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TERTO, Daniela Kaizer. Influéncia dos métodos de insensibilizacdo e do eugenol
no bem-estar animal de tildpia (Oreochromis niloticus). 2020. 57 f. Dissertacao
(Mestrado em Ciéncia Animal) — Universidade Estadual de Londrina, Londrina, 2021.

RESUMO

O método de insensibilizacdo a ser empregado no manejo pré-abate de animais &
importante porque além de garantir o bem-estar, exerce influéncia nas caracteristicas
sensoriais, nutritivas e consequentemente no tempo de vida util deste alimento. Assim,
este estudo teve como objetivo avaliar o efeito dos métodos de insensibilizacdo por
eletronarcose, seccdo medular e termonarcose, com a utilizacdo ou ndo de um
anestésico natural, o eugenol, no bem-estar animal da til4pia do Nilo (Oreochromis
niloticus). Foram utilizadas 150 tilapias linhagem premium divididos em seis
tratamentos, sendo 25 animais para cada tratamento. O delineamento foi
completamente casualizado em esquema fatorial 3x2 (trés métodos de
insensibilizacdo e uso ou ndo de eugenol). Para verificacdo da eficacia dos métodos
foram avaliadas respostas comportamentais de natacdo, equilibrio, resposta ao
estimulo e reflexo do vestibulo-ocular (VOR). Apés, coletou-se sangue para analises
de glicose e lactato. Os animais foram abatidos por seccédo dos arcos branquiais, em
seguida foram filetados e separada amostras para andlises de valor de R, glutationa
redutase e catalase. Os dados foram avaliados com o auxilio do programa software R
4.0.2 (R Core Team, 2020). O grupo de animais que foram anestesiados com eugenol
antes do atordoamento registou um maior nimero de animais atordoados do que no
grupo que nao foi tratado com o composto. Com base nas analises comportamentais,
O grupo sujeito a eletronarcose registou 0 maior nimero de animais nao
insensibilizados, o maior valor de lactato no grupo tratado com eugenol, o inicio mais
rapido do rigor mortis, maior concentracdo de glutationa, e maior atividade catalitica,
em comparacdo com os valores correspondentes nos outros grupos. O grupo
atordoado por seccdo medular apresentou niveis elevados de lactato para os animais
que nao foram tratados com eugenol, e o grupo atordoado por termonarcose
apresentou valores elevados de glicose, independentemente da utilizacao de eugenol.
A utilizacdo do eugenol foi eficaz na avaliacdo dos parametros comportamentais da
tilapia. No entanto, & semelhancga de estudos anteriores sobre a eficacia de métodos
atordoantes na reducdo do stress causado a estes animais, ndo observdmos a
auséncia completa de stress em nenhum dos métodos. A eletronarcose foi o0 método
gue atingiu o nivel mais elevado de stress. Recomenda-se estudos mais especificos
para os métodos de sec¢do medular e termonarcose, a fim de gerar menor tempo de
exposicao, respeitando sua fisiologia, reduzindo ao maximo o estresse ocasionado no
momento pré-abate.

Palavras-chave: eletronarcose; insensibilizacao; sec¢cdo medular; termonarcose.



TERTO, Daniela Kaizer. Influence of stunning methods and eugenol on the
welfare of tilapia (Oreochromis niloticus). 2020. 57 p. Dissertation (master’s in
animal science) - State University of Londrina, Londrina, 2021.

ABSTRACT

The stunning method to be used in the pre-slaughter handling of animals is important
because besides guaranteeing the well-being, it influences the sensory and nutritional
characteristics, and consequently the shelf life of the food. Thus, the objective of this
study was to evaluate the effects of stunning methods by electronarcosis, medullary
section, and thermonarcosis, with or without the use of a natural anesthetic, eugenol,
on the animal welfare in Nile tilapia (Oreochromis niloticus). A total of 150 tilapia of the
premium strain were used, divided into six treatments, with 25 animals for each
treatment. The design was completely randomized in a 3x2 factorial scheme (three
stunning methods and the use or not of eugenol). To verify the efficacy of the methods,
behavioral responses of swimming, balance, response to stimulus, and vestibulo-
ocular reflex (VOR) were evaluated. Afterwards, blood was collected for glucose and
lactate analyses. The animals were slaughtered by sectioning the gill arches, then
filleted and samples were separated for R-value, glutathione reductase, and catalase
analyses. Data were evaluated using the software program R 4.0.2 (R Core Team,
2020). The group of animals that were anesthetized with eugenol prior to stunning
recorded a higher number of stunned animals than in the group that was not treated
with the compound. Based on the behavioral analyses, the group subjected to
electronarcosis recorded the highest number of unstunned animals, the highest lactate
value in the eugenol-treated group, the fastest onset of rigor mortis, higher glutathione
concentration, and higher catalase activity, compared to the corresponding values in
the other groups. The group stunned by medullary section showed elevated lactate
levels for the animals that were not treated with eugenol, and the group stunned by
thermonarcosis showed elevated glucose values, regardless of the use of eugenol.
The use of eugenol was effective in assessing the behavioral parameters of tilapia.
However, similar to previous studies on the effectiveness of stunning methods in
reducing the stress caused to these animals, we did not observe complete absence of
stress in any of the methods. Electronarcosis was the method that achieved the highest
level of stress. More specific studies are recommended for the methods of medullary
section and thermonarcosis, in order to generate less exposure time, respecting their
physiology, reducing as much as possible the stress caused in the pre-slaughter
moment.

Key-words: eletronarcosis; stunning; medullar section; thermonarcosis.
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1 INTRODUCAO

A piscicultura esta cada vez mais se destacando dentre todas as culturas
de producao animal. No ano de 2019 a producao brasileira avancou em 4,9%
comparada com o ano anterior, produzindo 758.006 toneladas de peixes. Deste
montante, a tilapia € a espécie que mais se destaca, representando 57% da
piscicultura nacional. O Brasil ocupa a quarta posicao no ranking mundial de
producdo de tildpias com 423.149 toneladas, perdendo apenas para China (1,93
milhGes de toneladas) que lidera essa colocacao, seguida da Indonésia (1,35
milhdes de toneladas) e do Egito, com 900 mil toneladas. O Parana por sua vez,
lidera a posicao nacional, onde, em 2019 sua producéo foi equivalente a 146.212
toneladas (PeixeBR, 2020).

Apesar dessa vasta produtividade, essa atividade ainda necessita passar
por alguns obstaculos para se consolidar e atingir seu maximo potencial. Um
fator que precisa ser aprimorado € o momento que antecede o abate desses
animais, pensando no seu bem-estar e consequentemente na qualidade da
carne dos pescados (RIBAS et al., 2007). Comparado aos demais animais de
criacdo zootécnica, ainda ndo existem normativas especificas que priorizam o
bem-estar e a qualidade da carne dos peixes durante o0 processo de
insensibilizacdo e abate. Sendo assim, na piscicultura, essa pratica normalmente
€ escolhida conforme a facilidade de execucdo e a reducdo de custos
(PEDRAZZANI, 2007).

Entretanto, para a Organizacdo Mundial de Saude Animal (OIE) e a
Autoridade Europeia para a Seguranca de Alimentos (EFSA), essa atividade ja
€ uma preocupacao eminente, de forma que passaram a incluir peixes em suas
diretivas e recomendacdes sobre o bem-estar dos animais, a nivel mundial ou
de Unido Européia sobre como manejar, atordoar e abater peixes na aquicultura
(EFSA, 2009; OIE, 2018).

