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RESUMO

CITRAL COMO ADITIVO NA RACAO PARA PEIXES MARINHOS COM
DIFERENTES HABITOS ALIMENTARES: ENZIMAS DIGESTIVAS E
PARAMETROS ZOOTECNICOS E METABOLICOS

AUTORA: Bruna Tomazetti Michelotti
ORIENTADOR: Bernardo Baldisserotto

Oleos essenciais, cujo composto majoritario é o citral, vém apresentando bons resultados quando
utilizados como aditivos na alimentagdo para peixes. Esse trabalho testou o citral na ragdo para trés
espécies, com trés distintos habitos alimentares, sendo elas: robalo (Centropomus undecimalis;
carnivoro); tainha (Mugil liza; detritivora) e sardinha-verdadeira (Sardinella brasiliensis; onivora). Os
niveis utilizados foram: 0,0 (controle), 0,5, 1,0 e 2,0 mL de citral por kg de ragdo. O citral utilizado
nas diferentes ragdes era uma mistura comercial contendo o-citral=60.15% e [-citral=39.85%. Os
dois primeiros experimentos (robalo e tainha) tiveram um periodo de 45 dias de alimentagdo e nao
apresentaram mortalidade, mas com resultados muito distintos. Para o robalo, o citral na menor
concentracdo foi prejudicial, sendo que o tratamento com 0,5 mL de citral por kg de ragdo apresentou
o menor ganho de peso e taxa de crescimento especifico, e a maior conversdo alimentar. A atividade
da pepsina foi significativamente maior no estdbmago dos robalos alimentados com 0,5 mL de citral
por kg de ragdo e a atividade da amilase foi maior no intestino dos peixes alimentados com 1.0 mL de
citral por kg de racdo em comparacdo ao grupo controle. A atividade da lipase intestinal foi maior em
todos os grupos alimentados com citral em comparagdo ao grupo controle. As atividades de
quimotripsina e tripsina ndo mostraram diferenga significativa entre os grupos. O maior nivel de citral
na dieta (2,0 mL de citral por kg de dieta) da tainha, levou a maior ganho de peso em relagdo ao
tratamento controle. Os peixes alimentados com 2,0 mL de citral por kg de ragdo apresentaram maior
atividade de pepsina no estdbmago e amilase no intestino que os peixes controle. No entanto, o citral
adicionado na dieta ndo apresenta uma relacdo dose-resposta com nenhum dos parametros testados. O
experimento conduzido com a sardinha-verdadeira em situacdo estressante devido as mudancas
bruscas na luminosidade apresentou mortalidade em todos os tratamentos e teve uma duracdo de 20
dias. A sobrevivéncia foi maior nos tratamentos contendo citral. Apesar de melhorar a atividade de
algumas enzimas digestivas, nenhum efeito benéfico da suplementacdo com citral foi observado no
crescimento dessa espécie. Conclui-se que o citral age de forma diferente nas espécies testadas e

recomendamos seu uso como aditivo na dieta para tainha e sardinha-verdadeira.

Palavras — chave: piscicultura marinha, citral, habito alimentar, parametros zootécnicos



ABSTRACT

CITRAL AS ADDITIVE IN THE DIET FOR MARINE FISH WITH DIFFERENT
EATING HABITS: DIGESTIVE ENZYMES AND ZOOTECHNICAL AND
METABOLIC PARAMETERS

AUTHOR: Bruna Tomazetti Michelotti
ADVISER: Bernardo Baldisserotto

Essential oils whose major compound is citral have been showing good results when used as
additives in fish feed. This work tested dietary citral supplementation for three species with
three distinct feeding habits, namely: common snook (Centropomusundecimalis; carnivore);
mullet (Mugil liza; detritivore) and Brazilian sardine (Sardinella brasiliensis; omnivore).
The levels used were: 0.0 - control, 0.5, 1.0 and 2.0 mL of citral perkg of feed. The citral
used in the different diets was a commercial mixture containing a- citral = 60.15% and B-
citral = 39.85%. The first two experiments (common snook and mullet) had a 45-day
feeding period and did not show any mortality, however very different results. The citral at
the lowest dietary insertion level was harmful to common snook, and atthe end of the
experimental period, the treatment with 0.5 mL of citral per kg of feedshowed the
lowest weight gain and specific growth rate and the highest feed conversion. Pepsin activity
was higher in the stomach of fish fed 0.5 mL of citral per kg of feed and amylase activity
was greater in the intestine of fish fed mL of citral per kg of feed comparedto the control
group. Intestinal lipase activity was higher in all groups fed with citral compared to the
control group. Chymotrypsin and trypsin activities showed no difference between groups.
The highest dietary citral level (2.0 mL of citral per kg of diet) for the mullet caused higher
weight gain than the control treatment. Fish fed with 2.0 mL of citral / kg of feed showed
greater pepsin activity in the stomach and amylase in the intestine than the control fish.
However, dietary citral does not have a dose-response relationship with any of the tested
parameters. The experiment conducted with the Brazilian sardine in a stressful situation due
to the sudden changes in luminosity showed mortality in all treatments and lasted for 20
days. Survival was greater in treatments containing citral. Despite improving the activity of
some digestive enzymes, no beneficial effect of supplementation with citral was observed in
the growth of this species. It is concluded that citral acts differently in the species tested and

we recommend its use as an additive in the diet for mullet and sardine.

Keywords: marine fish farm, citral, eating habit, zootechnical parameters.
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1 INTRODUCAO

A piscicultura marinha, de producdo em grande escala, teve seu inicio por volta da
década de 60 no Japdo, com desenvolvimento de técnicas de alimentagdo, manejo e
larvicultura (CERQUEIRA, 2004; COSTA-FILHO; FABREGAT; ROSA, 2013). No Brasil,
iniciou-se no Nordeste no século XVII, onde juvenis de diversas espécies eram introduzidos
em viveiros estuarinos abastecidos de agua com a variagdo das marés (CERQUEIRA, 2004).
Devido a extensa faixa costeira, o litoral brasileiro apresenta grande potencial ainda
inexplorado para o cultivo de peixes marinhos em escala comercial, apesar da atividade estar
em fase de desenvolvimento ndo evidenciando relevancia economica. A producdo ¢ baseada
em instituicdes de pesquisa, fazendas experimentais (CAVALLI; HAMILTON, 2009;
CAVALLI; DOMINGUES; HAMILTON, 2011; FAO, 2016) e alguns poucos produtores no
litoral de Sdo Paulo e Rio de Janeiro. As empresas existentes no Estado de Sao Paulo e Rio de
Janeiro possuem estrutura fisica e conhecimento técnico para a produgdo em grande escala de
algumas espécies, assim como manter o fornecimento continuo para os criadores de peixes.
Essa atividade apresenta grande tendéncia de crescimento (COSTA-FILHO; FABREGAT;
ROSA, 2013), pois a propor¢ao de unidades populacionais de peixes marinhos exploradas em
niveis biologicamente insustentaveis mundialmente aumentou de 10% em 1974 para 33,1%
em 2015 (FAO, 2018).

Ao longo da costa brasileira sdo encontradas diversas espécies de peixes marinhos com
caracteristicas favoraveis para a aquicultura (CAVALLI; DOMINGUES; HAMILTON,
2011). Até o inicio dos anos 2000, o desenvolvimento da atividade foi restringido pela falta de
oferta de formas jovens (CERQUEIRA, 2004) ¢ a grande deficiéncia de informagdes sobre a
biologia e a tecnologia de cultivo (CAVALLI; HAMILTON, 2009). Para a maioria das
espécies, estas caracteristicas se mantém até os dias atuais.

Cavalli e Hamilton (2009, 2011) destacam como espécies de grande potencial: robalo-
flecha (Centropomus undecimalis), tainha (Mugil liza), sardinha-verdadeira (Sardinella
brasiliensis) entre outras, especialmente devido a crescente demanda de peixes e a diminuigdo
das reservas dos mesmos em todo o mundo. Diante disso, dietas completas e equilibradas com
aditivos que ajudem a manter a saide e melhorar o crescimento do peixe tornam-se uma

alternativa para incremento da produtividade (GODA, 2008).
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Avaliar o efeito da adi¢do de citral na ragdo em relagdo a enzimas digestivas,

parametros zootécnicos e metabolicos de peixes marinhos com diferentes habitos alimentares.

2.2 OBJETIVOS ESPECIFICOS

- Realizar a exposicao de diferentes espécies de peixes marinhos a diferentes doses de
citral incorporadas a ra¢do, de modo a encontrar a melhor dose para as espécies testadas;

- Verificar a diferenca da atividade de pepsina, tripsina, quimiotripsina, lipase e amilase
no estdbmago e intestino no uso de uma mesma formulagdo para espécies de diferentes habitos
alimentares (Centropomus undecimalis, Mugil liza e Sardinella brasiliensis);

- Avaliar o efeito da exposicdo de robalos-flecha, tainha e sardinha-verdadeira a
diferentes concentragdes de citral sobre parametros zootécnicos: ganho de peso, taxa de
crescimento especifico, conversdo alimentar e fator de condicao;

- Verificar se a exposi¢do ao citral tem efeito sobre o metabolismo: glicose e lactato no

figado e musculo das espécies estudadas.
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3 REVISAO DE LITERATURA

3.1 ESPECIES

3.1.1 Robalo-flecha

Algumas espécies de peixe sdo apontadas como grandes candidatas para serem
utilizadas na piscicultura marinha brasileira. Entre elas, destacam-se os robalos (Figura 1) por
apresentarem caracteristicas favoraveis ao cultivo, demonstrando grande potencial para a
criacdo em cativeiro (FERRAZ et al., 2011; SOUZA, et al., 2011). Além disso, a criagdo
destas espécies também ¢ importante para a preservagao dos recursos naturais, pois os juvenis

podem ser utilizados em programas de repovoamentos (FERRAZ e CERQUEIRA, 2010).

Figura 1: Robalo-flecha, Centropomus undecimalis

Fonte: MICHELOTTI (2019).

Os robalos sdo peixes marinhos que fazem parte do género Centropomus, familia
Centropomidae e possuem caracteristicas atrativas para a aquicultura (ALVAREZ-
LAJONCHERE; TSUZUKI, 2008; TAVARES; LUQUE, 2004): sdo peixes rusticos que se
adaptam facilmente a variacdes nas condi¢cdes ambientais e aceitam alimentacdo a base de
ragdo, caracteristicas que sdo favordveis para o cultivo (ALVAREZ-LAJONCHERE;
TSUZUKI, 2008; BARROSO et al., 2002; JUNIOR et al., 2009; TSUZUKI, et al., 2009).

As espécies do género Centropomus estdo distribuidas ao longo do continente
americano (dos EUA até o sul do Brasil), nas costas dos oceanos Pacifico e Atlantico. Na
América do Norte, Central ¢ do Sul sdo encontradas doze espécies deste género (RIVAS,
1986). Na costa brasileira sdo quatro, das quais duas destacam-se como mais predominantes:

C. parallelus (robalo-peva) e C. undecimalis (robalo-flecha) (RIVAS, 1986).
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Os robalos possuem habito alimentar carnivoro com dieta composta,
preferencialmente, por crustaceos, contudo sdo considerados predadores oportunistas que
variam a alimentagdo de acordo com a disponibilidade de alimento (TSUZUKI, et al., 2009).
A dieta fica mais piscivora a medida que os peixes crescem. Em relagdo ao habitat, Cerqueira
(2004) relata que os robalos sdo peixes costeiros que realizam deslocamentos constantes entre
agua salgada e agua doce. Sdo considerados peixes marinhos, mas que em suas diferentes
fases de vida adentram estuarios e rios de agua doce (RIVAS, 1986), habitando profundidades
de até 40 metros (ALVAREZ-LAJONCHERE; TSUZUKI, 2008). Os locais de reprodugio
sdo geralmente em praias e desembocaduras de rios, ocorrendo a necessidade de agua salgada
para desova, porém a maturacdo sexual pode ser realizada em agua doce (CERQUEIRA;
MIOSO; CANARIN, 2005).

