da agressividade.

Artigo B: Efeitos do género na qualidade da carne suina e na expressao génica da

calpaina-1 e calpastatina no musculo de suinos machos.

A hipétese deste estudo é que suinos machos ndo castrados
expressam menos calpaina-1 e tém maior expresséo da calpastatina, resultando em
uma diminuicdo da protedlise e, consequentemente, menos maciez na carne do que

suinos machos imunocastrados.
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5 OBJETIVOS

5.1 OBJETIVO GERAL

Investigar os efeitos do género de suinos machos (néo castrados e
imunocastrados) no desempenho, na expressao génica da p-calpaina e calpastatina

e na qualidade da carne.

5.2 OBJETIVOS ESPECIFICOS

Artigo A: Desempenho, indicadores de estresse e qualidade da carne de suinos

machos ndo castrados e imunocastrados.

e Estimar o consumo, o ganho de peso e a conversao alimentar de suinos
machos;

e Avaliar a regressdao e o0 desenvolvimento dos testiculos dos suinos
imunocastrados e ndo castrados, respectivamente;

¢ Verificar os indicadores de estresse, nivel de cortisol no plasma, grau de lesdes
nas carcacas e valor de R;

e Determinar a concentracdo de compostos que causam odor sexual, escatol e
indol;

e Analisar a composicao quimica, perfil de acidos graxos e oxidacéo lipidica da
carne;

e Estimar a aceitacdo da carne de suinos machos por meio de avaliacdo

sensorial da carne e da gordura.

Artigo B: Efeitos do género na qualidade da carne suina e na expressao génica da

calpaina-1 e calpastatina no musculo de suinos machos.

e Avaliar as caracteristicas de carcaga de suinos machos;
¢ Analisar a qualidade da carne de suinos machos;
e Estimar a expressdo genica calpaina-1 e calpastatina suas associacdes com

parametros ligados a maciez da carne.
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6 ARTIGO A - Performance, stress indicators, and meat quality of boars and

immunocastrated male pigs

Artigo cientifico escrito segundo as normas da revista Livestock Science

Abstract

The release of boars slaughter in Brazil highlights the need for studies exploring the differences
between reproductive status of male pigs. Therefore, the aim of this study was to compare the
effects of reproductive status on the performance, stress indicators, and meat quality of male
pigs. A total of 40 male pigs with commercial genetics at the finishing period were assigned to
two treatments with 20 animals each: entire males (boars) and immunocastrated. Boars
presented larger reproductive organs than immunocastrated pigs, except for the bulbourethral
gland. In the performance evaluation, boars presented lower daily feed intake (at finishing phase
I1) and better feed conversion (at finishing phase I1) than immunocastrated pigs. Boars showed
a higher degree of lesions in the carcasses than immunocastrated pigs. There was no difference
in cortisol levels and R-values between treatments. Boars presented higher skatole levels and
skatole cut-off levels than immunocastrated pigs. There was no difference in indole levels and
indole cut-off levels between treatments. In terms of meat chemical composition, boars
presented higher levels of moisture and a lower percentage of protein than immunocastrated
pigs. Boar meat presented lower saturated fatty acids and higher unsaturated, polyunsaturated,
omega 6, and ratio of polyunsaturated and saturated fatty acids than the meat of
immunocastrated pigs. In the sensory evaluation performed by consumers, for general meat
(odor and flavor), boars had a higher score than immunocastrated pigs, and meat of both
treatments was classified as good. A higher number of consumers evaluated immunocastrated

pork as extremely good than that for boar meat. Sensory panels provided higher scores for the
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general fat odor and pork odor of boars (bad and indifferent, respectively) than for that in
immunocastrated pigs (indifferent). Boars had higher scores for boar taint sensory in fat odor,
pork odor, and flavor than immunocastrated pigs, and meat of both treatments was classified as
extremely weak. In skatole fat odor and pork odor, boars exhibited higher scores (none and
extremely weak, respectively) than immunocastrated pigs (none). Regarding androstenone fat
odor and pork odor, boars also presented higher scores (very weak and extremely weak,
respectively) than immunocastrated pigs (extremely weak). Therefore, this study provides
evidence that there are established differences between reproductive status of males, but these
differences did not compromise the quality and acceptability of boar meat. However, to enable

the production and consumption of boar meat in Brazil, these results need to be further explored.

Keywords: boar taint, fat, immunocastration, indole, sensory evaluation, skatole.

1. Introduction

One of the biggest animal welfare concerns in world pig production is the surgical
castration of piglets without anesthesia, because of the pain and stress caused to these animals
(Bernau et al., 2018). In this context, the European declaration intended the elimination of
surgical castration of pigs without pain relief by 2012 and gradual elimination of surgical
castration by 2018. However, the deadline officially expired on January 1, 2018, and the
European pig chain has not yet completely adopted alternatives for favorable animal welfare,
such as surgical castration with anesthesia/analgesia or raising entire male pigs (boars) or
immunocastration of male pigs (Tomasevic et al., 2019).

It could be possible to eliminate boar taint and decrease aggressive and sexual behaviors

of boars. Immunocastration represents a substantial technological advance in providing a
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painless and easy alternative (Grela et al., 2020). Pig immunocastration is widely used in Brazil,
Australia, and New Zealand, but it still faces problems of acceptance by consumers and the pig
production chain in North America and the European Union. Problems include the
modifications needed to apply the immunocastration vaccine, the risk of accidental self-
injection by workers, and the need to confirm the immunocastration efficacy (Squires et al.,
2020). In Brazil, besides the immunization technique, surgical castration is still widely used.
This is because the slaughter of boars has been forbidden in Brazil since 1952 and has remained
so for 68 years. However, since August 18, 2020, the slaughter of boars has been allowed in
Brazil according to Decree 10.468, art. 3 (Brazil, 2020).