Segundo Freire e Goncalves (2013) e Roob (2000) os métodos de abate
podem influenciar na preservacao das caracteristicas do alimento. A auséncia
da insensibilizacdo pode fazer com que o animal se agite incansavelmente
fazendo com que as reservas de energia sejam diminuidas rapidamente gerando
o acumulo de acido latico, favorecendo a acdo de enzimas proteoliticas, além,

de interferirem diretamente na qualidade do produto.
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Uma alternativa para o manejo pré-abate, comumente utilizada para fins
de manejo, como transporte ou imobilidade para vacinagao e cirurgia, seria a
utilizacdo de anestésicos. Esse procedimento objetiva sedar levemente os
animais aquaticos, de maneira reversivel, deprimindo seu sistema nervoso
central e periférico (JAVAHERY et al., 2012). Vérios anestésicos estédo
disponiveis para peixes atualmente. Entre os mais utilizados esta o eugenol,
composto derivado do 6leo de cravo, que possui maior eficiéncia em uma
variedade de temperaturas, disponibilidade e baixo custo, além de garantir maior
seguranca para os peixes e para os manipuladores (JAVAHERY et al., 2012).

Sendo assim, este estudo teve como objetivo avaliar o efeito dos métodos
de insensibilizacdo por eletronarcose, golpe percussivo, seccdo medular e
termonarcose comparando com a utilizacdo ou ndo de um anestésico natural, o
eugenol, no bem-estar e na qualidade de carne da tilapia do Nilo (Oreochromis

niloticus).
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Avaliar os efeitos dos métodos de insensibilizacdo por eletronarcose,

seccdo medular e termonarcose associados a utlizagdo ou ndo de um

anestésico natural (eugenol) sobre o bem-estar animal de tilapias.

2.2 OBJETIVOS ESPECIFICOS

» Analisar a eficacia dos métodos de insensibilizacdo e do eugenol;
= Mensurar niveis de indicadores de estresse no plasma sanguineo;
= Mensurar influéncia dos métodos de insensibilizacdo e eugenol na

atividade das enzimas antioxidantes no filé;



62

63

64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93

17

3 REVISAO DE LITERATURA

3.1 TILAPICULTURA

Alguns registros histéricos mostram que a tilpia ja era cultivada pelos
egipcios cerca de 4.000 anos a.C., tendo como origem o continente africano,
mais especificamente o rio Nilo e o lago Vitéria. De acordo com a historiografia
da piscicultura mundial, a tilapia detém aproximadamente 70 espécies e
subespécies distribuidas nos géneros: Petrotilapia, Tilapia, Sarotherodon e
Oreochromis (ANIMAL BUSINESS, 2019).

Devido a sua alta adaptabilidade e aclimatacéo se expandiu por todos os
continentes, chegando no Brasil em 1950, onde foi trazida experimentalmente,
por uma hidroelétrica de Sao Paulo, a variedade Tilapia rendalli. Apenas em
1996, que de fato chegou a Oreochromis niloticus, geneticamente melhorada, e
adaptada ao clima do nosso pais. Onde durante o passar dos anos ganhou seu
espaco e nenhuma outra espécie conseguiu acompanhar sua alta produtividade.
Apo6s 50 anos houve outra importacdo da tilapia do Nilo (Oreochromis sp), com
0 intuito de peixamento dos grandes acudes da regido do Nordeste. (ANIMAL
BUSINESS, 2019).

Segundo a Peixe-BR, estima-se que nos proximos dez anos a busca por
peixes de cultivo aumente, tanto no mercado interno, quanto externo, tendo a
tilapia como seu carro chefe, pois € ela quem lidera o ranking mundial de peixes
de cultivo (PeixeBR, 2019). O que pode ser explicado devido a sua
adaptabilidade ao clima, rusticidade da espécie, aceitacdo de diferentes
sistemas de producédo, grande demanda do produto, bons resultados na criacéo
intensiva, além de versatilidade na culinaria (EMBRAPA, 2017).

Em relacdo a producdo mundial dessa espécie, a China ocupa o primeiro
lugar, produzindo 1,93 milhdo de toneladas em 2019, em seguida temos a
Indonésia com 1,35 milh&o de tonelada, o Egito com 900.000 toneladas, e o
Brasil ocupando a quarta colocacdo produzindo 432.149 toneladas. Estima-se
gue a producao nacional em 2020 seja de 460 mil toneladas (PeixeBR, 2020).

A tilapia esta presente em todas as regides do Brasil, sendo o Parana seu
maior produtor, no qual em 2019 produziu 146.212 toneladas. Essa posigéo foi

alcancada por meio de consistentes investimentos realizados pela agroindustria
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paranaense, além de infraestrutura funcional, boa logistica e foco em produtos
de alto valor agregado. S&o Paulo ocupa a segunda posicdo com 64.900
toneladas, Santa Catarina 38.550 toneladas, Minas Gerais 36.350 e
Pernambuco 25.421 toneladas (PeixeBR, 2020). Em 2019, a tilapia também foi
0 peixe de cultivo mais exportado do Brasil, exportando pouco mais de 5.000
toneladas, em termos de volume, comparando com o ano de 2018 houve um
aumento de 19% (PeixeBR, 2020).

3.2 METODOS DE INSENSIBILIZAGAO

A insensibilizacdo antes do processo de abate € importante, pois, reduz o
sofrimento do animal por um longo periodo, uma vez que reduz o medo e a dor.
Além disso, quando o animal passa por um processo que preconiza seu bem-
estar, consequentemente ha uma melhora na qualidade do produto final,
evitando por exemplo que as reacdes bioquimicas do rigor mortis sejam iniciadas
rapidamente (LINES et al., 2003).

O processo de abate para peixes deve ser realizado em duas fases. Na
primeira, os animais séo insensibilizados e na segunda, sacrificados (o que pode
ser realizado por diferentes métodos). Esses processos podem ser realizados
juntos ou separadamente. Porém, o tempo de atordoamento até a morte, deve
ser o menor possivel, de forma que o animal ndo readquira a consciéncia (LINES
et al., 2003).

Segundo Caggiano (2002), um abate dever ser rapido, facil e higiénico,
de forma que cause menor prejuizo possivel a integridade do animal e da carne.
Baseando-se em estudos anatdmicos, fisioldégicos e comportamentais, notou-se
gue os peixes sao muito similares as aves e mamiferos, evidenciando assim, sua
capacidade em sentir medo e dor. Faze -se necessario entdo, normativas que
aspiram o bem-estar desses animais no momento do seu sacrificio (LAMBOOIJ
et al., 2002; LAMBOOIJ et al., 2006).

Ainda ndo existe nenhuma normativa que rege sobre a insensibilizacdo e
abate desses animais. No Brasil, nem a portaria n°® 3 de 17 de janeiro de 2000 e
nem a consulta publica portaria n® 62, de 10 de maio de 2018, que fazem mencéo
sobre o regulamento técnico de manejo pré-abate e abate humanitario néo

incluem peixes e/ou pescados nas suas diretrizes (BRASIL, 2000; BRASIL,
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2018). De forma que a escolha do método utilizado para insensibilizar e abater
esses animais € definida conforme seu custo e facilidade de implementacdo na
linha de abate (PEDRAZZANI et al., 2007).

Uma das poucas recomendacdes disponiveis, € o Cddigo de Animais
Aquaéticos, criado pela Organizacao Mundial de Saude Animal (OIE), e adaptado
pelo MAPA (Ministério de Agricultura Pecuaria e Abastecimento), que
preocupada com o bem-estar desses animais passou a incluir peixes em suas
diretivas e recomendacdes a nivel mundial, estabelecendo orientacdes
principalmente sobre o transporte, insensibilizacdo e abate (OIE, 2018).
Entretanto, ndo h4 nenhuma orientacdo especifica de atordoamento e abate
para espécies, tamanho, peso ou idade. Sua Unica indicacdo é que os métodos
mecanicos e elétricos podem ser utilizados tanto para insensibilizagdo, quanto
para o abate, enquanto os métodos de resfriamento com gelo, asfixia por didxido
de carbono, banhos de sal ou aménia sé@o considerados apenas como formas de
abate direto, sem insensibilizacdo préevia. (OIE, 2018).