O robalo-flecha atinge um tamanho maximo entre 120 a 140 centimetros e pesam entre
20 a 23 kg (ALVAREZ-LAJONCHERE; TSUZUKI, 2008), sendo que o tamanho comercial
dessas espécies € de 0,5 a 2 kg. O crescimento inicial normalmente € baixo, sendo necessarios
aproximadamente seis meses, em condigdes de clima tropical, para os juvenis de 1,5 a 3,0
gramas crescerem até um peso aproximado de 30 gramas (CERQUEIRA; MIOSO;
CANARIN, 2005).

Figura 2: Robalo-flecha pesando 6,725 kg.

Fonte: MICHELOTTI (2019).

As informagoes referentes a engorda de robalo-peva encontradas na literatura sdo
basicamente avaliagdes de diferentes sistemas de produgdo, extensivos e intensivos, relatados
por Cerqueira (2005). No sistema extensivo, os robalos podem ser utilizados como

controladores da procriagdo indesejavel de outros peixes. A utilizagdo de um robalo-peva (8
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cm e 10 g) para cada tilapia (100 g) em tanque escavado com agua doce produziu peixes com
65 g ap6s oito meses, com sobrevivéncia de 40 a 70% (ESQUIVEL; ESQUIVEL, 2002). Em
um sistema mais intensivo, 15.000 juvenis de robalo-peva foram estocados em um viveiro de
camardo de 1 ha com 4gua marinha e no final a sobrevivéncia estimada foi de 90 % e o peso
de 192 g (Empresa Compescal, Aracati, CE). Em outro teste com densidades mais elevadas,
foram obtidos peixes com peso final entre 300 e 400 g e sobrevivéncia de 80% apds 21 meses
de cultivo utilizando a densidade de aproximadamente 80 peixes por m?. O cultivo em tanque-
rede seria outra opgao no cultivo intensivo, inclusive com um custo menor de implantag3o.
Ostini et al (2007) avaliaram o desempenho produtivo na criacdo de juvenis de robalo-peva
(32,53 + 6,54 g) com uma densidade de 20 e 40 peixes m durante 60 dias. As médias de
pesos finais, taxa de crescimento especifico ¢ ganho de peso didrio indicaram que o
tratamento de menor densidade foi superior ao de maior densidade. Em relacdo ao ganho de
peso total, observou-se um incremento de 98,6 ¢ 87,9g para as densidades de 20 e 40 peixes
m>. Michelotti et al. (2018) afirmam que juvenis de robalo-flecha possuem um bom
crescimento em agua doce com dureza entre 100 e 500 mg CaCO3 L', o que nos remete a
novas formas de cultivo dessa espécie. Resultados na dgua doce também foram relatados por
Cerqueira (2005), em que o cultivo em agudes, com baixa densidade e recebendo alimento
natural, produziu, ap6s dois anos, peixes com cerca de 300-500 g, e ap6s quatro anos, fémeas
maduras de robalo-peva com 4,5 kg. Outra forma de criacdo de citada pelo mesmo autor ¢ a
possibilidade de povoamento em canais de abastecimento em tanques de tratamento de
efluentes nas fazendas de camardes, sendo que sua presenca diminui a frequéncia de
competidores e predadores dentro dos viveiros. Nesse sistema foi possivel obter em 12 meses
robalos com 24 ¢cm e 155 g com sobrevivéncia de 70%.

A tecnologia para a producdo de juvenis de robalo em laboratério tem um bom
desenvolvimento no que diz respeito a reprodugdo, larvicultura, manejo ¢ alimentagdo, entre
outros (ALVAREZ-LAJONCHEGRE et al., 2002; ALVAREZ-LAJONCHERE; TSUZUKI,
2008; MICHELOTTI et al., 2018). Entretanto, ndo ha registros sobre a criagdo em escala
comercial dessa espécie no Brasil (FARIAS et al., 2017). No Rio Grande do Norte (Mossoro),
em tanque de camardo, 1500 juvenis de robalo-flecha (0,5 g) produzidos em laboratério
agiram no controle da populagdo de tilapias (0,5 g), chegando a 745 g em oito meses (SILVA
JUNIOR, 2016).

A qualidade da carne dos robalos ¢ excelente para a culinaria. Com a aparéncia branca
e pouca gordura, possui um elevado valor de mercado, pois reune caracteristicas

organolépticas muito procuradas pelos consumidores (FERRAZ et al., 2011; MEDEIROS
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FERRAZ; CERQUEIRA, 2018; SOUZA et al., 2011; TAYLOR; GRIER; WHITTINGTON,
1998). A separacao do filé ¢ facil, com rendimento de 45%, considerado alto em comparagao
com outras espécies, e sem espinhas intramusculares. A demanda ¢ superior a oferta, uma vez
que ndo sdo extraidos em grande quantidade, pois ndo formam cardumes grandes e ndo
possuem importancia na pesca industrial (TSUZUKI; BERESTINAS, 2008). O prego de
venda do robalo estd acima do valor do salmdo e da maioria das demais espécies
comercializadas (CORREA; CERQUEIRA, 2008).

As exigéncias nutricionais dos robalos ndo foram totalmente determinadas e as
informacdes ainda ndo sdo suficientes para se estabelecer dietas adequadas. Contudo, ¢é
importante considerar que as dietas formuladas devem apresentar caracteristicas relacionadas
com seu habito alimentar carnivoro, necessitando de uma alta concentracdo de proteina para
formar orgaos e tecidos, além de lipideos como fonte de energia, uma vez que ndo aproveitam
de forma eficiente os carboidratos (COSTA-FILHO; FABREGAT; ROSA, 2013). No caso de
juvenis de robalo-flecha é aconselhavel que o nivel minimo de proteina bruta seja de 40%
(GRACIA-LOPEZ, 2003). Entretanto, esse valor ¢ variavel conforme as condi¢gdes ambientais
ou/e de cultivo, visto que segundo Concha-Frias et al. (2018) a exigéncia proteica de dessa
espécie apresentou alteragdes conforme a salinidade. Na salinidade de 35, o peixe com 3 g
atinge maior peso com teor protéico minimo de 45%, mas em salinidade 5, a exigéncia
aumenta para 60 % de proteina.

Na falta de dietas especificas em situagdes praticas de cultivo, normalmente so
fornecidas racdes de outras espécies carnivoras, pois apresentam maiores semelhancas com as
exigéncias nutricionais dos robalos (CERQUEIRA et al., 2020).

O robalo ¢ pouco exigente em relagdo ao oxigénio dissolvido, provavelmente devido
ao seu comportamento calmo. Concentragdes proximas da satura¢do, em torno de 5-6 mg/L
para 25 °C e salinidade de 35 s@o consideradas mais adequadas (CERQUEIRA, 2020).
Segundo o trabalho de Silva (2016) com robalo-flecha, a temperatura 6tima para a espécie ¢

de 31,9 °C.

3.1.2 Tainha

As espécies do género Mugil pertencem a familia Mugilidae. A tainha Mugil liza ¢
encontrada desde o estado do Rio de Janeiro, no Brasil, até¢ a Argentina (DURAND et al.,
2012; FROESE; PAULY, 2008; LEMOS et al., 2014; MENEZES; OLIVEIRA; NIRCHIO,

2010). Sao peixes catadromos, seus juvenis deslocam-se das regides costeiras para aguas
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estuarinas e lagunares, ricas em alimento, onde passam sua fase de crescimento e na época de
desova migram para o mar (ALBIERI; ARAUJO, 2010; LEMOS et al., 2014; VIEIRA;
SCALABRIN, 1991; VIEIRA, 1991). No Rio Grande do Sul ¢ frequente a presenca de
juvenis ao longo do ano no estuario da Lagoa dos Patos (VIEIRA; SCALABRIN, 1991).

O género teve o seu status taxondmico revisado (DURAND et al., 2012; FRAGA et
al., 2007; MENEZES; OLIVEIRA; NIRCHIO, 2010), Fraga et al. (2007) sugeriram que M.
liza e M. platanus poderiam ser consideradas uma s6 espécie, ou consideradas como familias
da M. cephalus (espécimes coletados no Chile). Menezes et al. (2010), analisando meristica e
morfometricamente espécimes coletados do Uruguai e Argentina até a Venezuela, sugeriram
que nesta regido existe somente uma espécie, denominada M. liza, e que ndo podem ser
consideradas M. cephalus. Logo, durante esse trabalho consideraremos M. platanus, e M. liza
uma mesma espécie: M. liza.

A dieta dos mugilideos é notoriamente diversa incluindo uma grande capacidade de
adaptacdo a alimentos de diferentes origens, além disso, seus habitos alimentares variam de
acordo com a fase do ciclo de vida. Sdo considerados detritivoros, iliéfagos (SILVA, 1980;
VIEIRA, 1991), zooplanctéfagos (SILVA, 1980), onivoros (CERVIGON, 1993) e fitéfagos
(FRANCO; BASHIRULLAH, 1992; SILVA, 1980). A tainha, no sul do Brasil, pode atingir
cerca de Im de comprimento, com peso em torno de 6 kg (VIEIRA; SCALABRIN, 1991).
Mudangas ¢ particularidades dos ambientes fisicos podem influenciar a ecologia alimentar de
juvenis de tainhas (BLABER, 1987). Em localidades onde a plataforma continental ¢ mais
larga e as praias possuem carater dissipativo, juvenis de mugilideos tém menos dependéncia
de ambientes estuarinos, podendo fazer a transicdo do habito alimentar de zooplanctofago
para iliofago no ambiente marinho costeiro (BLABER, 1987), como ¢ o caso de M. liza na

costa sul do Brasil (VIEIRA, 1991).

Figura 3: Tainha, Mugil liza

Fonte: MICHELOTTI (2019).
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Uma vez que a tainha adota o habito alimentar iliofago (PILLAY, 1953; SILVA;
WIEYARATNE, 1977), este permanece até o estagio adulto. Sua estratégia alimentar
permite, entdo, a ingestdo de diversos itens como plantas, detritos (BRUSLE, 1981; ODUM,
1970), microalgas (ALMEIDA et al., 1993; LAFFAILLE et al., 2002), meiofauna
(LAFFAILLE et al., 1998), muitos deles com um alto grau de indigestibilidade. As particulas
de sedimento ingeridas auxiliariam o processamento mecanico da digestdo de diatomaceas ¢
restos vegetais (VIEIRA, 1991). Esse processo mecéanico também acontece pela presenca de
uma regido pildrica com espessa musculatura e superficie triturante como uma moela
(GALVAO et al.,, 2018. Odum (1970) sugere que as bactérias e protozoarios sobre as
particulas de detritos ingeridos podem ser importantes como uma fonte essencial de nutrientes
e, sobretudo, pela participagdo na decomposicdo de material vegetal. Com transicdes de
habito alimentar durante as fases de vida e de habito iliofago quando adultas, com grande
ingestdo de material vegetal, as tainhas estdo entre os poucos peixes de médio e grande porte
capazes de se alimentar sobre niveis troficos baixos (GAUTIER; HUSSENOT, 2005;
LAFFAILLE et al.,, 2002), desempenhando um papel importante nas cadeias alimentares
costeiras (LAFFAILLE et al.,, 2002; LEFEUVRE; LAFFAILLE; FEUNTEUN, 1999;
MENEZES et al., 2015).