Changing from surgically castrated pigs to the production of immunocastrated pigs or
boars may affect the processing and properties of fresh pork and meat products because of
changes in fat and meat quality. Knowledge of the differences between male reproductive
conditions, and full monitoring of the quality of the raw material, are essential to overcome
variation and optimize processing (Skrlep et al., 2020). Furthermore, changes in pig production
and the introduction of meat from boars into the market may affect consumer acceptability with
respect to boar taint. Therefore, studies are necessary to determine the views of consumers on
the sensory acceptance of pork and consumer attitudes toward pig production systems and their
consequences (Font-i-Furnols, 2012).

The hypothesis of this study is that boars exhibit better performance than
immunocastrated pigs. Differences between reproductive status and the presence of compounds
that cause boar taint could compromise the meat quality and its sensory properties, resulting in
low social acceptability. Furthermore, increased aggressiveness may compromise the carcass.
Therefore, the goal of this study was to compare the effects of reproductive status of males

(boars and immunocastrated pigs) on the performance, stress indicators, and meat quality.
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2. Material and methods

The present study was submitted and approved by the Ethics Committee on the Use of

Animals of the State University of Londrina, under process n® 16367.2016.53.

2.1. Animals, housing, and treatments

A total of 40 male pigs from Agroceres PIC™ x DB-DanBred™ genetics were randomly
assigned to two treatments of 20 animals each: entire male pigs (boars) and immunocastrated
male pigs. The animals were housed in 20 pens (2 pigs of the same treatment per pen). Each
brickwork pen was 1.5 m wide x 1.5 m high, totaling 2.25 m? of area per pen (1.13 m?/pig),
with concrete and compact floors, one nipple-type drinker, and one trough for feed (semi-
automatic feeder for one mouth, model CAP 1BT™, 250 mm deep x 360 mm width x 200 mm
height, capacity 30 kg; Industrial Agricultural Suin, Joinville - Santa Catarina, Brazil, 2010).

Immunocastration of each animal was conducted using a commercial vaccine (Vivax®),
with two doses of 2 mL, administered subcutaneously in the neck region near the base of the
ear, according to the manufacturer’s instructions. They received the first and second doses at 9
and 5 weeks prior to slaughter, i.e., at 104 days of age (59.10 £ 4.35 kg of live weight (mean +
SD)) and 132 days of age (88.2 £ 5.71 kg of live weight), respectively. The boars did not
undergo any type of intervention.

The experimental period was divided into two phases: finishing I (70 to 100 kg) and 11
(100 to 125 kg). Pigs began finishing I at 119 days of age and 73.28 + 5.27 kg live weight and
finishing Il at 146 days of age, weighing 103.33 + 6.83 kg, on average. Animals were
slaughtered at the end of finishing Il, with an average weight of 126.62 + 8.44 kg at 166 days

of age. Animals from both treatments received the same diets (Table 1) ad libitum, formulated
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to meet the nutritional requirements recommended by Rostagno et al. (2011) for finishing

phases I and II.

2.2. Performance, reproductive organs, and slaughter of male pigs

To control performance, pigs were weighed at the beginning of each finishing phase (I
and I) and at the end of the finishing period (day of slaughter). Furthermore, feed provided and
wasted were quantified weekly, enabling the estimation of daily weight gain, daily feed intake,
and feed conversion of pigs. Testicular width was measured 9 weeks before slaughter and
weekly until the slaughter week, using a pachymeter in the mean portion of testes.

Preslaughter management consisted of a water diet until slaughter and 15 h of total solid
fasting. Animals were shipped 12 h after feed withdrawal and transported to a slaughterhouse
(1 h), where they remained in a lairage pen (2 h) with 20 pigs of the same treatment per pen,
until the time of slaughter. Slaughter was conducted in a commercial slaughterhouse under the
State Inspection Service (SIP) and according to humanitarian slaughter standards (Brazil,
2000). The testes and bulbourethral glands were collected from the slaughterhouse. For
testicular width, measured with a pachymeter, the testes were dissected out of the scrotal sac,
and the epididymis was removed. The testes, epididymis, and bulbourethral glands were

weighed.

2.3. Stress indicators

After unloading at the slaughterhouse, the pigs were housed according to their respective

treatments in two lairage pens (20 pigs of the same treatment per pen). Behavioral evaluation

consisted of direct observation of the animals for a 2 h period, and the sexual behaviors of



126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

49
mounting and aggressive fights were quantified. The behavioral analysis was performed by
trained observers before the evaluation to standardize the behavioral observations. For
observation, the "sampling all occurrences of some behaviors" method was adopted, which
consisted of recording all occurrences of a behavioral class (mount and fight) for all members
of the group (Altmann, 1974). The behaviors evaluated were defined as fighting (two pigs or
more fighting, giving, or receiving blows to the body, head, or bites) and mounting (placing the
front legs of a pig on top of the back of another pig).

At the slaughter line, blood samples were collected from pigs, and the plasma was
removed after centrifugation (10 minutes at 1000 xg) and stored at -18 °C until analysis.
Cortisol analysis was performed in a specialized commercial laboratory using the
chemiluminescence method. The severity of carcass lesions was assessed by the same evaluator,
following a subjective photographic scale developed by the Meat and Livestock Commission
(MLC) (1985), in which the lesions are classified into five categories: (1) no injury, (2) lightly
injured, (3) slightly injured, (4) moderately injured, and (5) severely injured.