De acordo com Viegas et al., (2012), os métodos mais utilizados no Brasil,
tais como termonarcose, eletronarcose e asfixia ndo sado considerados como
humanitarios, pois provocam sofrimentos desnecessario, estresse e acabam
minimizando a qualidade do produto durante o armazenamento. Para Wolffrom
e Santos (2014), apenas a insensibilizacdo por sec¢cdo medular, pode ser uma
alternativa de abate humanitario. Porém, mais estudos sdo necessarios para
especificar qual melhor método de insensibilizacdo para determinada espécie de

peixe, preconizando o bem-estar e qualidade do produto.

3.2.1 Eletronarcose

O atordoamento elétrico se baseia principalmente em passar uma
corrente elétrica na agua ou diretamente no corpo do animal, até perder a
consciéncia completa (VAN DE VIS et al., 2003). Segundo Nordgreen et al.
(2008) a insensibilizacdo através da eletronarcose pode ser considerado um
método humanitario no fluxograma de abate, devido ao fato de ser um método
rapido e causar, aparentemente, menor sofrimento em relacdo as demais
técnicas. Além de ter como vantagem a manipulagdo conjunta de grandes lotes
de peixes (EFSA, 2009).

No entanto, ndo existem muitos estudos que indiguem um padréo para as
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variaveis de voltagem, de intensidade da corrente e de tempo de exposi¢éo para
cada espécie de peixe (NORDGREEN et al., 2008). Desta forma, sao
necessarios mais estudos que comprovem a sua eficacia, a fim de prevenir o
estresse ao animal, além de alguns efeitos indesejaveis no masculo, ruptura de
0sso0s e hemorragias que podem ocorrer durante a préatica de insensibilizacdo
(KNOWLES et al., 2008).

3.2.2 Seccao Medular

Esta préatica de insensibilizagdo consiste em introduzir uma faca, uni ou
bilateral, bem afiada, por um dos opérculos do peixe, até atingir a medula
espinhal (PEDRAZZANI et al.,, 2007). Para Wolffrom e Santos (2014), a
insensibilizacdo por seccdo de medula, pode ser uma alternativa de abate
humanitario, pois se for aplicada com precisdo, a técnica leva o peixe a
inconsciéncia imediata. Estudos feitos por pesquisadores da Universidade
Federal do Parana, concluiram que o método de seccdo de medula causou a
inconsciéncia de tilapia do Nilo com 82 segundos em média, enquanto o choque
térmico demorou 750 segundos (PEDRAZZANI et al., 2007).

Do ponto de vista do bem-estar animal, quando comparado a secc¢ao
medular com a decapitacdo, a primeira técnica € considerada preferivel, pois
envolve menor quantidade de lesdo tecidual (WOLFFROM; SANTOS, 2014).
Segundo Pedrazzani et al. (2007), este método provoca maior insensibilidade a
dor no animal, além de atingir rigor completo entre 8 e 11 horas, mantendo assim

os padrbes de qualidade das proteinas do pescado.

3.2.3 Termonarcose

E um dos métodos mais utilizados, que consiste na imersdo do peixe
(clima tropical) em agua gelada (ASHLEY, 2007) a uma temperatura de cerca de
1 °C. A hipotermia causa insensibilizacdo nos animais, o que acaba sendo
utilizado em trabalhos que avaliam tanto questdes de bem-estar dos peixes,
guanto sua relacdo com a qualidade do produto (LAMBOOIJ et al., 2002).

No entanto, esta préatica pode oscilar muito na quantidade de tempo ideal
até deixar os peixes inconscientes (LYMBERY, 2002). Mantendo 0s peixes vivos
por horas, por serem pecilotérmicos, ocasionando exaustdo dos mesmos

(HASTEIN et al., 2005). Portanto, o choque térmico é um método questionavel
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do ponto de vista do bem-estar animal (ROBB et al., 2000; CONTE, 2004).

Lambooij et al. (2006) observaram que a adicdo de 4gua e gelo, com a
temperatura passando de 24 °C para 1 °C nos tanques de cultivo de bagre
africano (Clarias gariepinus) causou movimentos de fuga e aumento nos
batimentos cardiacos antes da insensibilizacdo, sendo, portanto, um método
estressor para esta espécie de peixe. Em climas quentes, quando os peixes sdo
imersos em agua e gelo o choque térmico pode causar imobilidade e aparente
insensibilidade (LINES et al., 2003).

3.2.4 Eugenol

Para evitar o estresse durante o manejo na aquicultura, como por exemplo
durante biometria, vacinacao, desova, coleta de sangue, transporte, quanto em
pesquisas, utilizam-se de anestésicos com o intuito de prevenir lesdes fisicas e
reducdo no metabolismo (MARICCHIOLO; GENOVESE, 2011 ; JAVAHERY et
al., 2012). O anestésico disperso na agua é absorvido pelas branquias, difunde-
se para 0 sangue e atinge o sistema nervoso central (SNC) (ROSS; ROSS,
2008). O efeito é geralmente avaliado pelo tempo de inducéo e recuperacdo da
anestesia, a resposta reflexa a estimulos externos e a capacidade de responder
a manipulacao (SMALL, 2003; ZAHL et al., 2012).

De acordo com o estudo de Ross e Ross (2008), os anestésicos gerais
causam depressao sistémica do sistema nervoso central devido aos seus efeitos
nos axonios nervosos, liberacdo do transmissor ou excitabilidade da membrana
ou uma combinacdo desses efeitos. O mecanismo de acédo dos anestésicos
inclui: (1) Estabilizar a propagacéo de impulsos nervosos em axdnios aferentes
e / ou eferentes, (2) Prevenir a liberacdo de neurotransmissores na membrana
pré-sinaptica e (3) Bloqueio competitivo de sitios receptores na membrana pos-
sinaptica.

O eugenol é um dos anestésicos mais utilizados na insensibilizacdo de
peixes, pois apresenta baixos riscos de toxicidade e mortalidade para o animal,
(ROUBACH et al., 2015), além do seu baixo custo e
abundéancia (MARICCHIOLO e GENOVESE, 2011; JAVAHERY et al., 2012).

Yousefi et al. (2019) afirmaram que os peixes tratados com linalol
apresentaram niveis de cortisol significativamente mais altos do que os tratados

com eugenol. Maricchiolo e Genovese (2011)ede Oliveira et
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al. (2019) relataram que eugenol ndo afetou os niveis de cortisol e glicose em
peixes; 0s niveis de cortisol foram inferiores ao controle em Carassius

auratus exposto a 6leo de cravo , conforme relatado por Le et al. (2019).

3.3 BEM- ESTAR ANIMAL E ABATE HUMANITARIO

O bem-estar dos peixes estd relacionado a falta de fome e sede,
desconfortos, dores, lesGes, medos e sofrimento mental, além de possuirem
liberdade para expressar seu comportamento normal (ASHLEY, 2007). A
literatura cientifica traz como base consensual de que peixes possuem a
capacidade de sofrer e estar em desconforto. Desta forma, se torna necessario
considerar o bem-estar desses animais em todas as condi¢cdes de cultivos
(BARCELLOS, 2004), principalmente no momento que antecede seu abate,
momento esse onde 0s animais S80 expostos a maiores estressores, cCOmo
despesca, carregamento, desembarque e o abate.

O medo, a dor e o0 estresse sdo fatores indesejaveis no momento do
abate, além de acelerarem as rea¢des bioquimicas e o processo de rigor mortis,
infigem o bem-estar animal (LOWE et al., 1993; POLI et al., 2005). Pensando
nisso, o Conselho de bem-estar dos Animais da Fazenda reconheceu a
necessidade do bem-estar de peixes cultivados (FAWC, 1996) e pediu para que
pesquisas fossem desenvolvidas, a fim de se obter métodos de abate
humanitario. Segundo Maff (1995), para ser considerado humanitario, no abate,
o animal deve ser induzido a insensibilidade imediatamente ou gradualmente,
nao passando por medo e/ou dor.