O cultivo de tainhas ¢ uma realidade em varias regides do mundo, sendo o Egito,
atualmente, o maior produtor de M. cephalus. No Brasil, as tainhas ou paratis possuem grande
importancia na pesca comercial e estdo associadas historicamente a subsisténcia e a cultura de
comunidades de pescadores artesanais em regides costeiras (REIS; D’INCAO, 2000). A
tainha tem uma carne considerada saborosa, a gonada feminina da mesma (ova) ¢ conhecida
como "caviar" brasileiro e bastante apreciada no Brasil e em paises como Taiwan, Franca,
Grécia, Italia e Espanha (FERREIRA et al., 2006). O IBAMA classificou a tainha, no ano de
2004, como sobre-explorada e desde 2007 a captura vem apresentando uma redugdo gradativa
(MDIC, 2017). No Brasil, em 2014, foi categorizada como espécie quase ameagada de
extingdo (NT) e, segundo a International Union for Conservation of Nature (IUCN), passa por
avaliacdo de seu estado de conservacdo populacional para defini¢do de estratégias de manejo
e ordenamento pesqueiro (MPA 2015). Hoje, o esforco de pesca consiste em 60 traineiras
autorizadas, ¢ conforme o Plano de Gestdo para o Uso Sustentavel da Tainha M. Liza, no
sudeste e sul do Brasil, do ano de 2015, a frota apresenta-se acima do nivel sustentavel. Por
outro lado, a espécie apresenta caracteristicas que a qualificam como uma alternativa para a
piscicultura, tais como: ampla tolerancia a salinidade (0 a 90) e a temperatura (3 a 36 °C),

elevada robustez e facil manejo alimentar, pois aceita com facilidade a dieta inerte
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(CERQUEIRA, 2004; MIRANDA-FILHO et al, 2010; SAMPAIO; WASIELESKY;
MIRANDA-FILHO, 2002; SAMPAIO; FERREIRA; TESSER, 2001). Além de sua
importancia econdmica para a pesca, a tainha M. Platanus apresenta caracteristicas que a
qualificam como uma alternativa para a piscicultura nas regioes Sul e Sudeste do Brasil. Esta
espécie ¢ eurialina e euritérmica (GODINHO, 2005), suporta bem condigdes de
confinamento, aceita com facilidade alimentos artificiais e ¢ possivel que sua produgdo seja
feita em sistemas de mono e policultivo com outras espécies de peixes e crustaceos
(BENETTI e FAGUNDES NETTO, 1983; SAMPAIO et al., 2001). Podem atingir cerca de 1
m de comprimento ¢ 6 kg de peso, sendo comuns exemplares de 50 cm (MENEZES;
FIGUEIREDO, 1985; OLIVEIRA; SOARES, 1996).

A reproducdo de M. liza ocorre do final de outono ao inicio de inverno (maio a
agosto), com pico em maio e junho. A desova acontece em mar aberto, entre o norte do Rio
Grande do Sul e Sdo Paulo, com temperatura da agua de 19 a 21 °C (CERQUEIRA et al.
2017). De acordo com Benetti e Fagundes (1980), em 1979, no Rio de Janeiro, comegaram
estudos que abordavam a reprodugdo controlada em laboratorio e larvicultura de M. liza. Os
estudos seguiram e posteriormente foram publicados em Santa Catarina por Andreatta e
colaboradores (1981), e em Sao Paulo por Godinho e colaboradores (1993). Contudo, nenhum
deles conseguiu estabelecer a criacdo comercial da espécie (CERQUEIRA et al., 2017). Em
2014 as pesquisas sobre reproducdo controlada desta espécie foram retomadas (PASSINI et
al., 2015). O tempo de larvicultura ¢ entre 45 a 60 dias, com juvenis de 20 a 30 mm de
comprimento, tendo as nadadeiras formadas e o corpo coberto com escamas. Sdo resistentes e
podem ser estocados em viveiros para engorda, com taxas de sobrevivéncia de no maximo
20% (CERQUEIRA et al., 2017).

Estudos sobre a susceptibilidade de juvenis de M. platanus a fatores potencialmente
limitantes para sua criagdo foram realizados. Miranda-Filho, Wasielesky-Jr ¢ Macada (1995)
avaliaram o efeito da amoénia e do nitrito sobre o crescimento da tainha concluindo que seu
organismo ¢é passivel de ser aproveitado em sistemas de cultivo desde que os niveis de amonia
total sejam inferiores a 4 mg L', visto que o desenvolvimento ¢é reduzido em concentragdes
superiores a esta. Neto e Spach (1999) propuseram um protocolo para criagdo destes peixes
em agua doce. Sampaio et al. (2001) sugerem uma densidade de estocagem entre trés a cinco
juvenis por litro em cultivo de laboratorio. A toxicidade aguda da aménia e do nitrito para
juvenis de tainha é maior em 4gua doce que em salinidades mais elevadas (SAMPAIO;
WASIELESKY; MIRANDA-FILHO, 2002). Okamoto et al (2006) observaram que elas

crescem melhor em temperaturas de 30 °C.
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O desenvolvimento do trato digestério das larvas de tainha foi considerado lento e a
substitui¢do de organismos vivos por dietas artificiais s6 ¢ possivel ao redor do 40° dia apds a
sua eclosdo, quando o trato digestorio se torna completamente funcional, com a diferenciacao
do estdbmago e o aparecimento de glandulas gastricas. Larvas de M. platanus com quatro dias
de vida ja apresentam as enzimas tripsina e carboxipeptidases, embora suas atividades

proteoliticas sejam baixas em relacio aos juvenis (GALVAO et al., 2018).

3.1.3 Sardinha-verdadeira

A sardinha faz parte de um grupo denominado peixes pelagicos subtropicais, uma vez
que possui habitos costeiros. Esses peixes classificam-se em trés géneros e dezoito espécies
que estdo distribuidas pelo mundo, mas restritas as latitudes 60° N e 50° N (SCHWEIGERT,
2002) mesmo que essas espécies sejam de agua quente. O género Sardinella esta presente nos
dois lados do oceano Atlantico, bem como no Indopacifico. Porém, a sardinha-verdadeira,
Sardinella brasiliensis, geograficamente, esta isolada dos outros grupos do género no oceano
Atlantico (CERGOLE; DIAS-NETO, 2011).

A sardinha-verdadeira ¢ uma espécie marinha encontrada na area entre Cabo de Sao
Tomé /- Rio de Janeiro (22° S) e Cabo de Santa Marta /- Santa Catarina (29° S)
(JABLONSKI, 2007), sendo capturada (DALLAGNOLO; SCHWINGEL; PEREZ, 2010) e
tendo grande importancia ecologica e comercial no sul e sudeste do Brasil. Os peixes adultos
sdo utilizados para consumo humano e os juvenis sdo utilizados como isca-viva na captura de
atum (ANDRADE; SANTOS, 2004; DALLAGNOLO; SCHWINGEL; PEREZ, 2010;
SENINA; SIBERT; LEHODEY, 2008). A sardinha-verdadeira, juntamente com outras
Sardinella spp, responde por 5% da produg¢do mundial de peixes marinhos, mas representa

uma proporc¢ao muito maior do valor total das capturas (FAO, 2016).
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Figura 4: Sardinha-verdadeira, Sardinella brasiliensis

Fonte: V. MENDONCA (2019).

As capturas comerciais da sardinha no Brasik comecaram no final da década de 1950 e
tiveram rapido crescimento na década de 1960, atingindo um pico de 228.000 toneladas em
1973 (CERGOLE; SACCARDO; ROSSI-WONGTSCHOWSKI, 2002). No entanto, em
2014, a captura foi de apenas 51.781 toneladas (FAO, 2016). Este declinio pode ser atribuido
a uma combinagdo de pesca excessiva ¢ condi¢cdes ambientais (CERGOLE; SACCARDO;
ROSSI-WONGTSCHOWSKI, 2002). Contudo, considerando sua importincia econdomica, um
dos esfor¢os que poderiam minimizar os efeitos colaterias do colapso da populagdo brasileira
de sardinha ¢ sua a produgdo em cativeiro (CERGOLE; DIAS-NETO, 2011).

Considerando a importancia econdmica, em 1950 iniciaiaram-se os primeiros estudos
sobre a sardinha, mas apenas recentemente o foco voltou-se para a aquicultura (BALOI, M. et
al., 2016). O ciclo de vida deste peixe é curto (longevidade de no maximo quatro anos) ¢
apresenta alta taxa de crescimento e fecundidade (PERIN; VAZ-DOS-SANTOS, 2014),
sendo, portanto, uma boa alternativa para a aquicultura. Essa espécie apresenta
comportamento alimentar diurno na natureza, alimentando-se de fito e zooplancton por toda a

sua vida (KURTZ; MATSUURA, 2001; SCHNEIDER; SCHWINGEL, 2000).
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A Sardinella brasiliensis pertence a um grupo de peixes onivoros de pequeno porte,
de corpo lateralmente comprimido, prateado e com pequena amplitude de comprimento
(tamanho maximo de 270 mm). Formam cardumes em aguas costeiras, além disso, entram em
baias e estuarios (CERGOLE; DIAS-NETO, 2011).

A alimentacdo da referida espécie vai se modificando conforme as fases de
desenvolvimento. A dieta de larvas e juvenis (13-65 mm) ¢ composta por pequenos
copépodes dos géneros Oncaea, Calanus, Euterpina e Corycaeus, diatomaceas como
Coscinodiscus, Paralia, Triceratium, Melosira, Navicula e Pleurosigma e dinoflagelados
como Peridinium e Ceratium (MONTES, 1953). Os nauplios de copépodes constituem o item
mais importante, seguido por ovos de invertebrados, copepoditos e copépodes adultos
(CERGOLE; DIAS-NETO, 2011). Com o desenvolvimento, aumenta-se o espectro alimentar,
os pré-adultos e adultos apresentam flutuagdes sazonais nas dietas. No outono e na primavera
sua presa predominante ¢ o zooplancton (74,2% do volume alimentar), j4 no inverno o
fitoplancton passa a representar 66% da sua dieta (SCHNEIDER; SCHWINGEL, 2000).

Em cativeiro, para melhores resultados de ganho de peso de juvenis, foi determinado
um regime alimentar de 5,45% do peso vivo (BALOI et al., 2017) e a frequéncia alimentar de
duas vezes ao dia (BALOI et al.,, 2016). Sterzelelecki et al (2017) fizeram um ensaio
experimental testando diferentes relagdes carboidrato/lipidio para sardinha-verdadeira e
descobriram que altas insercdes de carboidrato na alimentagdo de juvenis da espécie inibem o
consumo de ragdo. Entretanto, o lipidio corporal aumentou com o aumento do lipidio da dieta
e foi inversamente correlacionado a umidade do corpo. Os autores concluiram que a relagao
otima de carboidrato/lipidio para ganho de peso maximo de juvenis de sardinha-verdadeira
pode ser estimada em 3,41, contendo aproximadamente 300 g kg™ carboidrato e 88 g kg!
lipidio (STERZELECKI et al., 2017). Esse mesmo grupo de estudos estimou que o nivel ideal
de proteina na ragdo para S. brasiliensis é de 366,7 g kg ' (STERZELECKI., 2018).

3.2. NUTRICAO E PROCESSOS DIGESTIVOS

A grande diversidade ecoldgica e filogenética dos teleosteos se reflete nas variadas
formas que estes peixes obtém alimentos, bem como, na multiplicidade de suas dietas. A
maioria apresenta certa flexibilidade em seus habitos alimentares, que podem variar de acordo
com a disponibilidade dos diferentes nutrientes no ambiente (BLAY; AWITTOR; AGBEKO,
2006; DIAZ et al., 2003). As estruturas dos vérios 6rgdos do trato digestorio estdo, portanto,
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diretamente relacionadas a natureza do alimento e a maneira como ele ¢ ingerido, de modo
que haja eficacia nesta ingestdo (CHAVES; VAZZOLER, 1984).

Em peixes, os processos digestorios e as enzimas sdo semelhantes ao observado em
outros vertebrados. A sintese e niveis apropriados de enzimas digestivas sdo regulados pela
disponibilidade de nutrientes no ambiente, entre outros, os quais variam ao longo do tempo
(LOPEZ[IVASQUEZ; CASTRO/PEREZ; VAL, 2009). Os peixes sdo geralmente classificados de
acordo com os habitos alimentares, e espera-se que as atividades enzimaticas digestivas
reflitam seus habitos alimentares e dieta (FERNANDEZ et al.,, 2001; LANGELAND;
LINDBERG; LUNDH, 2013). Compreender a relacdo entre as atividades enzimaticas
digestivas e a composicdo centesimal dos alimentos ingeridos pelos peixes no meio ambiente
¢ importante para a compreensdo da biologia alimentar das espécies (ALMEIDA et al., 2018).