To determine the extent of rigor mortis and ATP depletion, a meat sample (2 cm) of
semitendinosus muscle was collected, packed in aluminum paper, frozen in liquid nitrogen, and
stored at -80 °C until analysis. The R-value analysis was performed following the methodology
of Honikel and Fischer (1977). The 1 g meat samples were added to perchloric acid, blended
for 30 s in ultra-turrax (Marconi®), centrifuged for 5 min at 4 °C and 3000 xg (K3 series;
Centurion Scientific®), and added to a phosphate buffer. The absorbance readings were
measured in a quartz cuvette in a spectrophotometer (Evolution 60S; Thermo Scientific®,

USA) at 250 nm (IMP) and 260 nm (ATP). The value of R was calculated using IMP:ATP.

2.4. Boar taint compounds
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Subcutaneous fat samples were taken from carcasses in the perianal region, vacuum-
packed, and stored at -18 °C until analysis. Skatole and indole concentrations in extracted fat
were determined using high performance liquid chromatography (HPLC) (LC-20A
Prominence; Shimadzu®) and a fluorescence detector according to the methodology of Oskam
et al. (2010). To perform the analysis, 1 g of each fat sample was melted in a microwave oven
(for 4 min at 350 W) and centrifuged for 15 s at 20 °C and 3000 xg (K3 series; Centurion
Scientific®), and water was removed and discarded.

Subsequently, the samples were heated for 5 min at 55 °C in a water bath (MA 159;
Marconi®), and the internal standard 3-methylindole (98 % purity, Sigma Aldrich®) diluted in
methanol was added. The samples were heated again (for 5 min at 55 °C) in a water bath, shaken
in a vortex (Lab Dancer S25; IKA®), and centrifuged (for 30 s at 20 °C and 3000 xg). The
supernatant was removed and stored in an amber HPLC vial. The extraction continued with the
addition of methanol, vortex agitation, centrifugation (for 30 s at 20 °C and 3000 g), and the
finally removed supernatant fluid was stored in an amber HPLC vial, producing 1 mL samples.
The chromatographic conditions consisted of a reverse-phase column C18 (Hypersil ODS, 150
mm x 4.6 mm, 5 um, Thermo Scientific®) with isocratic elution of 0.02 mol L* acetic acid
solution, acetonitrile, and 2-propanol in an isocratic proportion (60%:25%:15%), at a flow rate
of 1.00 mL min't and column temperature of 40 °C. The injection volume was 10.0 uL, and the
run time was 20 min. The excitation and detection wavelengths were 270 and 350 nm,
respectively. The skatole and indole peaks differentiated according to retention time. The results
are expressed in pg of skatole and indole per g of fat. The cut-off level of skatole was >0.20

ug/g fat (Squires & Bonneau, 2014) and for indole was >0.10 ug/g fat (Aluwe et al., 2009).

2.5. Chemical composition, fatty acid profile and lipid oxidation in longissimus thoracis et

lumborum
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Samples of longissimus thoracis et lumborum muscles were obtained from the left half
of the carcass, at the last rib in the caudal-cranial direction, to determine the chemical
composition, fatty acid profile, and lipid oxidation (Thiobarbituric acid reactive substances
[TBARS]). The meat samples were packed in plastic bags and frozen at -18 °C until analysis.
To perform the analyses, frozen meat samples were thawed at 4 °C for 24 h. Meat chemical
composition (moisture, protein, fat, and ash) was determined according to the methodology
proposed by the Association of Official Agricultural Chemists (AOAC, 2016).

To determine the profile of pork fatty acids, total lipids were extracted (Bligh and Dyer,
1959), and the transesterification process was performed according to the International
Organization for Standardization (1978). The meat samples (30 g) were homogenized in
chloroform and methanol, filtered, and decanted, and the solvents were evaporated in a water
bath rotary evaporator (Marconi®) at 33 °C. Fatty acid methyl esters were analyzed using a gas
chromatograph (GC-17A; Shimadzu®). The results were expressed as the percentage of fatty
acids identified relative to the total content. Based on the fatty acids found, the omega 6 and
omega 3 ratio (N6:N3) and polyunsaturated and saturated ratio (PUFA:SFA) (Ulbricht and
Southgate, 1991) were determined. Meat lipid oxidation was determined in 5 g meat samples
using substances reactive to the 2-tiobarbituric acid (TBARS) precipitation path, as described
by Mendes et al. (2009) and adapted by Mendonga (2016). The data are expressed in mg

malondialdehyde per kg meat.

2.6. Fat and meat sensory evaluation

Subcutaneous fat samples from the perianal region and meat samples of longissimus

thoracis et lumborum muscles were collected from carcasses for sensory evaluation. Fat and
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meat samples were cut into cubes of approximately 2 cm?, wrapped in aluminum paper, and
grilled for 3 min. Fat sensory evaluation was performed only by sensory panels, whereas meat
sensory evaluation was performed by sensory panels and pork consumers (untrained tasters).
Tasters received coffee powder, water, and unsalted biscuits to clean their sense of smell and
palate and avoid mixing odors and flavors between the samples evaluated.

Sensory evaluation by pork consumers and untrained tasters was performed by 80 tasters
in the sensory lab, using the paired test of preference, which consisted of offering two samples
of pork with one sample being from each treatment. Untrained tasters assigned a score for each
sample, using a structured scale with seven points for general odor and flavor of meat: (1)
extremely good, (2) very good, (3) good, (4) indifferent, (5) bad, (6) very bad, and (7) extremely
bad.

The sensory evaluation was performed by eight sensory panels, who analyzed fat and
meat odor parameters and meat flavor parameters (Associacdo Brasileira de Normas Técnicas
[ABNT], 1993). Selected sensory panels were trained over a period of 3 months (Dutcosky,
2013). Each panel received a sample (from each animal in each treatment) at a time and
quantified the odor and flavor of general, boar taint, skatole, and androstenone parameters. Two
structured intensity scales were used, with seven points, which for general odor and flavor were
as follows: (1) extremely good, (2) very good, (3) good, (4) indifferent, (5) bad, (6) very bad,
and (7) extremely bad. For odor and flavor of boar taint, skatole, and androstenone odor, they
were: (1) none; (2) extremely weak; (3) very weak; (4) weak; (5) strong; (6) very strong; and

(7) extremely strong.