No entanto, o método de abate humanitario julgado como relativamente
simples, torna-se um desafio quando aplicado as condicBes de aquicultura.
Primeiro, a coleta de peixes € relatada apenas em grandes quantidades e,
portanto, todos os numeros sédo altamente especulativos. Outro problema é o
conhecimento limitado sobre como os peixes percebem e reagem a dor. Embora
saiba-se que o0s peixes possuem nociceptores (SNEDDON et al., 2003), sua
capacidade de manifestar as sensacfes de dor e sofrimento ainda é
intensamente debatida, tornando problematico estimar a gravidade de um

problema de bem-estar social (ROSE et al., 2014).
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3.3.1 Avaliagéo de insensibilizagdo

A definicdo de insensibilizagdo pode ser relacionada a qualquer processo
intencional que provoque a perda de consciéncia e sensibilidade sem dor,
incluindo qualquer processo que provoque morte instantanea (EFSA, 2009).
Podendo envolver métodos que tornem os peixes imediatamente inconscientes
ou que cause uma perda de consciéncia mais lenta e progressiva durante um
periodo, sem causar dor, angustia ou sofrimento. Além disso, € importante
ressaltar que os métodos de atordoamento devem ser cientificamente validados,
para que assim possam ser destinados como métodos de insensibilizacéo
(HUMANE SLAUGHTER ASSOCIATION, 2018).

Baseado em vérios estudos que avaliaram a insensibilizacdo em
mamiferos, aves e humanos, Kestin et al. (2002) desenvolveram e validaram
uma série de observagdes comportamentais para tentar avaliar o nivel de funcao
cerebral em peixes enquanto estdo anestesiados/insensibilizados. Esse
protocolo por sua vez, foi testado em diferentes espécies de peixes, onde se
observa comportamentos faceis de serem mensurados, produzidos e repetidos.
O protocolo permite avaliar comportamento autoiniciado, que inclue natacéo e
comportamento de endireitamento; respostas a estimulos, realizado com auxilio
de uma agulha, qual é espetada no labio e na cauda do peixe, e estimulacao
com 6 volts no labio; reflexos clinicos, reflexo vestibulo-ocular e movimento
opercular (respiracdo).

Segundo Pedrazzani et. al (2007), de 30 peixes insensibilizados por
seccdo medular, 11 perderam a consciéncia e sensibilidade imediatamente apés
a aplicacdo do método, enquanto para o método de termonarcose, todos 0s
animais permaneceram conscientes até a morte, segundo o protocolo de
avaliacdo de Kestin et al. (2002). Resultados semelhantes foram encontrados
para a perda de funcao cerebral em trutas arco-iris (Oncorhynchus mykiss), para
o bagre africano (Clarias gariepinus) e para enguias (Anguilla anguilla L.)

insensibilizadas e abatidas por choque térmico (EFSA, 2004).

3.3.2 Avaliagéo plasma sanguineo

As vias neuroenddcrinas do estresse em peixes sao muito semelhantes
as de outros vertebrados e possuem um sistema adrenérgico e um eixo
hipotalamo-hipdfise-inter-renal (HHI) (WENDELAAR-BONGA, 1997; WEBER,
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2011). A ativacdo do eixo HHI, em resposta a um estimulo nocivo (estressor),
leva a liberacdo de mediadores quimicos (catecolaminas e corticosteroides) na
corrente sanguinea (IWAMA et al. 1999; BARTON, 2002). As mudancas
fisiologicas que caracterizam a resposta ao estresse permitem que 0s animais
respondam de forma adaptativa ou compensatoria, desencadeando uma série
de mudancas fisioldgicas. Essas respostas se dividem em respostas primarias,
secundarias e terciarias (WENDELAAR-BONGA, 1997; IWAMA et al., 2004).

Na reacdo principal, a secrecdo de catecolaminas (epinefrina e
norepinefrina) e cortisol no plasma aumenta. O resultado da reacdo primaria
pode levar a reacbes secundarias - alteracbes metabdlicas que ajudam a
produzir energia adicional, como alteracdes na glicose sanguinea, acido lactico,
glicogénio hepéatico e muscular. As reagdes que afetam o equilibrio dos minerais,
como altera¢des nos niveis de cloreto, sodio, potassio, proteina energética e
osmolaridade plasmatica, também sdo respostas secundarias ao estresse.
Devido ao estresse de longo prazo e exaustéo fisiologica, a resposta terciaria
pode ter consequéncias de longo prazo, afetando negativamente a funcao
imunoldgica, exercicios, reproducdo, taxa de crescimento, comportamento e
sobrevivéncia (BARTON, 2002; WEBER, 2011).

Além do cortisol elevado, o estresse geralmente causa um aumento nos
niveis plasmaticos de glicose e lactato (reacdes secundarias). As alteracfes
nesses parametros metabdlicos podem ser causadas pelos processos de
glicogendlise e gliconeogénese mediados por catecolaminas e cortisol,
respectivamente (PANKHURST, 2011). O aumento dos corticosteroides
plasmaticos, além de regular o metabolismo dos carboidratos, também interfere
no metabolismo das proteinas e na atividade da aminotransferase (MOMMSEN
et al.,, 1999), indicando o papel funcional do cortisol no metabolismo
intermediario.

O estresse agudo, causado no manejo que antecede o abate é relatado
como causa de um rapido aumento do acido lactico muscular e plasmatico, bem
como uma diminuicdo do pH sanguineo e do contelddo de oxigénio.
Normalmente, essas alteracdes estéo relacionadas a liberacdo de uma grande
guantidade de catecolaminas nas células, seguida de ventilacdo, fluxo
sanguineo ramificado, trocas gasosas e rapido aumento dos niveis de glicose no
sangue (BARTON; IWAMA, 1991; BROWN, 1993;).
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3.3.3 Valorde R

Ao abater o animal, suas fungdes vitais ndo terminam no mesmo instante.
De forma que uma série de modifica¢cdes bioquimicas e estruturais ocorre
simultaneamente, conduzindo a conversdo do musculo em carne. Esta
conversdo, mais conhecida como rigor mortis, transforma o musculo que era
flexivel e elastico em um estado mais rigido e inextensivel, isso ocorre devido a
reducdo dos niveis de adenosina-5"-trifosfato (ATP) (RAMOS; GOMIDE, 2007).

O desenvolvimento do rigor mortis é altamente utilizado como indicador
de estresse, relacionado ao processo de acidificagéo causado pela producéo de
acido latico no tecido muscular durante o pré-abate (NAKAYAMA et al., 1992;
LOWE et al., 1993). O estresse ante mortem pode levar a uma situacado de
panico, medo e fuga, fazendo com que os peixes utilizem suas reservas
glicoliticas, consequentemente, diminuindo o tempo de rigor mortis, o que néo é
desejavel (VIEGAS et al., 2012).

Segundo Ramos e Gomide (2002), o valor de R € obtido através da divisao
das absorbancias de nucleotideos de adenina e derivados de inosina, onde essa
relacéo indica a queda do ATP (adenosina-5"-trifosfato) post-mortem. Desta
forma, & medida que o rigor se desenvolve, o valor de R aumenta, de forma que,
valores entre 1,05 e 1,10 correspondem ao inicio do rigor mortis, enquanto
valores entre 1,30 e 1,35 indicam estabelecimento do rigor.

Acerete (2009), testando trés métodos de abate (CO2, hipotermia e asfixia
em gelo), verificou que o estabelecimento do rigor foi semelhante para os trés
grupos. No entanto, o inicio de rigor em alguns animais do grupo de asfixia em
gelo comecou antes que do grupo de CO.. Isso pode estar relacionado a
movimentos bruscos e tentativas de fuga dos peixes, causando, portanto, maior
consumo de ATP (BAGNI et al., 2007).