O uso de aditivos na ragdo tem sido utilizado para animais terrestres e aquaticos,
visando controlar agentes prejudiciais ao processo digestivo e, assim, proporcionar a melhora
dos indices zootécnicos (NUNES et al., 2012; SANTOS; LUDKE; LIMA, 2009). Também
podem apresentar efeitos positivos na digestdo e comunidade microbiana intestinal (BENTO
et al., 2013; BRENES; ROURA, 2010; FRANZ; BASER; WINDISCH, 2010; GIANNENAS
et al., 2013; ZENG et al., 2015). Também um fator chave relacionado a aplicabilidade do uso
de alimentos pelo peixe ¢ o periodo que leva para passar pelo trato digestorio. Isso ¢
comumente referido como tempo de transito gastrintestinal e tem uma influéncia direta na
eficiéncia da digestdo e na absor¢do de nutrientes devido ao tempo que o alimento é exposto

aos processos digestivos (NRC, 2011; JOBLING, 1987; WINDELL, 1968).

3.3 OLEOS ESSENCIAIS E CITRAL

A partir da década de 80 houve um aumento substancial na pesquisa ¢ uso de 6leos
essenciais como aditivos para alimentos para ndo-ruminantes (BRENES; ROURA, 2010;
FRANZ; BASER; WINDISCH, 2010; ZENG et al., 2015). Entretanto, a pesquisa sobre 6leos
essenciais ou seus compostos isolados como suplementos dietéticos para espécies aquaticas é
mais limitada e recente (SUTILI et al., 2017).

Extratos e Oleos essenciais possuem diversos compostos ativos como fenois,
polifenois, alcaloides, quinonas, terpenoides, lectinas e polipeptideos, estabelecendo-se como
alternativas  eficazes  frente aos aditivos  convencionais (HARIKRISHNAN;

BALASUNDARAM; HEO, 2011). Esses compostos sdo comumente reconhecidos como
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seguros para o consumo animal e meio ambiente por possuirem efeitos colaterais ou
toxicidade reduzidos e melhor biodegradabilidade (KALEMBA e KUNICKA, 2003). Muitos
mecanismos de acdo benéfica tém sido propostos no uso de oleos essenciais na dieta de
peixes, como aumento de crescimento, aumento da deposicdo de proteinas musculares,
melhora no estado oxidativo e resisténcia a doengas, diminuicdo da resposta ao estresse
(ZEPPENFELD et al., 2016; ZHENG et al., 2009).

O citral, mistura de dois tautdmeros: neral (Z-citral ou a -citral) e geranial (E-citral ou
B-citral), consiste em um componente de 6leos essenciais extraidos de diversas plantas, tais
como capim-limao (Cymbopogon citratus), melissa (Melissa officinalis), verbena (Verbena
officinalis), erva-cidreira (Lippia alba), erva-luisa (4loysia triphylla), entre outras. Na pratica
¢ utilizado como aditivo alimentar e como fragrancia em cosméticos, devido ao seu agradavel
aroma de limdo. Biologicamente, este constituinte ja foi relacionado as atividades sedativa
(VALE, DO et al., 2002), antifungica (FERREIRA, T. M. et al., 2009) e anti-inflamatoria
(BACHIEGA; SFORCIN, 2011; PONCE-MONTER et al., 2010), tendo sido detectados,
também, efeitos antinociceptivos (ORTIZ et al., 2010) e mais recentemente um promissor
efeito anestésico (SOUSA et al., 2015). Zhang et al. (2014) demonstraram a capacidade do
citral de inibicdo da formacdo de biofilme de bactérias, indicando que esta substincia
apresenta potencial de uso como conservante alimentar. Silva-Angulo et al (2015) reforgaram
a hipotese de que o citral possui propriedades antibacterianas, tendo em vista que este
monoterpenoide exibiu atividade contra Listeria innocua e Listeria monocytogenes.

Citral € o principal composto do 6leo essencial de A. Triphylla (o -citral 29,41 % e P -
citral 20,78 %), cuja utilizagdo como aditivo na ragdo melhorou o crescimento ¢ o estado
oxidativo do jundia, Rhamdia quelen (SANTOS et al., 2017; ZEPPENFELD et al., 2016). A
suplementagdo dietética com 6leo essencial microencapsulado de Cymbopogon Flexuosus,
que também possui citral como composto principal (a-citral 45,7% e B-citral 32,1%),
aumentou o rendimento de carcaga e deposi¢ao de proteina em jundia (RAMPELOTTO et al.,
2018). O citral encapsulado apresentou potencial de uso como suplemento dietético para tratar

infeccdes na producdo animal (YANG et al., 2016).
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ABSTRACT

Essential oils of plants whose main compound is citral showed beneficial effects
when added to fish feed. The objective of the present study was to evaluate the dietary effect
of the addition of citral on zootechnical parameters and digestive enzyme activities of
Centropomus undecimalis. Juveniles were fed for 45 days with diets containing different
amounts of citral (0.0 - control, 0.5, 1.0, and 2.0 mL per kg of diet). The water quality
parameters were kept stable during the experiment and no mortality was observed. At the end

of the experimental period, the treatment 0.5 mL citral per kg of diet had the lowest weight
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gain and specific growth rate, and the highest feed conversion, while the same parameters did
not differ between the other treatments. Pepsin activity was higher in the stomach of fish fed
0.5 mL citral per kg of diet and amylase activity was higher in the intestine of fish fed 0.5 and
2.0 mL citral per kg of diet compared to the control group. Intestinal lipase activity was higher
in all groups that were fed citral compared to the control group. Chymotrypsin and trypsin
activities showed no difference between groups. Consequently, dietary addition of citral at any
of the levels tested is not recommended for common snook.

Key words: Centropomus undecimalis, amylase, pepsin, lipase, growth, marine fish farming.

RESUMO

Oleos essenciais de plantas cujo composto majoritario ¢ o citral mostraram efeitos
benéficos quando adicionados a racdo para peixes. O objetivo do presente estudo foi avaliar o
efeito da adi¢do de citral sobre os parametros zootécnicos e atividades das enzimas digestivas
de Centropomus undecimalis. Os juvenis foram alimentados por 45 dias com dietas contendo
diferentes quantidades de citral (0,0 - controle, 0,5, 1,0 ¢ 2,0 mL por kg de ragdo). Os
parametros de qualidade da dgua foram mantidos estaveis durante o experimento ¢ nenhuma
mortalidade foi observada. Ao final do periodo experimental, o tratamento 0,5 mL citral por
kg de ragdo teve o menor ganho de peso e taxa de crescimento especifico, e a maior conversao
alimentar, enquanto os mesmos parametros ndo diferiram entre os demais tratamentos. A
atividade da pepsina foi maior no estdbmago de peixes alimentados com 0,5 mL de citral por kg
de racdo e a atividade de amilase foi maior no intestino de peixes alimentados com 0,5 e 2,0
mL citral por kg de ragdo comparado ao grupo controle. A atividade da lipase intestinal foi
maior em todos os grupos que foram alimentados com citral em comparacdo ao grupo

controle. As atividades de quimotripsina e tripsina ndo mostraram diferenga entre os grupos.
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Consequentemente, a adicdo de citral na racdo em qualquer um dos niveis testados ndo ¢
recomendada para robalo-flecha.
Palavras-chave: Centropomus undecimalis, amilase, pepsina, lipase, crescimento,

piscicultura marinha.

INTRODUCTION

Common snook, Centropomus undecimalis, is a carnivore with several
characteristics that qualifies it as a marine species for intensive fish farming, since it has high
market value, is well adapted to captivity, easily accepts inert foods and has a good feed
conversion ratio (RHODY et al., 2014; TUCKER JR, 1987). In addition, it is an important fish
for sport fishing in the American continent (LOWERRE-BARBIERI; VOSE;
WHITTINGTON, 2003).

The search for the maximum food efficiency has promoted the use of dietary
additives to control harmful agents to the digestive process and thus improve the zootechnical
indexes. Several essential oils (EOs) have been used as dietary additives for fish, improving
growth and resistance to diseases ( ZHENG et al., 2009; FERREIRA et al., 2014; SONMEZ et
al., 2015; MOHAMADI SAEI et al., 2016; BRUM et al., 2017; ZEPPENFELD et al., 2016,
2017).

Citral is the main compound of Aloysia triphylla EO (essential oil), whose dietary
addition improved growth and oxidative status of silver catfish, Rhamdia quelen
(ZEPPENFELD et al., 2016, 2017). Dietary supplementation with the microencapsulated EO
of Cymbopogon flexuosus, which also has citral as the main compound, increased carcass
yield and protein deposition in silver catfish (RAMPELOTTO et al., 2018). Often the major
EO component is primarily responsible for its biological activities, but dietary

supplementation with citral did not improve oxidative parameters and innate immunity in
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common snook (MORI et al., 2019). However, the effect of citral on growth and digestive
enzymes activity in this species was not studied, then the objective of the present study was to
evaluate the efficacy of dietary supplementation with citral as a growth promoter of common

snook and to analyze its effects on digestive enzymes activities.

MATERIAL AND METHODS

Animals and rearing conditions

The experiments were performed in the Marine Fish Culture Laboratory (LAPMAR) at
the Federal University of Santa Catarina (UFSC), Floriandpolis, Santa Catarina, Brazil.
Juvenile common snook Centropomus undecimalis (initial weight 2.75 £ 0.02 g and total
length 7.75 + 0.01 cm) were obtained by induced spawning of broodstocks as described by
PASSINI et al. (2013) and maintained at the LAPMAR in salinity 35 ppt.

Juveniles were randomly distributed in four water recirculation systems with salinity
31.12 + 2.31 ppt and temperature of 31.59 £ 0.91 °C as suggested by MICHELOTTI et al.
(2018) (n=30 per tank). Each recirculation system consisted of three circular tanks (150L). The
water contained in these experimental units was removed through a central pipeline with a bag
filter (50pm), a biological filter, a foam fractionator and an ultraviolet sterilizer (60w). After
the treatment, the water returned to the experimental tanks.

The fish were acclimated for four days to the experimental feed. Remains of food and
feces were removed daily through siphoning, and an average of 25% of the water was

renewed.

Water parameters
The water parameters were checked daily (temperature, pH and dissolved oxygen) or

weekly (alkalinity, total hardness, ammonia and nitrite) throughout the experimental period, as
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described by MICHELOTTT et al. (2018). The water parameters remained stable during the

experiment, with no significant difference between treatments (Table 1).

Citral

Citral (a-citral=60.15%, B-citral=39.85%) was obtained from Sigma-Aldrich® (St.
Louis, Missouri, USA). The quantification of the isomers was executed in an Agilent 6890A
gas chromatography coupled with a 5973 mass selective detector using a HP-CHIRAL
capillary column (30 m x 0.25 mm i.d. x 0.25 pm film thickness) and electron ionization mode
at 70 eV. Helium was used as carrier gas in a flow rate of 1.0 mL min-1, injector temperature
was set at 250°C and detector at 280°C. Oven temperature was kept at 40 °C for 4 min and
raised to 240°C at a rate of 4 °C min™'. Sample solutions of 1 pL (2:1000 in hexane, v/v) were
injected in splitless mode. Kovats retention indices were calculated using a homologous series
of C8-C40 n-alkanes injected under the same conditions of the samples. The isomers were
identified by mass spectra and Kovats retention index comparison with data from the National
Institute of Standards and Technology Mass Spectral Library (NIST). Compounds relative
percent was estimated by under peak area integration obtained from the chromatogram.