2.7. Statistical analysis
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The experimental design was a completely randomized block with two treatments and
20 replicates per treatment. The pigs were blocked according to their live weights at the
beginning of the experiment. All statistical procedures were conducted using R software (R
Core Team, 2020; version 4.0.0), assuming a probability level of 5% (P < 0.05) as the limit for
statistical significance.

The effects of treatments, boars and immunocastrated pigs, on the performance,
reproductive organs, stress indicators, boar taint compounds, meat chemical composition, fatty
acid profile, lipid oxidation, and fat and meat sensory evaluation were submitted to an analysis
of variance. Means were compared using the F test, and results are presented as the mean + SE.
Data for each carcass degree of lesion, skatole and indole cut-off levels, and percentage for each
general score of meat by untrained tasters were analyzed considering pigs as the experimental
unit using Fisher's exact test, with a total of 20 replicates per treatment, and the results are

presented as percentages.

3. Results and Discussion

3.1. Gender effects of male pigs on reproductive organs

In the weekly testicular assessment (Figure 1), boars presented higher testicular width
than immunocastrated pigs in the last 3 weeks before slaughter (+ 0.94 cm; + 1.95 cm; +2.33
cm, respectively; P < 0.05) and the week of slaughter (+ 2.46 cm; P < 0.001). From 9 to 4 weeks
before slaughter, there was no significant difference (P > 0.05). After slaughter, boars also had
higher testicular width (P < 0.05), weight (P < 0.001), and epididymis weight (P < 0.001) than
immunocastrated pigs (Table 2). There was no difference between animals in the two treatments

for bulbourethral gland weight (P > 0.05).
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Immunocastration had a significant impact on testicular growth after the second dose of

the vaccine, which blocked the release of GnRH from the hypothalamus and the secretion of
luteinizing hormone and follicle-stimulating hormone from the anterior pituitary gland,
consequently inhibiting the development of male reproductive organs (Fabrega et al., 2010;
Lugar et al., 2016; Pauly et al., 2009; Zoels et al., 2020). In this study, immunocastration was
effective in reducing the size of reproductive organs. After the second dose of
immunocastration, steroid production was drastically reduced, and the testicles needed time to
reduce because they are made of solid tissue. As steroids are necessary for the normal function
of the accessory sexual glands, the production of seminal fluid in the seminal vesicles ceases
when the animal is immunized, and the low-viscosity seminal fluid is quickly reabsorbed
(Bonneau, 2010). However, the bulbourethral glands have thicker walls, more viscous content,
and a more elongated form than the seminal vesicles; thus, their reabsorption is slower.
Therefore, the weight and function of the bulbourethral glands decreased very slowly after the
second dose of vaccine (Bonneau, 2010). This may explain why there was no difference in the

bulbourethral glands between immunocastrated pigs and boars.

3.2. Gender effects of male pigs on performance

The daily feed intake (Table 3) of immunocastrated pigs was higher than that of boars
at finishing phase Il (P < 0.05). For daily feed intake at finishing phase | and the total finishing
period, there was no difference between treatments (P > 0.05). Boars presented better feed
conversion at finishing phase 1l than immunocastrated pigs (P < 0.05). However, at finishing
phase | and the total finishing period, there was no difference between animals of the two
treatments (P > 0.05). There was no difference in weight and daily weight gain between boars

and immunocastrated pigs at all finishing periods.
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With the effects on reproductive organs and feed intake, the results of this study may
confirm that immunocastrated males have reduced steroidogenic capacity after the second dose
(Dunshea et al., 2008). The effects on steroidogenic capacity persist at least 8 weeks after the
second dose, even though antibody titers decrease (Dunshea et al., 2008). In a meta-analysis of
19 studies, between the second immunization and slaughter, compared with boars, the
Immunization against GnRF significantly increased feed consumption rate in immunocastrated
males. Small increases in feed conversion rate appeared to occur in smaller groups (4-8
pigs/pen), where negative activities, such as aggression and sexual activity, were not be as high
as in larger groups (Dunshea et al., 2013). This may explain the results of this study because all

male pigs were housed in pairs (two pigs per pen).

3.3. Gender effects of male pigs on stress indicators

In the evaluation of fighting and mounting behaviors in the lairage pens (data not
shown), there were 70 observations for boar mounting behavior and only three observations for
immunocastrated pigs during 2 h. Thus, the boars exhibited a 23.30 times higher incidence of
mounting behavior than the immunocastrated pigs (numerical difference). For fighting
behavior, there were 78 observations for boars and 21 for immunocastrated pigs during 2 h.
Therefore, the boars exhibited 3.70 times higher fighting behavior than the immunocastrated
pigs (numerical difference).Boars had a higher degree of lesions in the carcass than
immunocastrated pigs (P < 0.05; Table 4). On average, boar carcasses were classified as lightly
lesioned, and immunocastrated pig carcasses were classified as having no lesions. There was
no difference in the percentage of carcasses for each degree of lesion (data not shown). For
score 1 (no lesion), 35 % of boar carcasses and 60 % immunocastrated pig carcasses (P = 0.205)

displayed this value. For score 2 (lightly lesioned), 45 % boar carcasses and 40 %
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immunocastrated pig carcasses displayed this score (P = 1.000). For score 3 (slightly lesioned),
20 % boar carcasses and 0 % immunocastrated pig carcasses were recorded (P = 0.106). No
animal presented carcasses that were (score 4) moderately lesioned or (score 5) severely
lesioned. There was no difference (P > 0.05) in cortisol levels and R-value (ATP depletion)
between boars and immunocastrated pigs (Table 4).