3.3.4 Defesas Antioxidantes

O estresse oxidativo ocorre devido a superproducéo de espécies reativas
de oxigénio (EROs), desta forma a producdo de enzimas antioxidantes
aumentam, devido a maior concentracdo de EROs (LOWE, 2000). Sendo
extremamente reativa e nao especifica na natureza, as EROs geralmente

oxidam biomoléculas tais como DNA, proteinas, lipideos e hidratos de carbono,
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e assim, prejudicam as funcdes celulares normais (BIHARI et al., 2016). Durante
0 processo de oxidacdo envolvido na geracao de energia na cadeia de transporte
de elétrons, as EROs podem ser formadas no meio intracelular. As trés formas
principais de EROs séo: anion superoxido, peréxido de hidrogénio e radicais
hidroxila, que s&o formados a partir da etapa de reducéo univalente do oxigénio
molecular (BRAGA, 2012).

O sistema de defesa antioxidante contém enzimas e componentes ndo
enzimaticos. O enzimético inclui uma cascata de enzimas chamadas enzimas
antioxidantes. As enzimas antioxidantes sao onipresentes e altamente
conservadas em suas propriedades cataliticas, algumas delas existem em varias
formas. O primeiro membro dessa cascata é a superéxido dismutase (SOD), que
atua sobre o anion Oz, formando peréxido de hidrogénio e O2. O peroxido de
hidrogénio é neutralizado por duas enzimas, catalase (CAT) e glutationa
peroxidase (GPx) (BIHARI et al., 2016).

A catalase decompde H>O, em oxigénio e agua, enquanto a GPx reduz
H20 e hidroperoxidos organicos acoplando-os com a oxidagdo da glutationa
redutase (GSH). A glutationa redutase (GR) desempenha importante papel na
conversdo de glutationa oxidada a reduzida através da oxidacdo de NADPH.
Posteriormente, NADP é gerado a partir de NADPH pela enzima desidrogenase
da glicose-6-fosfato (G6PDH). A SOD, dependendo do seu grupo prostético,
pode ser de trés tipos; SOD-Fe (geralmente encontrada em bactérias), SODMn
(exclusivamente mitocondrial), e SOD Cu-Zn (encontrada no citoplasma celular)
(BIHARI et al., 2016).

A glutationa peroxidase tem varias isoenzimas, sendo sua principal funcéo
a eliminacdo do H202 nas células, enquanto a catalase possui maior importancia
na protecao contra o estresse oxidativo grave (BIHARI et al., 2016). O sistema
de defesa ndo enzimatico, compreende pequenas moléculas organicas como,
polifendis, acido ascorbico, tocoferol, carotenoides e glutationa redutase que
eliminam varias EROs (BIHARI et al., 2016).

O aumento do consumo de oxigénio provocado pelo estresse do peixe
antes do abate, pode ocasionar maior exposicdo a acdo de oxidantes causada
pelo aumento na formacdo de espécies reativas ao oxigénio (EROs) (LIMA;
ABDALLA, 2001), ou seja, a sucessao de estimulos que perturbam a condi¢éo

homeostatica do animal antes do abate, pode gerar maior propensao ao estresse
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oxidativo (FALOWO; FAYEMI; MUCHENJE, 2014) diminuindo a estabilidade
oxidativa da carne, além de reduzir sua qualidade nutricional e tempo de vida util
(SECCI et al., 2016).
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Abstract

As sentient beings, it is advisable to stun the fish prior to slaughter. Incidentally, with the
increasing productivity of tilapia, there is an increasing necessity to establish stunning methods
that will prioritize the welfare of these fish. There are still no laws that address this issue, and

the recommendations, including the one made by the World Organization for Animal Health, do
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not specifically mention the best stunning method for this species. The objective of our study
was to evaluate the efficacy of stunning methods, namely electronarcosis, medullary section,
and thermonarcosis, with or without anesthetization with eugenol, with respect to animal
welfare. We used 150 tilapia (Oreochromis niloticus) of premium strains divided into six
treatment groups, with 25 animals in each group. The experimental design was completely
randomized in a 3 x 2 factorial scheme (three stunning methods, with or without the use of
eugenol). To verify the efficacy of the methods, we evaluated behavioral responses, such as
swimming, balance, response to stimulus, and vestibulo-ocular reflex. Thereafter, we collected
blood for glucose and lactate analyses. The animals were slaughtered by sectioning the gill
arches, followed by filleting for determining the R-values (extent of rigor mortis), glutathione
reductase activity, and catalase activity. Incidentally, the group of animals that were
anesthetized with eugenol prior to stunning recorded a higher number of stunned animals than
in the group that was not treated with the compound. Based on the behavioral analyses, the
group subjected to electronarcosis recorded the highest number of non-insensitized animals, the
highest lactate value in the eugenol-treated group, faster onset of rigor mortis, higher
glutathione concentration, and higher catalase activity, as compared to the corresponding values
in the other groups. The group stunned by medullary section presented high lactate levels for the
animals that were not treated with eugenol, and the group stunned by thermonarcosis presented
high glucose values, irrespective of the use of eugenol. The use of the anesthetic eugenol was
effective in evaluating the behavioral parameters of tilapia. However, similar to previous studies
regarding the efficacy of stunning methods in reducing the stress caused to these animals, we
did not observe the complete absence of stress in any of the methods. Electronarcosis was the
method that achieved the highest level of stress. On the contrary, medullary section and
thermonarcosis achieved acceptable results with respect to some aspects of animal welfare

analyses.

Keywords: Animal welfare; Electronarcosis; Glutathione; Lactate; Medullary section;

Thermonarcosis.
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1. Introduction

Agquaculture has exhibited a steady and constant growth; however, there has been a
simultaneous rise in the concern for consumer health, ethical issues, animal welfare, and product
quality. Incidentally, aquatic animal welfare is a relatively new concept with limited knowledge
regarding the factors specific to aquatic animals (Hastein et al. 2005).

Welfare concepts are usually based on the feelings of animals. Hence, they have been
applied to animals that are considered capable of feeling fear, pain, and suffering, thereby
including species that have higher cognitive levels, as compared to those of fish (Ashley 2007).
Moreover, fish do not emit any sound when they are afraid or stressed, which, in turn leads to an
indifference on part of the humans (Maria Poli 2009). However, many studies have
demonstrated that fish are sentient beings (Sneddon 2009), that is, they are aware of subjective
sensations and feelings (Hastein et al. 2005). Chandroo et al. (2004) evaluated the behavioral
anatomy and physiology of fish and suggested that they are capable of cognition and can
experience as well as differentiate between positive and negative feelings (hunger, pain,
comfort, discomfort, pleasant, and unpleasant).

Scientific studies researching the anatomy, physiology, and behavior of fish in response
to analgesics suggest that they possess characteristics of conscious or motivational cognition of
affective states, and there may be convincing evidence that fish can feel fear, pain, and suffering
(Cotte 2012). In fact, natural anesthetics are used in fish farming to avoid stress to the animals
during handling, to prevent physical injury, and to reduce metabolism (Coyle et al. 2004).

Eugenol is one of the most widely used anesthetics in fish stunning because of its low
toxicity and mortality risks for the animal (Roubach et al. 2005). When applied in an adequate
concentration, it is absorbed by the gills. Thereafter, it quickly enters the bloodstream, reaches
the cortex of the brain, and inhibits it; ultimately, it acts on the basal ganglia, cerebellum, and
medulla to cause the anesthetic effect (Coyle et al. 2004). Hence, it can be suitably applied to
the fish just before their slaughter.