Diets and experimental design

Four diets based on the same initial formulation (MORI et al., 2019) were produced,
dried in an oven at 40°C and subsequently pelleted at 6 mm (Table 2). Different amounts of
citral (0-control, 0.5, 1.0, 2.0 mL per kg of diet) were added to the mixture together with fish
oil prior to the drying and pelletizing processes. Fish received the experimental diets to
apparent satiety four times a day (9 am. and 1, 3 and 6 p.m.) for 45 days. The feed was
suspended 24 h prior to sampling and final collection of the experiment. The experimental

design resulted in four groups (in triplicate).
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Samples

After 45 days, three fish from each tank (n = 9 animals per treatment) were
anesthetized with 50 mg L' of benzocaine and euthanized by sectioning of the spinal cord.
Stomach and intestine were removed and immediately frozen in liquid nitrogen. The tissues

were stored at -20 °C for further analysis.

Zootechnical Parameters

At 1, 22 and 45 days of experiment all common snooks were anesthetized with 50 mg
L' benzocaine, measured and weighed to calculate weight gain (Wg), specific growth rate
(SGR) and feed conversion (FC) as described by MICHELOTTI et al. (2018). Condition factor
(FK) was calculated by the following equation: (FW/FL*)*100, where FW is the final weight

and FL is the final length.

Digestive enzymes
Samples from stomach, anterior and posterior intestine were homogenized in an ice
bath at ratio 1:10 (tissue: homogenization buffer) with an Ultraturrax. The homogenization
buffer solution was composed by 20 mM Tris/10 mM phosphate, pH 7.0 in 50% (v/v)
glycerol. The extract was centrifuged and supernatant was utilized in assays as enzyme source.
Amylase activity was assayed in 0.2 M phosphate-citrate buffer, pH 7.0, 0.5% NaCl
with a starch concentration of 2.5%. The reaction was stopped by adding Ba(OH)2 0.3 N and
ZnSO4 5%. The experimental protocol was modified according to BERNFELD &
COLOWICK (1955). The determination of starch hydrolysis was done following PARK &
JOHNSON (1949). The absorbance was recorded at 660 nm. One unit of enzyme was defined

as 1 mmol of glycosyl-glucose released from starch per min per mg of protein.
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Lipase activity was assayed as described by GAWLICKA et al. (2000) and
Chymotrypsin and trypsin assay was performed according HUMMEL (1959). Pepsin activity
was assayed as described by HIDALGO et al. (1999). Enzyme activities were calculated as

described by ALMEIDA et al. (2018).

Statistical analysis

The results are expressed as mean + error. The Levene’s test was performed to evaluate
the homogeneity of variances of the data. Comparisons among treatments were made by one-
way ANOVA followed by Tukey’s test. All analyses were performed using Statistica Software

7.0 (Stat Soft, Tulsa, OK, USA), and differences were considered significant at p < 0.05.

RESULTS

Zootechnical parameters

Dietary addition of citral did not change significantly WG and FC compared to the
control group at 22 days, but WG was lower and FC higher in fish fed 0.5 mL citral per kg of
feed than in those fed 1.0 mL citral per kg of feed. At the same day the lowest SGR and FK
were observed in fish fed 0.5 mL citral per kg of feed. After 45 days the lowest WG and SGR

and the highest FC were observed in fish fed 0.5 mL citral per kg of feed (Table 3).

Digestive enzymes

The amylase activity was significantly higher in groups 0.5 and 2.0 citral per kg of
feed than in the control group. Lipase activity was higher in all groups fed with citral
compared to control group. Chymotrypsin and trypsin showed no significant difference
between groups. However, pepsin was significantly higher in fish fed 0.5 citral per kg of feed

than control group (Figure 1).
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DISCUSSION

The highest dietary insertion of citral did not affect significantly the common snooks
zootechnical parameters analyzed compared to control. In contrast, the lowest dietary
insertion of citral (0.5 mL citral per kg of feed) was harmful, with the worst values of WG,
SGR and FC. A similar amount of dietary citral (0.3 g citral per kg of feed) had no effect on
the growth of Atlantic salmon (Salmo salar) after 30 days (JENSEN et al, 2015).
Interestingly, dietary addition of the EO of ginger (Zingiber officinale) (5 or 10 g per kg of
feed), which contains citral (a-citral 23.9% and B-citral 17.2%), did not affect final weight of
Nile tilapia (Oreochromis niloticus) after 55 days, but 15 g per kg of feed of this EO
decreased final weight compared to control fish (BRUM et al., 2017). Silver catfish fed 2 mL
EO of A. triphylla per kg of feed (a-citral 29.4% and B-citral 20.8%) improved growth of
silver catfish (ZEPPENFELD et al., 2016, 2017), but did not change growth of zebrafish
(Danio rerio) (ZAGO et al., 2018). Dietary addition of 1 or 3 mL of microencapsulated EO of
C. flexuosus (contains o-citral 45.7% and B-citral 32.1%), did not change growth parameters
of silver catfish, but the duration of the experiment was only 30 days and the fish were adults.
The group fed with 1 mL microencapsulated C. flexuosus EO per kg of feed increased carcass
yield and protein deposition, but reduced the gonadosomatic index and fat deposition in
comparison to the control group (RAMPELOTTO et al., 2018). Therefore, the effect of citral
and EOs containing this compound as major constituent on fish growth varies according to
the species and other compounds present in the EOs. A recent study demonstrated that the
addition of citral to the diet of C. undecimalis juveniles at equivalent levels and for the same
period is not beneficial, since oxidative damage was verified the liver and gills of the animals
(MORI et al., 2019).

There are no studies dealing with dietary addition of citral and digestive enzymes.

The dietary addition of the microencapsulated EO of C. flexuosus did not change the activity
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of intestinal trypsin and chymotrypsin in silver catfish (RAMPELOTTO et al., 2018). The
same authors suggested that the increased carcass yield and protein content verified in this
species were not due to an improvement in protein digestibility. The only study that analyzed
the effect of dietary EO supplementation and digestive enzymes activity in fish used the EO
of cinnamon, which contains different main compounds (IMANI et al., 2017). The increase in
the activity of the enzymes pepsin, amylase and lipase in common snooks that received diets
supplemented with citral may be due to an effort to improve the nutrient utilization efficiency.
However, no clear relationship between the effect of citral on digestive enzymes activity and

growth was observed.

CONCLUSION

The results obtained indicated that in spite of increasing the activity of some digestive
enzymes, dietary addition of citral does not improve common snook growth, even impairing it
at 0.5 mL citral per kg of feed. Therefore, dietary supplementation with citral is not

recommended for common snook.
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Table 1 - Water quality (mean + standard error) of the four independent recirculation systems

from a 45-day experiment with Centropomus undecimalis fed dietary citral supplementation.

CITRAL (mL per kg of feed)
Control 0.5 1.0 2.0

Temperature (°C) 31.42+0.06  31.49+0.06 31.81+0.04 31.62+0.04
Dissolved oxygen (mg L) 4.73£0.03 4.51 £0.07 476 +0.04  4.54+0.02
Dissolved oxygen (%) 75.75+0.05  73.22+0.51 75.58+0.64 72.04+0.50
Ph 8.17+0.01 8.14+0.01 8.19+0.01 8.22 +0.01
Salinity (ppt) 31.03+0.01  31.21+0.05 31.15+0.03 31.03+0.01
Alkalinity (mg CaCOs L) 102.16 + 102.66 + 102.33 £

12.41 12.37 5.87 102.24 +8.23
Nitrite (mg L) 0.27 £0.08 0.20+0.05 0.29+0.03 0.27 +£0.05
Total ammonia (mg L) 0.29+0.04 0.26 +£0.03 0.25+0.02 0.32+0.07
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Table 2 -Formulation (%) of the experimental diet and analyzed proximate average

composition.
Ingredients g kg!

Starch 140
Soy lecithin 10
Vitamins and  minerals 5
(premix)*
Fresh squid 120
Fish meal 700
Fish oil 24
Vitamin C 1

Composition (%)
Dry matter content 94.32
Protein 53.73
Ether extract 9.19
Mineral matter 20.73
Acid detergent fiber 2.04
Neutral detergent fiber 14.31

*Vitamin and mineral mixture (security levels per kilogram of product) — folic acid: 250 mg, pantothenic acid:
5,000 mg, antioxidant: 0.60 g, biotin: 125 mg, cobalt: 25 mg, copper: 2000 mg, iron: 820 mg, iodine: 100 mg,
manganese: 3750 mg, niacin: 5000 mg, selenium: 75 mg, vitamin A: 1,000,000 UL, vitamin B1: 1250 mg,
vitamin B12: 3750 mcg, vitamin B2: 2500 mg, vitamin B6: 2485 mg, vitamin C: 28,000 mg, vitamin D3:
500,000 UI, vitamin E: 20,000 UI, vitamin K: 500 mg, zinc: 17,500 mg.
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Table 3 -Zootechnical parameters (mean + standard error) of common snook, Centropomus

undecimalis fed dietary citral supplementation.

CITRAL (mL per kg of feed)
Control 0.5 1.0 2.0
22 3.86+£0.24% 2.72+0.23>  4.64 +0.24° 4.08 £ 0.26%
WG (g) 45  6.23£0.52* 2.14+0.23° 4.93+ 0.06% 5.91+0.432
SGR (% 22 3.97+£0.16°  3.11+0.19° 4.48+0.142 4.12+0.172
day™") 45  2.87+0.13? 1.42+0.07° 2.22+0.052 2.71+0.222
22 1.83£0.08®  2.21+0.09° 1.46+0.072 1.76+0.05%
FC(ggh 45 1.41+0.08? 2.36+0.13° 1.77+0.06* 1.50 £0.128
22 0.86+0.005" 0.784+0.006*  0.84+ 0.004° 0.85+0.02°
FK(gem?) 45 0.83£0.003* 0.78+0.006*°  0.80+0.018* 0.80+0.008*

WG = weight gain (g), SGR = specific growth rate, FC = feed conversion ratio, FK = condition factor. Different

lowercase letters indicate significant difference between the treatments using one-way ANOVA and Tukey's test

(p < 0.05)
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Digestive enzyme activity in common snook, Centropomus undecimalis fed 45 days

with feed supplemented with different levels of citral. A - amylase, B - lipase, C -

chymotrypsin, D — trypsin, and E - pepsin.
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ABSTRACT:
Essential oils from plants whose main compound is citral showed beneficial effects
when added to fish feed. Consequently, the aim of the present study was to evaluate
the effect of supplementation with citral on zootechnical parameters, intestinal
morphology and digestive enzymatic activity of the Brazilian sardine, Sardinella
brasiliensis. Juveniles were exposed to chronic stress by abrupt light change and fed
for 20 days on diets containing different amounts of citral (0.0 - control, 0.5, 1.0 and
2.0 mL per kg of diet). At the end of the experimental period, there was no statistical
difference for zootechnical parameters except for survival, in which all treatments
containing citral had higher results than the control. The highest activity of intestinal
lipase occurred in the treatment with 2.0 mL citral per kg of diet insertion. Fish fed
citral supplementation at 0.5 mL per kg presented higher villus diameter, while those
fed 2 mL kg had higher depth of the crypts than fish fed the control diet. We
concluded then that the crystal when added to the required species was beneficial

and protective in terms of survival.

Keywords: amylase, pepsin, lipase, growth
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1. Introduction

In aquaculture systems, photoperiod is regulated by timers that switch
illumination in stablished hours, and usually there is no graduation in the light
intensity changes. These sudden light-intensity variations can provoke changes in
fish locomotor response (Xie et al., 2019) and plasma levels of cortisol and glucose
(Ryu et al., 2020). In this context, the use of feed supplements arises as a potential
solution to improve animal welfare by the attenuation of stress responses (Bai et al.,
2015; Sneddon et al.,, 2016). Several essential oils (EOs) and their isolated
compounds have been used as dietary additives, improving growth and resistance to
stress and diseases (S6nmez et al., 2015; Brum et al., 2017; Zeppenfeld et al., 2016,
2017; Souza et al., 2019).