The higher fighting and mounting behavior observed in the lairage pen may explain the
higher degree of lesions in the boar carcasses. The fact that the pigs were housed in pairs on the
farm and then mixed in the transport and lairage pen (20 pigs of the same treatment in each pen)
may have contributed to these results. According to Staaveren et al. (2015), mixing boars from
other pens before transport to slaughterhouse stimulates mounting and fighting behavior,
resulting in an increased risk of skin lesions. The incidence of aggressive behaviors is associated
with increased cortisol levels in plasma (Fernandez et al., 1994a) and degree of skin lesions
(Teixeiraand Boyle, 2014) and muscle glycogen depletion (Fernandez et al., 1994b). Generally,
boars showed higher aggressive behaviors and, consequently, higher levels of plasma cortisol
(Kress et al., 2020) and higher degree of skin lesions (Rydhmer et al., 2010) than
immunocastrated pigs.

However, in this study, there was a difference between the degree of lesions in the
carcasses, but no difference in stress indicators (cortisol and R value) of boars and
immunocastrated pigs. This may have occurred because transport and lairage conditions were
good and their durations allowed pigs to rest and establish their body reserves (Terlouw et al.,
2008). Strange pigs mixed in a new pen presented higher numbers of fights in the first 30 min
in the lairage pen. Regardless of whether the pigs were from individual or mixed producer lots,
the pigs settled down after 1 h in the lairage pen. Therefore, penning the pigs for 1 to 2 h before
slaughter is recommended as a sufficient time to allow the pigs to settle down (Moss, 1978).

Thus, the lack of difference between treatments for stress indicators could be attributed to the
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time (2 h) in the lairage pen, which was sufficient for the animals to rest and recover their body

reserves before slaughter.

3.4. Gender effects of male pigs on boar taint compounds

Boars presented higher skatole levels (P < 0.001) than immunocastrated pigs (Table 4).
However, for indole levels, there was no difference between animals of the two treatments (P
> 0.05). Higher skatole concentrations in boars than in immunocastrated pigs have also been
reported in other studies (Han et al., 2019; Kress et al., 2020; Skrlep et al., 2012). This result
highlights that the immunocastration vaccine was effective in reducing the levels of
compounds, such as skatole, that cause boar taint (Gispert et al., 2010; Kress et al., 2020; Pauly
et al., 2009).

Skatole (3-methylindole) and androstenone (5a-androst-16-ene-3-one) are compounds
primarily responsible for boar taint. However, other chemicals that might also contribute to a
lesser degree to boar taint include androstenols, indole, and benzylideneacetone (4-phenyl-3-
buten-2-one) (Squires and Bonneau, 2014). The indole concentrations did not differ between
animals of the two treatments, as observed in the study conducted by Batorek et al. (2012).
However, indole may not have a direct effect on boar taint perception. In cases where skatole
concentrations are low, indole may compensate for the effects of skatole (Annor-Frempong et
al., 1997).

The skatole levels in the fat of boars usually vary from 0.00 to 0.8 ug/g; however, it can
reach up to 1.5 ug/g. Castrated male and female pigs usually exhibit skatole concentrations of
approximately 0.3 ug/g (Babol and Squires, 1995). The cut-off level that defines a limit between
untainted and tainted samples suggested for skatole is >0.20 ug/g (Squires and Bonneau, 2014)

and for indole is >0.10 ug/g in pig fat (Aluwe et al., 2009). In this study, the skatole cut-off
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level was higher in boar carcasses than in immunocastrated male pigs (P = 0.047). Boars
presented levels above the cut-off in 25% of carcasses (5 out of 20 carcasses), whereas none of
the immunocastrated pig carcasses had levels of >0.20 ug/g (data not shown). For indole cut-
off levels (>0.10 ug/g), there was no difference between animals of the two treatments (P =
0.501). Boars presented levels above the cut-off in 40% of carcasses (8 out of 20 carcasses),
whereas only 25% of immunocastrated pig carcasses were above the cut-off (5 out of 20
carcasses) for indole levels. In this study, the mean skatole and indole concentrations found in
boars and immunocastrated pigs were below the cut-off levels. These results may be considered
positive because high percentages of skatole concentrations above the cut-off level are not very
promising to produce boars for markets where the boar taint is perceived as a problem (Walstra

etal., 1999).

3.5. Gender effects of male pigs on meat chemical composition

Boars presented higher levels of moisture (P < 0.001) and lower percentages of protein
and fat (P < 0.05) than immunocastrated pigs (Table 4). For ash and fat:protein ratio, there was
no difference between animals of the two treatments (P > 0.05). The highest meat moisture
percentage of boars was good in terms of meat quality. In addition to natural and thermal loss,
the free water content (moisture) is an important parameter for the processing of meat products
and for the organoleptic value of meat (Babol and Squires, 1995; Grela et al., 2020).

The same results were observed by Skrlep et al. (2020); the percentage of meat protein
followed that of meat fat, and as such, boars showed lower protein and fat contents than
immunocastrated pigs. Testicular steroid synthesis in boars includes that of androgens and
estrogen (Claus and Hoffmann, 1980), increasing anabolic potential and, consequently,

providing a high capacity for protein deposition (Claus et al., 1994) and lower intramuscular
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lipid deposition (Martin et al., 1968). The high amount of protein in immunocastrated pigs could
be explained by the benefits derived from the effects of testicular steroids during the growth
and deposition time, which is the same time as that of boars (Dunshea et al., 2001). However,
because muscle is one of the last tissues where fat tends to deposit during growth (Ovilo et al.,
2000), the immunocastrated pigs had deposited more fat than boars. After the second dose of
the immunocastration vaccine, the pigs were effectively castrated and deprived of hormonal

action (Dunshea et al., 2001).