Fish slaughter is usually performed in two stages, namely stunning, i.e., making the fish
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insensible to pain, and Killing, and these two steps can be performed at one go or separately.
However, if there is a gap between stunning and killing, then the stunning should be sufficient
to prevent the recovery of consciousness until the animal is killed (Lines et al. 2003).

This study aimed to evaluate the effects of stunning by electronarcosis, medullary
section, and thermonarcosis with or without the use of a natural anesthetic, eugenol, with

respect to the animal welfare of Nile tilapia (Oreochromis niloticus).

2. Material and methods
2.1. Ethical statement
The experimental study design was approved by the Ethics Committee of the State

University of Londrina, under process number 9085.2018.32.

2.2. Place of study

The study animals were obtained from an excavated tank at Fazenda Sao José, located
in the municipality of Ibipora-PR, Brazil (latitude: 23°15'44.30 "'S, longitude: 50°59'54.84 "W),
and transported to the Frigorifico Pelisson Comércio de Peixes Eireli-ME, located in the same
property (140 m away). After arrival, they remained in the purification tank for 1 h to
reestablish their homeostasis, which might have been affected by the stress of loading, transport,
and unloading. This tank presented with an average water temperature of 28.8 °C, pH =7, and

dissolved oxygen of 25.5 mg L-1.

2.3. Experimental design

We used 150 tilapia (Oreochromis niloticus) fish of premium strain, with an average
weight of 900 £ 100 g and an average length of 35 £ 5 cm, for this study. The fish were divided
into three groups, according to stunning methods, namely electronarcosis, medullary section,
and thermonarcosis. Each group included 50 tilapia, of which 25 were eugenol-treated and 25
without eugenol treatment prior to stunning. Each stunning method was performed on a

different day. The fish were fasted for 12 h until slaughter. The experimental design was
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completely randomized in a 3 x 2 factorial scheme (three stunning methods, with or without the

utilization of eugenol).

2.4. Eugenol treatment

In a box containing 30 L of water, 100 mg L™ of eugenol diluted in 0.01% ethanol PA
was added, and each fish was kept in it for 3 min (Delbon and Paiva 2012). For each stunning
treatment, 25 tilapia were submitted to the eugenol-induced anesthetic process prior to the
stunning procedure. The aim was to investigate the efficacy of using eugenol in combination

with the stunning methods.

2.5. Stunning methods
2.5.1. Electronarcosis

The fish were transferred from the external depuration tank by belts to a tank containing
water (ionized with 0.03% salt), where they received a pre-stunning treatment of 40 V for 10 s.
Thereafter, they were relocated to another belt and taken to a compartment, where they were
hoisted with two hooks inserted in the operculum from the lower part of the compartment.
Subsequently, the fish were passed into a second tank, containing water ionized with 0.03% salt,

where they individually received a shock of 70 V for 10 s and were stunned.

2.5.2. Medullary section
This process was performed on individual fish by a properly trained collaborator, with
the help of a sharp knife introduced through one of the operculum and reaching the animal's

marrow, according to a previously described protocol (Pedrazzani et al. 2007).

2.5.3. Thermonarcosis
The animals were placed in a box containing 15 L of water and 15 kg of ice,

maintaining a temperature of 1 °C, for 15 min, as described by Robb and Kestin (2000).
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2.6. Evaluation of the effects of the stunning methods

Immediately after stunning, each fish was transferred to a plastic box containing 30 L of
water, which was sufficient to cover them. Subsequently, their behavioral parameters were
evaluated, according to the “Protocol for brain evaluation in fish and the effectiveness of
methods used for stunning and killing” by Kestin et al. (2002) with minor modifications. The
observed variables were divided into the following three categories: (1) self-initiated behavior
(swimming and balance), (2) response to stimulus (needle-prick in the tail), and (3) clinical
reflex (vestibulo-ocular reflex).

The first three variables, i.e., swimming, balancing, and response to needle-prick, were
tested in water. For testing the swimming ability, the fish were placed in water in the normal
position to check if they could swim normally. To determine the balance, the fish were
positioned inverse to their normal positions to verify their ability to return to the normal
position. Finally, they were subjected to a pin-prick on the tail to induce escape behavior.
Thereafter, the fish were taken out of water and subjected to rotational movements to verify the
functioning of their vestibulo-ocular reflexes. For each attribute, a score was stipulated, where 1

= insensitized and 2 = not insensitized (Figure 1).

2.7. Evaluation of blood plasma

Immediately after evaluation of the effects of stunning, the fish were removed from
water, one by one, and propped up on a bench for blood collection. We inserted a 0,8 x 30 mm
needle, attached to a 5 mL syringe, into the left lateral line of the fish near the caudal fin since it
is highly irrigated with blood vessels, which facilitates the process of blood collection. After
collection, the blood was transferred to 4 mL FisrtLab® vacuum tubes containing fluoride and
ethylenediamine tetraacetic acid (EDTA), indicated for glucose and lactate assessment.

The blood samples were centrifuged in a Centurion Scientific K3 Series centrifuge at
3,000 rpm for 10 min at 18 °C. Thereafter, only the plasma was collected and transferred to 2
mL eppendorf tubes, frozen to -20 °C, and stored until it had to be thawed for glucose and

lactate analyses. All these experiments were performed in the laboratory located in the



773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800

40

veterinary hospital of the State University of Londrina.

Plasma samples were evaluated by the Siemens/Dimension Gluc Ver Flex and
Dimension Lactic Acid method for glucose and lactate, respectively. All these analyses were
performed by the Siemens Dimension Xpand Plus device (Siemens Healthcare Diagnostics Inc.,

USA).

2.8. Extension of rigor mortis (R-value)

A 10 cm long muscle sample was resected from the caudal portion of the filet on the
right side, packed in an aluminum foil, stored in liquid nitrogen, and taken to the laboratory for
R-value analysis. The analysis was performed according to the methodology described by

Honikel and Fischer (1977).

2.9. Antioxidant defenses

For the antioxidant defense analyses, tissue samples were resected from the dorsal
region, more towards the center of the right filet, of each animal. These samples were placed in
2 mL eppendorf tubes and stored in a -80 °C freezer for further analysis. The analyses were
performed in the Laboratory of Animal Ecophysiology (LEFA) at the State University of

Londrina.

2.9.1. Protein
Antioxidant defenses were measured per mg of protein, where the protein analysis was

performed according to the Bradford (1976) protocol.

2.9.2. Catalase (CAT) activity

Catalase (CAT) activity was determined by the rate of H,O, decomposition in the
resected tissue samples. The decrease in the absorbance was determined at 240 nm, according to
a previously described protocol (Beutler 1975). The CAT activity was expressed as pmoL of

H.0, min-' mg of protein™.
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2.9.3. Glutathione (GSH) reductase activity

The amount of GSH in the tissue samples was determined according to the method
described by Beutler et al. (1963) in which the reaction between GSH and its substrate 5,5'-
dithiobis-2-nitrobenzoic acid (DTNB) to form thiolate (TNB) is quantified at 412 nm and

expressed as pg of GSH mg of protein™.

2.10. Statistical Analysis
2.10.1. Stunning test
Fisher’s analysis was performed to compare the results among the groups using R 4.0.2

software, and statistical significance was set at p < 0.05.

2.10.2. Factorial

The data were checked for normality of errors and homogeneity of variances using the
Shapiro-Wilk (p < 0.05) and Bartlett (p < 0.05) tests, respectively. Subsequently, these were
submitted to variance analysis, and the means were compared using Tukey's test (p < 0.05). The
statistical analyses were processed using R 4.0.2 software with the ExpDes package (R Core

Team 2020).

3. Results

We observed a higher number of stunned tilapia among the eugenol-treated groups, as
compared to that in the groups of fish that were not anesthetized with eugenol before the
stunning procedure. The results are demonstrated with respect to the four behavioral variables
(swimming, balance, response to stimulus, and vestibulo-ocular reflex) within each stunning
method (electronarcosis, medullary section, and thermonarcosis) (Table 1).