Citral is the major component of EOs extracted from different plants, as Aloysia
triphylla and Cymbopogon flexuosus, whose inclusion as dietary supplements
increased growth and improved oxidative status (Zeppenfeld et al., 2016, 2017),
carcass yield and protein deposition in silver catfish (Rhamdia quelen) (Rampelotto
et al., 2018). Biologically, citral has been listed as a promoter of anesthetic activity
(Sousa et al., 2015), sedative (Do Vale et al., 2002), antifungal (Ferreira et al., 2009)
and anti-inflammatory (Ortiz et al., 2010). Its use as a dietary supplement for fish is
still little known. Diets containing citral increased lysozyme activity, reduced
hemolytic activity and intestinal myeloperoxidase activity and reduced stomach pH in
silver catfish (Sutili et al. 2019). The activity of some digestive enzymes increased in
common snook (Centropomus undecimalis) fed diets supplemented with citral, but
without significant changes in zootechnical performance (Michelotti et al 2020) and

did not improve oxidative parameters and innate immunity (Mori et al., 2019).
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Species of the genus Sardinella are widely distributed around the world,
inhabiting the Atlantic, Indian and Pacific Oceans. Although species of great
importance to commercial fishing are included in this genus, abrupt variations in
capture occur annually (Jablonski, 2007), so captive production is an alternative to
supply existing demand. The Brazilian sardine (Sardinella brasiliensis) is
geographically isolated from other groups in the Atlantic Ocean (Cergole e Dias-
Neto, 2011) and it is one of the main marine resources from Brazil (FAO, 2016;
Gigliotti et al., 2010). This species has very favorable characteristics for aquaculture.
It has a well-established consumer market, a short life cycle, rapid growth and high
fecundity (Perin and Vaz-dos-Santos, 2014). Its feeding habits are based on phyto
and zooplankton (Schneider and Schwingel, 2000) and can take advantage of natural
feed in certain conditions of captivity and easily accepts artificial feed (Cerqueira et
al. 2020). The current study aimed to evaluate the effects of dietary citral
supplementation on growth, gastrointestinal morphometry and digestive enzymes
activity in Brazilian sardines exposed to stress caused by sudden light change for

photoperiod regulation.

2. Material and methods

2.1. Animals and rearing conditions

The experiments were performed in the Marine Fish Culture Laboratory
(LAPMAR) at the Federal University of Santa Catarina (UFSC), Floriandpolis, Santa
Catarina state, Brazil. Juvenile second generation (F2) of Sardinella brasiliensis
(initial weight 8.6 + 0.04 g and total length 9.7 + 0.04 cm) were obtained by

spontaneous spawning occurred in the broodstock tank as described by Magnotti et
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al. (2020). Larva and juvenile maintenance were carried out in accordance with
Cerqueira et al. (2020). The study was approved by the Ethics Committee on Animal
Experimentation of UFSC under registration n° PP00861/2013. The fish were
acclimated for four days to the experimental feed. Remains of food and feces were
removed daily through siphoning, and an average of 25% of the water was renewed.
The water parameters were checked daily (temperature, pH and dissolved oxygen)
or weekly (ammonia and nitrite) throughout the experimental period, as described by
Michelotti et al. (2018).

Juveniles (n=20 per tank) were randomly distributed in four water recirculation
systems with salinity 33.15 + 0.25 ppt and temperature 27.11 £ 0.11 °C. The pH was
maintained at 8.24 + 0.01, dissolved oxygen at 6.13 + 0.05 mg L™, nitrite 0.27 + 0.03
mg L' and total ammonia 0.2 + 0.01 mg L. Each recirculation system consisted of
three circular tanks (150 L). The water contained in these experimental units was
removed through a central pipeline with a bag filter (50 um), a biological filter, a foam
fractionator and an ultraviolet sterilizer (60 W). After treatment, water returned to the
experimental tanks. Fish were maintained on a photoperiod of 12 h light and 12 h
dark and the change in the light and dark cycle occurred abruptly (on-off switch).
Sardines of all treatments responded to these sudden light-intensity variations with

jumps and burst of rapid swimming movements.

2.2. Citral
Citral (a-citral=60.15%, B-citral=39.85%) was obtained from Sigma-Aldrich® (St.

Louis, Missouri, USA). The quantification of the isomers was described in Mori et al.

(2018).
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2.3. Diets and experimental design

Four diets based on the same initial formulation (Sterzelecki et al., 2017) were
produced, cold-dried at 16 °C and subsequently pelleted at 2 mm (Table 1). Different
amounts of citral (0O-control, 0.5, 1.0, 2.0 mL per kg of diet) were added to the mixture
together with fish oil prior to the drying and pelletizing processes. The experimental
design resulted in four groups (in triplicate). Fish received the experimental diets to
apparent satiety four times a day (9 a.m. and 1, 3 and 6 p.m.) for 20 days. The feed
was suspended 24 h prior to final sampling.

After 20 days, three fish from each tank (n = 9 animals per treatment) were
anesthetized with 50 mg L' of benzocaine and euthanized by sectioning of the spinal
cord. Stomach and intestine were removed and immediately frozen in liquid nitrogen.

The tissues were then stored at -20 °C for further analysis.

2.4. Zootechnical Parameters

At days 1 and 20 all fish were anesthetized with 50 mg L' benzocaine,
measured and weighed to calculate survival (S), weight gain (Wg), specific growth
rate (SGR) and feed conversion (FC) as described by Michelotti et al. (2018).
Survival was calculated by the equation: S=(IN-FN/IN)*100, where IN is the initial
number and FN is the final number of juveniles. Condition factor (K) was calculated
by the equation: K=(FW/FL3)*100, where FW is the final weight and FL is the final

length. Individual feed intake (g) was measured daily for each tank.

2.5. Digestive enzymes
Samples from stomach and intestine were homogenized in an ice bath at ratio

1:10 (tissue: homogenization buffer) with an Ultraturrax. The homogenization buffer
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solution was composed by 20 mM Tris/ 10 mM phosphate, pH 7.0 in 50% (v/v)
glycerol. The extract was centrifuged, and supernatant was utilized in assays as
enzyme source.

Amylase activity in the intestine was assayed in 0.2 M phosphate-citrate buffer, pH
7.0, 0.5% NaCl with a starch concentration of 2.5%. The reaction was stopped by
adding Ba(OH)2 0.3 N and ZnSO4 5%. The experimental protocol was modified
according to Bernfeld e Colowick (1955). The determination of starch hydrolysis was
done following Park and Johnson (1949). The absorbance was recorded at 660 nm.
One unit of enzyme was defined as 1 mmol of glycosyl-glucose released from starch
per min per mg of protein.

Lipase activity in the intestine was assayed as described by Gawlicka et al (2000)
and chymotrypsin and trypsin assays were performed according to Hummel (1959).
Pepsin activity in the stomach was assayed as described by Hidalgo, Urea & Sanz

(1999). Enzyme activities were calculated as described by Almeida et al (2018).

2.6. Intestinal histology

For histological analysis, samples of previous intestine portions were collected
immediately after slaughter, fixed in 10% formaldehyde, cleaved, dehydrated in
increasing alcohol, starting from 70% to absolute alcohol, diaphanized in xylol
(Xylene) and included in molten paraffin. After solidification, the blocks were
sectioned in a microtome, with a thickness of six micrometers, and the sections
adhered to histological slides. For staining, the H-E technique (hematoxylin-eosin)
was used. For morphometric analysis, the number of villiwas counted and the
intestine diameter and villus height were measured. Nine replicates of each treatment

were used to observe the histological structure of the intestine. In each one, for the
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diameter the intestine area was measured in the 4x magnification and after the ruler
was measured (Scalebar - correction factor with the same increase) and the height
was estimated in ten villi. Morphometry measurements were performed using ImageJ

software.

2.7. Statistical analysis

The results are expressed as mean + standard error. The Levene’s test was
performed to evaluate the homogeneity of variance of the data. Comparisons
between treatments were made by one-way ANOVA followed by Tukey’s test. All
analyses were performed using Statistica Software 7.0 (Stat Soft, Tulsa, OK, USA)
and the regression analysis was performed using Sigma Plot 11.0 software.

Differences were considered significant at p < 0.05.

3 Results

3.1. Zootechnical parameters

Survival of the sardines was low, and dietary addition of citral increased their
survival (Figure 1A). However, there was a significant “U” shape relationship between
dietary citral supplementation and weight gain, specific growth rate, feed conversion
rate and condition factor, with the worst value around 1.0 mL per kg of diet (Figures

1B, C, D, E).

3.2. Digestive enzymes
Amylase activity increased exponentially with the highest dietary citral level
(Figure 2A), and there was a significant positive relationship between lipase and

pepsin activities with dietary citral levels (Figures 2B, C).
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3.3 Intestinal histology

There were no significant changes or relationship between the height and
diameter of villi in the intestine of the fish fed different dietary citral levels (p> 0.05).
However, there was a significant positive relationship number of villi and crypta with

dietary citral levels (Figures 3B, D).

4. Discussion

The sudden light-intensity variations due to changes in night/day periods
provoked changes in the sardines swimming behavior, demonstrating that the fish
were stressed by these alterations. This is in agreement with the observed changes
locomotor response in zebrafish, Danio rerio exposed to sudden light-intensity
variations (Xie et al., 2019) and higher plasma glucose and cortisol levels in goldfish,
Carassius auratus raised in a similar light dimming system (Ryu et al., 2020).

The dietary addition of citral did not improve zootechnical parameters of S.
brasiliensis during the experimental period, and even impaired these parameters in
the intermediate doses tested. However, dietary citral supplementation increased the
survival of sardines in the stressful situation tested. Dietary citral addition (0.3 g citral
kg feed') had no effect on Atlantic salmon (Salmo salar) growth after 30 days
(Jensen et al., 2015). The dietary addition of ginger EO (Zingiber officinale) (5 or 10 g
kg feed"), which contains citral (a-citral 23.9% and B-citral 17.2%), did not affect the
final weight of Nile tilapia (Oreochromis niloticus) after 55 days, and 15 g kg feed™ of
this EO decreased the final weight compared to control fish (Brum et al., 2017). Silver
catfish fed with 2 mL of A. triphylla EO kg of feed' (a-citral 29.4% and B-citral 20.8%)
improved silver catfish growth (Zeppenfeld et al., 2017), but not alter that of zebrafish

(Zago et al., 2018). The same dietary citral levels used in the present study impaired
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zootechnical parameters and induced oxidative damage in the liver and gills of
common snook (Centropomus undecimalis) (Mori et al., 2019; Michelotti et al., 2020).
These results indicate that the effect of citral and EOs containing this compound as
feed additive for fish growth varies according to the species and the synergy of the
other compounds present in the EOs.

The use of EOs as feed additives had positive effects on digestion, stimulating
the secretion of digestive enzymes (Mitsch et al., 2004) and the intestinal microbial
community (Bento et al., 2013; Brenes & Roura, 2010; Franz et al., 2010; Giannenas
et al., 2013). In the present study the activity of the digestive enzymes as well as the
number of villi and crypta of sardines increased proportionally to the dose of dietary
citral. of sardines. Dietary addition of A. triphylla EO significantly increased intestinal
folds in silver catfish (Zeppenfeld et al., 2016), corroborating the results of the
present study.