3.6. Gender effects of male pigs on fatty acid profile and lipid oxidation

The results for saturated fatty acids (SFA) indicated that boar meat presented lower
lauric and palmitic acid contents (P < 0.05) than immunocastrated pork (Table 5). For other
SFAs and monounsaturated acids (MUFAS), there was no difference between meats of the two
treatments (P > 0.05). Boar meat presented higher contents of dihomo-y-linolenic and
arachidonic polyunsaturated acids (PUFAS; P > 0.05) than immunocastrated pork. For other
PUFAs, there was no difference between meats of the two treatments (P > 0.05). Regarding the
total fatty acid profile, boar meat had a lower percentage of SFA and higher contents of
unsaturated fatty acids (UFA), PUFA, and omega 6 (N6), and the PUFA:SFA ratio than
immunocastrated pigs (P < 0.05). Contents of MUFA and omega 3 (N3), the N6:N3 ratio, and
level of TBARS (lipid oxidation) were not significantly different between the two treatments
(P > 0.05). According to Wood et al. (2008), pigs have a much higher proportion of PUFA
(linoleic acid) in adipose tissue and muscle than do cattle or sheep. In addition to the species,
the reproductive status of pigs can also interfere with the proportion of fatty acids, as shown in

this study. Consistent with the results of Grela, Kowalczuk-Vasilev, and Klebaniuk (2013), who
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showed lower SFA and higher PUFA contents in boar meat than in immunocastrated pork, there
was no difference in MUFA and the N6:N3 ratio in the meat of both treatments.

The higher percentage of SFA in immunocastrated pork is beneficial from a
technological viewpoint (Candek-Potokar et al., 2017). A high PUFA:SFA ratio improves the
nutritional value of meat, although it may affect meat quality (Grela et al., 2013; Teye et al.,
2006). Because of the very different melting points, the variation in fatty acid composition has
an important effect on the firmness and color of meat fat (subcutaneous, intermuscular, and
intramuscular). Furthermore, the ability of UFAs, especially PUFASs, to oxidize quickly is
important for regulating the shelf life of meat (rancidity and color deterioration). However, the
propensity to oxidize is important for the development of taste during cooking (Wood et al.,
2003).

The fatty acid composition of muscle affects its oxidative stability during processing
and retail display, and PUFAs in phospholipids are susceptible to oxidative breakdown at this
stage (Wood et al., 2008). In this study, although there was a higher PUFA:SFA ratio in boar
meat than in immunocastrated pig meat, there was no reproductive status effect on oxidative
lipid stability (TBARS) of the meat; the same result was found by Grela et al. (2020). Another
important factor is the critical range of TBARS values (ranging from 0.5 to 1.0 mg MDA/kQ),
because they indicate the levels of lipid oxidation products that produce a rancid odor and taste
that can be detected by consumers (Tarladgis et al., 1960; Wood et al., 2008). In this study,
meats in both treatments had TBARS values below the threshold range, which were positive

for pork quality.

3.7. Gender effects of male pigs on sensory evaluation of fat and meat
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In the sensory evaluation performed by consumers, who were untrained tasters,
evaluation of the general characteristics (odor and taste), boar meat (3.39 + 0.15) revealed a
higher average score in evaluations than immunocastrated pork (2.94 + 0.15; P = 0.032);
however, the meat from both treatments was classified as (3) good. Regarding values for each
general meat score (Figure 2), a higher number of consumers evaluated immunocastrated pork
as extremely good (1) than that for boar meat (P = 0.027). There was no difference in the other
scores between the meat of both treatments (very good [2]: P = 0.554; good [3]: P = 0.200;
indifferent (4): P = 1.000; bad (5): P = 0.831; very bad (6): P = 1.000; and extremely bad (7): P
= 0.497).

Considering the general odor and flavor of fat and pork in the sensory evaluation
performed by sensory panels (Figure 3), on average, the tasters rated the general fat odor of
boars as (5) bad, whereas the fat odor of immunocastrated pigs (P < 0.001) was scored (4)
indifferent. For general pork odor, boar meat had a higher score than immunocastrated pork (P
=0.003); however, meat of both treatments was classified as (4) indifferent. In the general pork
flavor of boars and immunocastrated pork, there was no difference (P = 0.093), and both were
classified as (4) indifferent.

Evaluation of the sensory characteristics of boar taint, skatole, and androstenone in fat,
and pork odor and flavor (Figure 4), boars had higher scores for boar taint sensory
characteristics in fat odor (P = 0.003), pork odor (P < 0.001), and flavor (P = 0.024) than
immunocastrated pigs; however, all these parameters were classified as (2) extremely weak in
both treatments. In fat odor of skatole, boar fat had a higher score than immunocastrated pig fat
(P =0.031), both of which were classified as (1) none. For pork odor of skatole, boar meat had
a higher score than immunocastrated pig meat (P = 0.045), and boar meat was classified as (2)

extremely weak, whereas immunocastrated pig meat was classified as (1) none. For skatole
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flavor in pork, there was no difference between meat of both treatments (P = 0.575); both were
classified as (1) none.

Boars showed higher scores for fat and pork odor of skatole than immunocastrated pigs,
and the scores were not classified as strong (5), very strong (6), or extremely strong (7) (Figure
4). This can be explained by skatole levels in boars that were below cut-off levels (>0.20 ug/g)
(Squires and Bonneau, 2014). Androstenone odor in the boar fat had a higher score (P < 0.001)
and were more often classified as (3) very weak than that of immunocastrated pig fat, which
was classified as (2) extremely weak (Figure 4). Androstenone odor in boar meat was higher
than that in immunocastrated pork (P = 0.039), but both were classified as (2) extremely weak.
For the meat flavor of androstenone, there was no difference (P = 0.745) between the two
treatments, and both were classified as (2) extremely weak.