Incidentally, medullary section and thermonarcosis resulted in the highest number of

stunned tilapia, with and without anesthetic utilization. However, in the group of tilapia that
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underwent thermonarcosis without the use of eugenol, only 80% remain stunned when subjected
to the needle-prick test; this efficiency is lower as compared to that of the other groups.
Moreover, for the group of tilapia that underwent stunning by medullary section without the use
of eugenol, only 48% remain insensitized when tested for the vestibulo-ocular reflex (Table 1).

Incidentally, the electronarcotic treatment is not effective in stunning the tilapia that
were not treated with eugenol prior to the stunning procedure. As demonstrated by the results in
all four observed parameters, 88%, 92%, 100%, and 92% of these animals did not show
stunning behavior when subjected to the swimming test, balance test, needle-prick stimulus, and
vestibule-ocular reflex test, respectively (Table 1).

The plasma glucose levels are higher in the eugenol-treated tilapia, as compared to that
in the tilapia that were not anesthetized with eugenol, in case of the electronarcotic and
medullary section stunning treatments; however, there is no difference in the plasma glucose
levels for the tilapia subjected to thermonarcosis, with or without the use of eugenol (Table 2).
Moreover, for the tilapia that were not anesthetized with eugenol, thermonarcosis led to the
highest plasma glucose value (Table 2).

Among the eugenol-treated tilapia, the plasma lactate levels are highest in case of
electronarcotic stunning, while among tilapia that were not anesthetized by eugenol, plasma
lactate levels are highest in case of medullary section stunning (Table 2). Interestingly, lowest
lactate levels are observed in the tilapia stunned by thermonarcosis, and the values do not differ
between the fish that were or were not treated with eugenol (Table 2).

The R-value is the highest for the eugenol-treated fish stunned by electronarcosis, and it
differs from that of the fish subjected to electronarcosis without eugenol treatment (Table 2).
There is no difference in the R-values between the fish stunned by medullary section and
thermonarcosis with respect to the use of eugenol as well as the stunning method (Table 2).

The GSH concentration is the highest in the tilapia stunned by electronarcosis without
being anesthetized by eugenol, followed by that in the tilapia stunned by electronarcosis after
being treated with eugenol (Table 2). Incidentally, the fish subjected to stunning by

thermonarcosis and medullary section did not show any difference in GSH concentration with
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857  respect to the use of eugenol (Table 2).

858 With respect to CAT activity, there is no interaction between stunning methods and the
859  use of eugenol as an anesthetic. The tilapia subjected to electronarcosis exhibit the highest

860 catalase values, followed by the ones subjected to thermonarcosis and medullary section (Table
861  3). There is no difference between the groups, with or without the application of eugenol.

862

863 4. Discussion

864 In this study, we determined the efficiency of three different stunning methods

865  with/without the use of the anesthetic eugenol with respect to animal welfare during the

866  slaughtering process of Nile tilapia (Oreochromis niloticus). According to Becker et al. (2012),
867  the use of anesthetics and/or sedatives in water helps to reduce the stress occurring due to any
868  stimulus. This statement corroborates the results observed in the present study with respect to
869 the different stunning methods. In all three stunning procedures, there was a higher percentage
870  of stunned animals among the eugenol-treated group than in the group that did not use the

871  anesthetic prior to stunning.

872 Anesthesia is usually performed by immersing the fish in a bath containing a suitable
873  concentration of an anesthetic that gets absorbed through the gills and rapidly enters the

874  bloodstream. The drug initially inhibits the brain cortex, causing tactile loss in the animal,

875  followed by excitation of the basal ganglia and cerebellum, and finally reaches the spinal cord,
876  where anesthesia sets in (Coyle et al. 2004).

877 Incidentally, plasma glucose and lactate levels are good indicators of stress because the
878  changes in their concentrations are easily detectable (Sim6es and Gomes 2009). This study
879  demonstrates that subjecting the fish to stunning methods, with/without the use of eugenol,
880  causes stress to the animals. The glucose levels of the fish were above the normal range for
881 tilapia, i.e., 70.0 + 25.7 mg dL* (Moreira et al. 2015), irrespective of the stunning method or the
882  use of eugenol. With respect to lactate, only the fish subjected to thermonarcosis, both with and
883  without eugenol treatment, exhibited lactate levels within the normal parameters of tilapia, 1.3 +

884 0.1 mmol L™ (Moreira et al. 2015). On the contrary, electronarcosis and medullary section, with
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or without prior anesthetic treatment, led to above-average values for plasma lactate in the fish.

The application of a stressor results in the body's prompt preparation to overcome the
imposed challenge. The primary responses include perception of a change and initiation of
neuroendocrine responses, such as the rapid release of catecholamines and cortisol into the
bloodstream. In response to the secretion of these hormones, a set of physiological, biochemical,
and secondary structural reactions occurs as an attempt to increase the resistance and improve
the adaptation, according to the degree of severity or persistence of the stressor (Barton 2002).
An instance of such secondary response includes hyperglycemia, hepatic and muscular
hyperglycemia, and lactic acid accumulation, wherein the body requests extra energy to adapt to
an adverse condition (Barton 2002).

In the present study, we observed that the animals that were exposed to the stressor for a
longer time exhibited higher plasma glucose level than the ones that had a short-time exposure.
Result found in thermonarcosis stunning, which was based on 15 minutes of exposure.
Additionally, some of the animals were exposed to the anesthetic eugenol for 3 min prior to
stunning, thereby causing a greater exposure to the stressors.

Changes in the anaerobic metabolism caused by insufficient ventilation and impaired
gas exchange during periods of unconsciousness may lead to increased plasma lactate levels.
Moreover, muscle contractions that occur during the electronarcotic shocks exacerbate the
effects of reduced/no ventilation, thereby leading to increased lactic acid secretion (Trushenski
et al. 2012). This may be the probable reason for the highest plasma lactate levels in the
eugenol-treated fish subjected to electronarcosis.

Stunning by medullary section also led to high lactate levels in the fish. This may be
attributed to the animal’s exposure to air, which exacerbates the stress in the pre-slaughter
period and contributes significantly at least to a part of this result.

The R-value is characterized as a measure of the extent of rigor mortis, which appears
as a consequence of the first post-mortem biochemical changes. It can be influenced by extrinsic
factors, such as mode of capture, stocking temperature, and mainly the way in which the fish is

stunned and subsequently slaughtered (Almeida et al. 2005). High R-values signify the early
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establishment of rigor mortis, and this was noted in the animals stunned by electronarcosis in
this study, thereby corroborating the idea of greater stress caused by this method, as compared
to that in the other stunning methods. Since the stress caused in the pre-slaughter period leads to
the utilization of glycolytic reserves by the fish, thereby leaving the pH of the meat closer to
neutrality, accelerating the action of muscle enzymes (autohydrolysis), or development of
bacteria, there is less time for the establishment of rigor (Viégas et al. 2012). The R-values for
the fish subjected to electronarcosis, with and without eugenol treatment, are close to 1.30 —
1.35, which has been stipulated by Ramos and Gomide (2007) as a reference range for
establishing rigor mortis.

In the present study, we observed that the highest number of animals responding to
behavioral stimuli was in case of the fish stunned by electronarcosis, i.e., in comparison to the
fish stunned by medullary section and thermonarcosis, this group consisted of a higher number
of non-insensitized tilapia. Moreover, they exhibited a faster onset of rigor mortis, a higher
concentration of GSH, and a higher degree of catalase activity than that in the other fish groups.
The results of our analyses indicate that the fish subjected to electronarcosis experienced intense
stress conditions, wherein the electrical stimulation resulted in a fight-or-flight reaction that
intensified muscle activity (Erikson et al. 2016).