In conclusion, dietary supplementation with citral was effective to increase
survival of Brazilian sardines submitted to a stressful situation. In spite of improving
the activity of some digestive enzymes, no beneficial effect was observed on growth

performance.
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Table 1 - Formulation (%) of the experimental diet and analyzed proximate average

composition

Ingredients g kg™
Fish's flour 200
Fish oil 66.1
Vitamins and minerals (premix) 8.0
Dextrin 40.0
Gelatine 206.3
Casein 110.3
Cellulose 20.0
Dibasic calcium phosphate

Composition (%)
Dry matter content 88.14
Protein 34.69
Lipids 8.79
Mineral matter 5.51
Carbohydrate 30.00
CHO: L 0.34
Energy (J / kg) 1491.00

*Vitamin and mineral mixture (security levels per kilogram of product) — folic acid: 250

mg, pantothenic acid: 5,000 mg, antioxidant: 0.60 g, biotin: 125 mg, cobalt: 25 mg,

copper: 2000 mg, iron: 820 mg, iodine: 100 mg, manganese: 3750 mg, niacin: 5000

mg, selenium: 75 mg, vitamin A: 1,000,000 Ul, vitamin B1: 1250 mg, vitamin B12:

3750 mcg, vitamin B2: 2500 mg, vitamin B6: 2485 mg, vitamin C: 28,000 mg, vitamin

D3: 500,000 UI, vitamin E: 20,000 Ul, vitamin K: 500 mg, zinc: 17,500 mg.
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399 Figure 1 — Zootechnical parameters of Brazilian sardine, Sardinella brasiliensis fed
400 dietary citral supplementation. A - Survival (%); B - weight gain (g); C - specific
401  growth rate (% day'); D - feed conversion ratio (g g'), E - condition factor (g cm™3).
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Figure 2 — Digestive enzymes activity in Brazilian sardine, Sardinella brasiliensis 20

days with feed supplemented with different levels of citral.

1.40

1.20 4

Amylase (Umg protel’n'1)

0.00

2.50 o

2.00

1.50 A

Lipase (Umg protein'1)
P
8

0.00 -

-0.50

-1.00

3.00

2.50 A

2.00 A

Pepsin (U mg protein™)

-0.50

-1.00

1.00 4

0.80

0.60 4

0.40 4

0.20 +

1.50 4

1.00

0.50 -

0.00

L) [
y =0.1132+-0.2714*x+0.2895
R? =0.9772
0.0 0.5 1.0 1.5 2.0 25
y = 0.2260+0.0703"x
R? =0.9704
: : :
0.0 0.5 1.0 1.5 2.0 25
y =0.1190+0.1518*x+-0.0467
: : R? :0‘8520
0.0 05 1.0 1.5 2.0 25

Citral (mL kg feed™")
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using one-way ANOVA and Tukey's test (P < 0.05)
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Figure 3 — Histological parameters of Brazilian sardine, Sardinella brasiliensis fed

with citral supplementation in the diet. A - villous height (um); B - number of villi; C -

villus diameter (um) ;D - Crypta (um).
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Figure 4 —Anterior portion of the intestine of Sardinella brasiliensis fed with different
levels of dietary citral supplementation.

0

i

0 (CON

TROL)

CITRAL (mL per kg of feed)




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

62

6. Manuscrito 2 — A ser submetido ao Journal Aquaculture Research
GROWTH, METABOLIC PARAMETERS AND DIGESTIVE ENZYMES OF MUGIL
LIZA FED DIETARY CITRAL SUPPLEMENTATION
Running title: citral as food additive for mullets
Bruna Tomazetti Michelotti@, Natacha Cossettin Mori®:¢, Caio Cesar Franca
Magnotti¢, Berta Maria Heinzmann®- ¢ Vinicius Ronzani Cerqueira?, Ana Paula Gotlieb
Almeida?, Bernardo Baldisserotto® ?
aGraduate Program in Animal Husbandry, Federal University of Santa Maria/
UFSM, 97105-900 Santa Maria, RS, Brazi. °Graduate Program in Pharmacology,
Federal University of Santa Maria/ UFSM, 97105-900 Santa Maria, RS, Brazil
¢Department of Health and Agricultural Sciences, University of Cruz Alta/UNICRUZ,
Rodovia Municipal Jacob Della Méa, s/n, 98020-290, Cruz Alta, RS, Brazil ?Marine
Fisheries Laboratory, Department of Aquaculture, Federal University of Santa
Catarina, 88061-600, Floriandpolis , SC, Brazil ®Department of Industrial Pharmacy,
Federal University of Santa Maria, 97105-900, Santa Maria, RS, Brazil 'Department
of Physiology and Pharmacology, Federal University of Santa Maria, 97105-900,

Santa Maria, RS, Brazil

*Corresponding author

Name: Bernardo Baldisserotto

E-mail: bernardo.baldisserotto@ufsm.br

Address: Department of Physiology and Pharmacology, Federal University of

Santa Maria - 97105-900 Santa Maria, RS, Brazil



26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

63

ACKNOWLEDGMENTS
The authors thank Conselho Nacional de Desenvolvimento Tecnolégico (CNPq,
Brazil) by research fellowships granted to B. Baldisserotto, V.R. Cerqueira and B.M.
Heinzmann and Coordenacao de Aperfeicoamento de Pessoal de Nivel Superior

(CAPES, Brazil) by PhD scholarships granted to B.T. Michelotti and A.P.G. Almeida.

ABSTRACT:
Essential oils from plants whose main compound is citral showed beneficial effects
when added to fish feed. Consequently, the aim of the present study was to evaluate
the effect of dietary supplementation with citral on the zootechnical and metabolic
parameters and digestive enzyme activity of mullets, Mugil liza. Juveniles were fed
for 45 days on diets containing different amounts of citral (0.0 - control, 0.5, 1.0 and
2.0 mL per kg of diet). At the end of the experimental period, the treatment with 2.0
mL of citral per kg of diet showed higher weight gain than the control treatment. Fish
fed 2.0 mL citral/kg of feed presented higher pepsin activity in the stomach and
amylase in the intestine than in the control fish. In conclusion, 2 mL citral/kg of feed is
beneficial for mullet growth and digestive activity, and can be recommended as a

food additive for this species.

Keywords: mullet, pepsin, intestinal enzymes, growth
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Introduction

Mullet (Mugil liza) is an euryhaline species and can be found along the west
coast of South America to the southern Caribbean sea (Siccha-Ramirez, Menezes,
Nirchio, Foresti, & Oliveira, 2014). The species described as M. liza and M. platanus
are the same species that occur in South Atlantic, prevailing the name M. liza
because it was discovered first (Heras, Roldan, & Castro, 2009; Menezes, Oliveira, &
Nirchio, 2010). This species has omnivorous or detritivorous habits, feeding on
benthic organisms (algae, copepods, foraminifera, amphipods, bivalves, gastropods
and coral) or microalgae and diatoms according to the availability of food in the
environment (Garcia et al., 2018; Thompson, Fortunato, Chiesa, & Volpedo, 2015).

A few studies analyzed the effects of dietary supplementation with vegetable
extractives to improve mullet (M. cephalus) growth, as Echinacea purpurea leaf
extract (Akbary & Kakoolaki, 2019), Ulva rigida water-soluble polysaccharide extract
(Akbary & Aminikhoei, 2018), and Camellia sinensis leaf-extract (Kakoolaki et al.,
2016). Essential oils (OEs) have also been analyzed as dietary supplements to
improve fish growth, to reduce stress, and by their antimicrobial and antioxidant
effects (Souza et al.,, 2019). The dietary addition of the EO of Aloysia triphylla
improved the growth and / or oxidative state of silver catfish Rhamdia quelen
(Zeppenfeld et al., 2016, 2017). The main compound of this EO is citral, a
monoterpenic aldehyde composed of the geometric isomers neral and geranial,
which can also be found in a wide variety of plants (Saddiq & Khayyat, 2010). Dietary
supplementation with citral reduced stomach pH in silver catfish (Sutili et al., 2019)

and in spite of increasing the activity of some digestive enzymes in common snook
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Centropomus undecimalis, did not improve weight gain (Michelotti et al., 2020) and
oxidative stress parameters (Mori et al, 2019).

Thus, the objective of the present study was to evaluate the effect of citral
dietary supplementation on zootechnical and metabolic parameters and digestive

enzyme activity of mullets.

2. Material and methods

2.1. Animals and rearing conditions

The experiments were performed in the Marine Fish Culture Laboratory
(LAPMAR) at the Federal University of Santa Catarina (UFSC), Florianépolis, Santa
Catarina state, Brazil. Juvenile Mugil liza (initial weight 6.69 * 0.06 g and total length
8.56 + 0.01 cm) were obtained by induced spawning of broodstocks as described by
Carvalho et al. (2019). Briefly, the first female hormonal injection was 20 mg kg™ of
carp pituitary extract. After 24 h, the females received the second application, with
300 ug kg™! of LHRHa and all males received an injection with 150 ug kg™ of LHRHa.

Juveniles (n=30 per tank) were randomly assigned to four independent water
recirculation systems (with no communication between them) with salinity 32.19 %
0.18 and temperature of 27.11 £ 0.11 °C. The pH was maintained at 7.58 = 0.13,
dissolved oxygen at 5.16 + 0.16 mg L™, alkalinity 103.65 + 0.34 mg CaCO3 L™, nitrite
0.2 + 0.04 mg L"and total ammonia 0.2 + 0.05 mg L-'. Each recirculation system
consisted of three circular tanks (150 L). The water contained in these experimental
units was removed through a central pipeline with a bag filter (50 uym), a biological
filter, a foam fractionator and finally the ultraviolet sterilizer (60 W). After treatment,

water returned to the experimental tanks. The fish were acclimated for four days to
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the experimental feed. Remains of food and feces were removed daily through
siphoning, and an average of 25% of the water was renewed. The water parameters
were checked daily (temperature, pH and dissolved oxygen) or weekly (alkalinity,
total hardness, ammonia and nitrite) throughout the experimental period.

The study was approved by the Ethics Committee on Animal Experimentation of

UFSC under registration n° PP00861/2013.

2.2. Citral

Citral (a-citral=60.15%, B-citral=39.85%) was obtained from Sigma-Aldrich® (St.
Louis, Missouri, USA). The density of citral was 0.88 g-cm 3. The quantification of
the isomers was performed with an Agilent 6890A gas chromatograph coupled to an
Agilent Mass Selective Detector MSD 5973 with an HP-Chiral capillary GC column
(30 m x 0.25 mm i.d. x 0.25 ym film thickness) and operated in electron ionization
mode at 70 eV. Helium was the carrier gas at a flow rate of 1.0 mL min ', injector
temperature was set at 250 and detector at 280 °C. Oven temperature was
maintained at 40 °C for 4 min and then raised to 240 °C at a rate of 4 °C min .
Sample solutions of 1 yL (2:1000 in hexane, v/v) were injected in split mode. A
homologous series of n-alkanes (C8-C40) was injected under the same conditions of
the samples to calculate the Kovats retention indices. The constituents were
identified by means of mass spectrometry and Kovats retention index was compared
to data from the National Institute of Standards and Technology Mass Spectral

Library (NIST, 2008).

2.3. Diets and experimental design
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Four diets based on the same initial formulation (Michelotti et al.,2018) were
produced, dried in an oven at 40 °C and subsequently pelleted at 6 mm (Table 1).
Different amounts of citral (0-control, 0.5, 1.0, 2.0 mL per kg of diet) were added to
the mixture together with fish oil prior to the drying and pelletizing processes. The
experimental design resulted in four groups (in triplicate). All feeds were kept in a
refrigerator up to 2 h before administration to the mullets. Fish received the
experimental diets to apparent satiety four times a day (9 and 12 a.m., 3 and 6 p.m.)
for 45 days. Feeding was suspended 24 h prior to final sampling.

After 45 days, three fish from each tank (n = 9 animals per treatment) were
anesthetized with 50 mg L' of benzocaine and euthanized by sectioning of the spinal cord.
Liver, muscle, stomach and intestine were removed and immediately frozen in liquid nitrogen.

The tissues were then stored at -20 °C for further analysis.

2.4. Zootechnical Parameters

At days 1 and 45 all mullets were anesthetized with 50 mg L' benzocaine,
measured and weighed to calculate weight gain (Wg), specific growth rate (SGR) and
feed conversion (FCR) as described by Michelotti et al. (2018). Condition factor (K)
was calculated by the following equation: K=(FW/FL3)*100, where FW is the final
weight and FL is the final length. Individual feed intake (g) was measured daily for
each tank. The animals were kept at 12 hours light / 12 hours dark with lights on at 8

am.