The results of this study agree with the results of Font-i-Furnols et al. (2009) who found
higher scores from trained panelists for meat flavor and odor for androstenone and skatole in
boars than in immunocastrated pigs. According to Pauly et al. (2010), the taste and smell of
pork from boars are less acceptable than those of immunocastrated male pork. Although
differences were found in the pork boar taint flavor, there was no difference between both
treatments in general or skatole or androstenone pork flavors. This may have occurred because
the boar taint flavor can be related to the level of androstenone and skatole compounds relative
to that of other compounds, including androstenols, indole, and 4-phenyl-3-buten-2-one
(Squires and Bonneau, 2014).

Jeong et al. (2011) conducted sensory analysis with trained panelists and found no
differences in the flavor or odor of meat from boars and immunocastrated males. Studies
conducted with pork consumers (untrained tasters) also found no differences in odor or flavor
between treatments (Channon et al., 2018; Moore et al., 2017). In this study, the consumers

(untrained tasters) in the meat general evaluation (odor and flavor) classified the meat of boars
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and immunocastrated pigs as (3) good. Precisely, they showed no rejection of odor or flavor
because of the presence of boar taint. This result shows that Brazilian consumers may accept
boar meat. However, the sensory panels in the evaluation of meat general odor and flavor of
boars classified the meat of boars and immunocastrated pigs as (4) indifferent.

The differences between studies may be attributed to the composition of the panelists
(tasters) (Moore et al., 2017). This divergence can be explained because trained panelists have
enhanced perception skills, as they are well prepared and tend to be extremely accurate in the
perception of odor and flavor. According to Aluwé et al. (2012), informing tasters about the
possible presence of boar taint can improve their sensory perception. Additionally, the
acceptability of pork also depends on factors such as gender, age, and consumer culture in

different countries (Yamsakul et al., 2017).

4. Conclusion

Immunocastration has been confirmed to be effective and to decrease the size of
reproductive organs. Boars showed better performance characteristics than immunocastrated
pigs. There were no reproductive status effects on stress indicators or lipid oxidation. Boars
showed the highest meat moisture content, which may positively affect meat quality. The fatty
acid profile of boars showed positive results from a nutritional point of view. The highest levels
of skatole, as well as the highest scores in sensory evaluation occurred for boar meat samples;
however, there were no classifications reflecting meat rejection. Therefore, this study provides
evidence that there are established differences between the reproductive status of male pigs, but
these differences do not compromise the quality and acceptability of boar meat. However, to
enable the production and consumption of boar meat in Brazil, these results need to be further

explored.
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Table 1. Nutritional composition and energy percentage of rations provided to boars and

immunocastrated male pigs in the finishing period.

Composition (%)

Finishing phase |

Finishing phase 11

Grain corn

Soybean meal

Vitamin mineral core
Dicalcium phosphate
Salt

Soy oil

L-Lysine HCL
DL-Methionine
L-Threonine
L-Tryptophan

Adsorbent

Total (%)

Calculated values
Metabolizable energy (Kcal/kg)
Crude protein (%)
Calcium (%)

Available phosphor (%)
Digestive lysine (%)
Digestive methionine (%)
Methionine + total cystine (%)
Digestive threonine (%)
Digestive tryptophan (%)
Potassium

Sodium (%)

70.43
22.30
3.00
1.17
0.36
1.81
0.38
0.15
0.14
0.02
0.25
100

3.23
16.20
1.10
0.31
1.00
0.37
0.37
0.67
0.18
0.61
0.23

74.32
18.12
3.00
0.93
0.30
0.67
0.89
0.29
0.39
0.12

100

3.23
15.53
1.05
0.25
0.83
0.40
0.50
0.55
0.15
0.41
0.15

Minimum guaranteed levels per kg of ration, including 30 kg/ton of Nucleus for pigs Advanced Sui 2018 Finishing period: maximum of

calcium 270 g/kg, and fluorine 2,000 mg/kg, and minimum of folic acid 10 mg/kg; pantothenic acid 208.90 mg/kg; biotin 0.47mg/kg; calcium

230 g/kg; cobalt 5.25 mg/kg; copper 450 mg/kg; iron 1.345 mg/kg; phytase 16,670 ftu/kg; phosphorus 18 g/kg; iodine 42 mg/kg; manganese

1.200 mg/kg; niacin 501.33 mg/kg; selenium 9.30 mg/kg; sodium 72 g/kg; vitamin A 109,670 1U/kg; vitamin B1 15.5 mg/kg; vitamin B12

611 mcg/kg; vitamin B2 62.04 mg/kg; vitamin B6 15.67 mg/kg; vitamin D3 28. 000 1U/kg; vitamin E 125 [U/kg; vitamin K 62.67 mg/kg; zinc

2,250 mg/kg; zinc bacitracin 1,833.33 mg/kg.
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Table 2. Reproductive organs of boars and immunocastrated male pigs after slaughter.

Variable Boars Immunocastrated P
Mean SE Mean SE value?
Testicular width (cm) 7.30 0.12 6.01 0.40 0.004
Testicular weight (g) 0.65 0.02 0.28 0.01 <0.001
Epididymis weight (g) 0.12 0.00 0.07 0.01 <0.001
Bulbourethral gland weight (g)  0.03 0.00 0.03 0.00 0.717

2 Significance at 5% probability (P < 0.05).
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Table 3. Performance of boars and immunocastrated male pigs in finishing period.