According to Winston and Di Giulio (1991), the tripeptide GSH and the CAT enzyme
are biomarkers of oxidative stress. Glutathione reductase is responsible for maintaining the
glutathione/glutathione disulfide (GSH/GSSG) ratio under stress conditions, and catalase is the
main antioxidant enzyme that constitutes the first line of defense against reactive oxygen
species (ROS) by converting H20, to H,O and O, (Pandey et al. 2003, Nikinmaa 2014).
Incidentally, GSH is one of the most important, intracellular, biological thiols because of its
ability of scavenging free radicals inside the cells. It functions directly as well as indirectly in
neutralizing ROS, thereby serving as the first line of antioxidant defense. Moreover, it
participates in conjugation with the enzymes of the oxidative stress pathway. In fact, it is
conjugated to other metabolites, in biotransformation reactions, via enzymes, such as

glutathione S-transferase (GST) (Lushchak 2016). The GSH has sulfhydryl (-SH) groups that
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are oxidized at disulfide bridges to form GSSG, which, in turn, is reduced by the action of the
enzyme glutathione reductase, to form GSH again. According to Halliwell and Gutteridge
(2007), the higher the activity of CAT, the worse is the cellular redox state, thereby indicating a
highly stressed condition of the fish, which leads to the greater need for this enzyme to acts
against the stressors. In this study, the fish subjected to electronarcosis exhibited the highest
levels for these two indicators of oxidative stress. The explanation for these high GSH levels
may be the same as that for CAT.

Interestingly, VVargas Baldi et al. (2018) had demonstrated that the electronarcotic
stunning method caused unconsciousness in the marine fish, Rachycentron canadum, in a
shorter period, as compared to the time taken in case of thermonarcosis and CO; narcosis.
Therefore, the authors considered electronarcosis to be the most effective method with respect
to the welfare of this animal.

These results demonstrate the importance of conducting animal stunning and welfare
studies with different fish species since the different characteristics, for example anatomical
variations, can provide different resistances to the same stunning method (LIonch et al. 2012).
Furthermore, apart from physiological parameters, the electrical parameters associated with the
equipment, such as amperage, voltage, and type of current (alternating or direct), along with the
animal’s exposure time, can also influence the efficacy of stunning these animals.

From an animal welfare point of view, thermonarcosis appears to be an inappropriate
stunning method because the poikilothermic fish tend to maintain their thermo-regulatory
processes, thereby leading to exhaustion and suffering before stunning (Hastein et al. 2005).
However, by reducing muscle temperature, it is possible to decrease the rate of the initial meat
degradation process as well as the autolytic reactions that begin after slaughter, thereby delaying
the onset and resolution of rigor mortis and postponing the meat spoilage process (Skjervold et
al. 2001).

Brijs et al. (2021) demonstrated that application of a single stunning method was not
able to completely prevent anxiety, pain, and suffering in the African catfish (Clarias

gariepinus). Hence, these authors suggest the sequential combination of different stunning
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methods as a promising alternative to improve the animal welfare conditions.

5. Conclusion

The use of the anesthetic eugenol was effective in evaluating the behavioral parameters
of tilapia that indicate complete stunning. However, the stress parameters of these animals
showed similar results to that observed in previous studies related to stunning methods, i.e.,
none of the methods was able to ensure complete stress avoidance during stunning. In
conclusion, electronarcosis was the method that obtained the highest stress level. The medullary
section and thermonarcosis demonstrated acceptable results with respect to some parameters of

animal welfare analyses.
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Figure 1: Protocol for observing self-initiated behavior, stimulus-response, and clinical reflex post-stunning.
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1138  Table 1: Frequency of insensitized (score 1) and non-insensitized (score 2) tilapia with respect to their swimming, balance, response to stimulus, and vestibulo-

1139  ocular reflex (VOR) behaviors in each of the three stunning methods, with and without the use of eugenol

Stunning Methods

Electronarcosis

Medullary Section

Thermonarcosis

Eugenol Eugenol Eugenol

Score Without With Without With Without With

1 3b 25a 24a 25a 24a 24a
Swimming
2 22a Ob 1b Ob 1b 1b
1 2b 25a 24a 25a 24a 24a
Balance
2 23a Ob 1b Ob 1b 1b
1 Oc 24a 23a 25a 20a 24a
Response to stimulus
2 25a 1b 2b Ob 5b 1b
1 2c 24a 12b 23a 24a 25a
VOR

2 23ab 1b 13b 2b 1c Oc

1140

1141  2-® Means followed by different lowercase letters in the same row differ from each other by Fisher's test at 5.0% probability (p < 0.05).
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Table 2: Mean values of biochemical variables [glucose, lactate, rigor mortis (R-value), and
glutathione (GSH) reductase] with respect to the interaction between the stunning method and

eugenol treatment in tilapia

Glucose (mg dL™)

Electronarcosis Medullary Section Thermonarcosis
Without Eugenol 85.96 + 2.54Bb 95.10 +1.87Bb 139.00 + 2.68Aa
With Eugenol 126.76 + 2.41Aa 133.80 £ 1.67Aa 126.88 + 3.29Aa

*p-value interaction: 0.00053

Lactate (mmol L™)

Electronarcosis Medullary Section Thermonarcosis
Without Eugenol 6.30 £ 0.10Bb 8.13 + 0.25Aa 1.31 £ 0.04Ac
With Eugenol 10.72 £ 0.12Aa 5.82 + 0.36Bb 0.82 £0.04Ac

*p-value interaction: 0.00064

R-Value
Electronarcosis Medullary Section Thermonarcosis
Without Eugenol 1.33+0.01Ba 0.86 £ 0.01Ab 0.92 £ 0.01Ab
With Eugenol 1.54 + 0.01Aa 0.84 £ 0.01Ab 0.94 £ 0.01Ab

*p-value interaction: 0.00037

Glutathione reductase activity (ng of GSH mg protein™)

Electronarcosis Medullary Section Thermonarcosis
Without Eugenol 12.43 £ 0.34Aa 5.29 £ 0.05Ac 7.31 £ 0.05Ab
With Eugenol 9.08 £ 0.21Ba 5.10 £ 0.05Ac 7.28 £ 0.07Ab

*p-value interaction: < 0.00011

a-b Means followed by different lowercase letters in the same row differ from each other. #B means
followed by different capital letters in the same column differ from each other by Tukey’s test at 5.0%
probability (p < 0.05).



1148  Table 3: Average catalase values in the tilapia with respect to the different stunning methods, with and without the use of eugenol
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Catalase (umoL H,O, min™ mg de protein™)

Stunning Methods Eugenol *P-value
Electronarcosis Medullary Thermonarcosis Stunning Eugenol Interaction
] Without With
Section Methods
0.61 £0.007a 0.26 +0.003c 0.35+0.01b 0.44 £0.005 | 0.42 +0.002 0.00 0.24 0.31

1149 a-b Means followed by different lowercase letters in the same row differ from each other by Tukey’s test at *5.0% probability (p < 0.05).
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5 CONSIDERACOES FINAIS

A seccdo medular e a termonarcose demonstraram resultados aceitaveis no
que diz respeito a alguns parametros de analises do bem-estar animal. Entretanto, a
eletronarcose foi 0 método que apresentou maiores niveis de estresse aos animais,
na maioria das analises. O eugenol foi eficaz ao avaliar os parametros
comportamentais, demonstrando insensibilizacéo total das tilapias.

De uma forma geral, nenhum método isolado foi completamente eficaz a fim de
evitar o estresse desses animais no momento que antecede o abate. Recomenda-se
estudos mais especificos para os metodos de sec¢cdo medular e termonarcose, a fim
de gerar menor tempo de exposicao, respeitando sua fisiologia, reduzindo ao maximo

0 estresse ocasionado no momento pré-abate.
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