Variable Boars Immunocastrated P
Mean SE Mean SE value®

Weight (kg)

Finishing phase I 73.07 1.31 73.20 1.07 0.937

Finishing phase 11 102.55 1.59 103.85 1.46 0.550

Total finishing period 124.90 2.06 128.34 1.66 0.201

Daily weight gain (kg)

Finishing phase I 1.05 0.04 1.09 0.03 0.378
Finishing phase 11 1.12 0.05 1.22 0.04 0.102
Total finishing period 1.08 0.04 1.15 0.03 0.130

Daily feed intake (kg)

Finishing phase I 241 0.09 2.63 0.06 0.063
Finishing phase 11 3.47 0.15 4.52 0.08 <0.001
Total finishing period 2.77 0.17 3.13 0.15 0.126

Feed conversion

Finishing phase I 2.31 0.07 2.39 0.05 0.363
Finishing phase 11 3.15 0.06 3.70 0.11 <0.001
Total finishing period 2.69 0.06 2.82 0.07 0.173

2 Significance at 5% probability (P < 0.05).



78

Table 4. Stress indicators, boar taint compounds, meat chemical composition of boars and

immunocastrated male pigs.

Variable Boars Immunocastrated "

value?
Mean SE Mean SE

Stress indicators

Carcass lesions 1.85 0.17 1.40 0.11 0.031

Cortisol (ng/dL) 7.28 0.70 6.67 0.63 0.530

R-value 1.09 0.04 1.11 0.03 0.670

Boar taint compounds

Skatole (ug/g) 0.13 0.02 0.04 0.00 <0.001

Indole (ug/q) 0.09 0.01 0.09 0.01 0.917

Meat chemical composition

Moisture (%) 74.53 0.18 73.16 0.34 <0.001

Protein (%) 22.80 0.21 23.88 0.46 0.038

Fat (%) 1.14 0.15 1.59 0.14  0.039

Ash (%) 1.06 0.01 1.01 0.03  0.110

Fat:protein ratio 0.05 0.01 0.07 0.01 0.068

2 Significance at 5% probability (P < 0.05).
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Table 5. Fatty acids profile and lipid oxidation in longissimus thoracis et lumborum of boars

and immunocastrated male pigs.

Variable Boars Immunocastrated P
Mean SE Mean SE value?
Saturated fatty acids (%)
C10:0, capric acid 0.03 0.01 0.04 0.01 0.388
C12:0, lauric acid 0.00 0.00 0.03 0.01  0.003
C14:0, myristic acid 1.69 0.78 1.09 0.09 0.471
C16:0, palmitic acid 19.83 1.18 23.45 0.85 0.019
C17:0, agaric acid 0.39 0.04 0.37 0.03 0.778
C18:0, stearic acid 11.85 0.54 12.71 0.67  0.320
C20:0, arachidic acid 0.07 0.02 0.11 0.03 0.231
Monounsaturated fatty acids (%)
C16:1 n-7, palmitolenic acid 0.26 0.16 0.31 0.17 0.843
C16:1 n-9, 7-hexadecenoic acid 1.60 0.24 1.96 0.27 0.321
C17:1 n-9, 8-hexadecenoic acid 0.20 0.04 0.19 0.03 0.868
C18:1 n-9, oleic acid 36.10 1.46 38.22 1.98  0.392
C20:1 n-9, gondoic acid 0.42 0.09 0.60 0.11 0.211
Polyunsaturated fatty acids (%)
C18:2 n-6, linoleic acid 16.43 0.74 14.26 0.82 0.057
C18:3 n-3, a-linolenic acid 0.57 0.07 0.80 0.17  0.220
C20:2 n-6, 11,14-eicosadienic acid 0.57 0.07 0.83 0.24  0.287
C20:3 n-6, dihomo-y-linolenic acid 0.59 0.12 0.22 0.03  0.006
C20:4 n-6, arachidonic acid 3.70 0.55 2.39 0.27 0.043
C20:3 n-3, 11,14,17-eicosatrienoic acid 0.32 0.10 0.22 0.13 0.555
C20:5 n-3, timnodonic acid 1.43 1.21 0.01 0.01 0.263
C22:4 n-6, adrenic acid 1.96 0.67 0.95 0.14 0.155
C22:5 n-3, clupanodonic acid 0.52 0.21 0.27 0.12 0.335
C22:6 n-3, cervonic acid 1.47 0.36 0.94 0.16 0.193
Total fatty acids
Saturated - SFA (%) 33.85 0.91 37.82 1.46  0.025
Unsaturated - UFA (%) 66.15 0.91 62.18 1.46  0.025
Monounsaturated - MUFA (%) 38.59 1.64 41.28 1.88 0.287
Polyunsaturated - PUFA (%) 27.56 2.32 20.90 140 0.021
Omega 3 — N3 (%) 4.31 1.32 2.24 0.30 0.145
Omega 6 — N6 (%) 23.25 1.77 18.66 1.18  0.040
N6:N3 ratio 11.70 3.16 9.54 0.67 0.518
PUFA:SFA ratio 0.86 0.10 0.57 0.05 0.018
Lipid oxidation
TBARS (mg MDA/KQ) 0.44 0.03 0.40 0.03  0.489

& Significance at 5% probability (P < 0.05).
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Figure 1. Weekly assessment of testicular width in boars and immunocastrated male pigs on

farm. Average differences in each week are indicated by * and *** for P <0.05 and P < 0.001,

respectively.
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Figure 2. Untrained tasters’ percentage in each general score, odor and taste, in the meat
sensory evaluation of boars and immunocastrated male pigs. Average differences in each score

are indicated by * for P < 0.05.



82

m Boars Immunocastrated

***k **

Score
N

w

Fat odor Pork odor Pork flavor

General odor and flavor

Figure 3. General fat and pork odor and pork flavor in sensory evaluation of sensory panels.
Average differences in each sensory parameter are indicated by ** and *** for P < 0.01 and P
< 0.001, respectively. Score: (1) extremely good, (2) very good, (3) good (4) indifferen