2.5. Digestive enzymes
Samples from stomach, anterior and posterior intestine were homogenized in
an ice bath at ratio 1:10 (tissue: homogenization buffer) with an Ultraturrax. The

homogenization buffer solution was composed by 20 mM Tris/ 10 mM phosphate, pH
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7.0 in 50% (v/v) glycerol. The extract was centrifuged, and supernatant was utilized
in assays as enzyme source.

Pepsin activity was assayed by the specific methods of Hidalgo et al. (1999).
The pepsin substrate was 1.5% casein in 0.2 M KCI (pH 1.8). Reactions were carried
out at 30 °C for 40 min, stopped with 15% TCA, and the optical density of the
supernatant recorded at 280 nm against tyrosine as standard. Specific activity was
expressed in U mg protein' (U= umol of hydrolyzed substrate min' mg of protein).
Trypsin and chymotrypsin activities were assayed according to Hummel (1959). The
trypsin substrate was 1.04 nM TAME-HCI (p-toluene-sulfonyl-L-arginine methyl ester
hydrochloride) in 0.01 M CaCl2/0.2 M Tris-HCI (pH 8.1), incubated at 25 °C and
optical density followed at 247 nm for 60 s. The chymotrypsin substrate was 1 mM
BTEE (n-benzoyl-L-tyrosine ethyl ester) in methanol 2:3 (v/v), assayed in 0.1 M
CaCl2/0.1 M Tris-HCI (pH 7.8) at 30 °C, and the optical density of supernatant was
followed at 256 nm for 60 s. The trypsin and chymotrypsin activities were expressed
U mg protein (U= ymol of arginine min' mg of protein"' and pmol of tyrosine min-!
mg of protein', respectively). Lipase activity was assayed by the specific method of
Gawlicka et al. (2000). Reaction was incubated with 0.4 mM p-nitrophenyl myristate
in 24 nM ammonium bicarbonate (pH 7.8) with 0.5% Triton X-100 at 30 °C for 30 min.
The reaction was stopped with 10 mM NaOH and the optical density followed at 405
nm. Specific activity was expressed in U mg protein' (U= pumol of hydrolyzed
substrate min' mg of protein’'). Amylase activity was assayed in 0.2 M phosphate-
citrate buffer, pH 7.0, 0.5% NaCl with a starch concentration of 2.5%. The reaction
was stopped by adding Ba(OH)2 0.3 N and ZnSO4 5%. The experimental protocol
was modified in accordance to Bernfeld (1955). The determination of starch

hydrolysis was made following Park and Johnson (1949). The absorbance was
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recorded at 660 nm. Specific activity was expressed in U mg protein' (U= pmol of
glicosil-glucose min' mg of protein'). To establish the specific activities of the
enzymes, protein concentrations were determined in the enzyme extracts by the

method of Lowry et al. (1951), with bovine albumin as standard.

2.6. Metabolic parameters

Liver and muscle were weighed and homogenized with 1 mL of trichloroacetic
acid 10% to obtain an acid deproteinized extract using a homogenizer TURRAX type
(Marconi Equipment for Laboratory Industry Ltda, Sao Paulo, Brazil). The tissue
homogenates were centrifuged at 917 x g for 5 min at 4 °C. Glucose and lactate were
measured in liver and muscle according to Dubois et al. (1956) and Harrower and

Brown (1972) methods, respectively.

2.7. Statistical analysis
The results are expressed as mean = standard error. The Levene’s test was
performed to evaluate the homogeneity of variance of the data. Comparisons among
treatments were made by one-way ANOVA followed by Tukey’s test. All analyses
were performed using Statistica Software 7.0 (Stat Soft, Tulsa, OK, USA), and

differences were considered significant at P < 0.05.

3. Results

3.1. Zootechnical parameters
Specific growth rate, condition factor and feed intake had no statistical

differences among treatments. Weight gain was higher in fish fed 2 mL citral per kg
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diet than in those fed the control diet, while feed conversion was lower in fish fed

citral-supplemented diets (figure 1). Survival throughout the experiment was 100%.

3.2. Digestive enzymes

Fish fed 2.0 mL citral per kg of feed presented higher pepsin activity in the
stomach than fish fed control and 1.0 mL citral per kg of feed. The activity of amylase
in the intestine was also higher in fish fed 2.0 mL citral per kg of feed than in control
fish. The activities of trypsin, chymotrypsin and lipase were not affected by citral

supplementation (fig. 2).

3.3 Metabolic parameters

Fish fed 0.5 mL citral per kg of feed presented lower glucose levels in the liver
than fish fed the control and 2 mL citral per kg of feed diets. Muscle glucose levels
did not differ among the treatments. Liver lactate levels were higher in fish fed 2 mL
citral per kg of feed than those fed the control diet, while muscle lactate levels were
lower in fish fed 0.5 and 1.0 mL citral per kg of feed diets than in fish fed the control

diet (table 2).

4. Discussion

Feed additives have been used for terrestrial and aquatic animals to
ameliorate the digestive process and thus improve zootechnical indices (Nunes et al.,
2012). The use of these additives may have positive effects on digestion and

intestinal microbial community (Bento et al.,, 2013; Brenes & Roura, 2010; Franz,
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Baser, & Windisch, 2010; Giannenas, Bonos, Christaki, & Florou-Paneri, 2013; Zeng,
Zhang, Wang, & Piao, 2015).

The improvement in the weight gain and feed conversion parameters in
mullets fed the diet containing the highest level of citral (2.0 mL/kg of feed) is in
accordance with the higher growth observed in silver catfish fed a diet containing the
same level of the citral-rich EO of A. triphylla (Zeppenfeld et al., 2016). However,
dietary citral supplementation at 0.5 mL/kg of feed reduced growth of common snook
and higher levels did not change growth of this carnivorous species (Michelotti et al.,
2020).

Some studies suggest that the activity of digestive enzymes in fish is
modulated by the diet and / or the feeding habits of the species (Chan, Horn,
Dickson, & Gawlicka, 2004; Drewe, Horn, Dickson, & Gawlicka, 2004; Fernandez,
Moyano, Diaz, & Martinez, 2001; Langeland, Lindberg, & Lundh, 2013; Solovyev,
Kashinskaya, lzvekova, Gisbert, & Glupov, 2014). However, other studies refute this
hypothesis (Almeida et al., 2018; Lopez-Vasquez, Castro-Pérez, & Val, 2009). We
can hypothesize that the activity of digestive enzymes behaves in a compensatory
manner, ie, being more active on lower digestibility compounds in order to improve
the absorption of these nutrients. According to Garcia et al. (2018), M. liza has the
ability to enrich its diet depending on the habitat in which it operates. This brings us
to a high plasticity regarding digestive enzymes.

Improvement in digestion by stimulating the secretion of digestive enzymes is
a possible mechanism of action of EOs (Mitsch et al., 2004). In the present study,
mullets fed the highest citral supplementation presented higher activity of pepsin and
amylase than fish fed the control diet, which could explain the higher weight gain of

his fish. However, dietary citral supplementation (0.5 mL/kg of feed) increased
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pepsin, amylase and lipase activities but reduced growth of common snook
(Michelotti et al., 2020). Apparently, mullet has more flexibility on its digestive
processes than the carnivorous common snook, which can justify this difference on
citral effect.

The higher lactate level in the liver and muscle of fish fed 2 mL citral per kg of
feed can be explained by a possible stimulation of the microintestinal flora caused by
the highest dietary citral level. A lower dietary citral supplementation (0.25 mL citral
per kg of feed) altered bacterial population in the intestine of silver catfish (Sutili et
al., 2019). The gastrointestinal flora has lactic acid bacteria that produce lactate as a
product of its metabolism (fermentation). Lactic acid bacteria have already been
tested as probiotics for fish and showed effects in several species such as snooks,
Centropomus spp. (Barbosa et al., 2011), tilapia, Oreochromis spp, (Jatoba et al.,
2011) and shrimps, Litopenaeus vannamei, (Vieira et al., 2007), due to their ability to
colonize the digestive tract, altering dominance of intestinal microbiota and promoting
improvement in the immune system of animals (Carnevali et al., 2006; Jatoba et al.,
2008; Vieira et al., 2008). Homeostatic changes in intestinal function may be
influenced by probiotic bacteria, natural bioactive products and dietary components
(Abid et al., 2013; Balcazar et al., 2008; Burr, Gatlin Ill, & Ricke, 2005; Burrells,
Williams, Southgate, & Wadsworth, 2001; Ringg et al., 2010; Romarheim, @verland,
Mydland, Skrede, & Landsverk, 2010).

Our study meets a growing demand for growth promoters with greater
biodegradability and lower environmental impact both in their manufacture and in the
residual effect. In conclusion, 2 mL citral per kg of feed is benefic for mullet growth

and digestive activity and can be recommended as a food additive for this species.
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TABLES

Table 1 - Formulation (%) of the experimental diet and

analyzed proximate mean composition

Ingredients g kg™
Starch 140
Soy lecithin 10
Vitamins and minerals 5
(premix)*

Fresh squid 120
Fish meal 700
Fish oil 24
Vitamin C 1
Composition (%)
Dry matter content 94.32
Protein 53.73
Ether extract 9.19
Mineral matter 20.73
Acid detergent fiber 2.04
Neutral detergent fiber 14.31
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*Vitamin and mineral mixture (security levels per kilogram of product) — folic acid:

250 mg, pantothenic acid: 5,000 mg, antioxidant: 0.60 g, biotin: 125 mg, cobalt: 25

mg, copper: 2000 mg, iron: 820 mg, iodine: 100 mg, manganese: 3750 mg, niacin:

5000 mg, selenium: 75 mg, vitamin A: 1,000,000 Ul, vitamin B1: 1250 mg, vitamin

B12: 3750 mcg, vitamin B2: 2500 mg, vitamin B6: 2485 mg, vitamin C: 28,000 mg,

vitamin D3: 500,000 UlI, vitamin E: 20,000 Ul, vitamin K: 500 mg, zinc: 17,500 mg.
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Table 2 - Glucose and lactate levels in the muscle and liver of Mugil liza fed different
dietary citral levels. Values are expressed as mean + standard error. Different letters

indicate significant difference between treatments (one-way ANOVA and Tukey test,

P <0.05).
CITRAL (mL per kg of feed)
0.0 (control) 0.5 1.0 2.0
27211 £ 32.24
GL 3124 £15.022 197.31+9.27° 327.82 £ 26.16°
ab
187.83 £ 11.02 212.13 + 5.53 240.49 + 20.29
GM 203.1 £23.94°
a a a

LL 1.38+0.192 1.84+0.053 1.70+0.08 & 224+011°

LM 3.48 £0.35% 1.79+0.24° 1.95+0.27° 2.33+0.172°

GL- glucose in the liver, GM- glucose in the muscle, LL- lactate in the liver, LM-

lactate in the muscle. All parameters are in umol g tissue™.
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FIGURE CAPTIONS

Figure 1 - Zootechnical parameters of mullet, Mugil Liza fed 45 days with feed
supplemented with different levels of citral. (a) feed conversion ratio, (b) weight gain,
(c) condition factor, (d) standard growth rate, (e) individual feed intake. Different
letters indicate significant differences between the treatments using one-way ANOVA

and Tukey's test (p <0.05)

(a) (b)

2.0 a 151
c b
151 be N ab  ab
- b a 1
o 1.0 ==
o o
0.5 51
0.0 T T 0 r
o® & N a® o® & £ 4D
Citral (g per kg feed) Citral (g per kg feed)
©,. (.
3 a =] - 34 a 2
@ a a > a a
£ 3
& 2 = 24
1 14
0 T 0 T
N Ny a® o° & Ny Q®
Citral (g per kg feed) Citral (g per kg feed)
(e)
20+
a
a a
15 a
- e
‘o
< 10
o
54
0
N Q?>° N 4

Citral (g per kg feed)



546

547

548

549

550

551
552

553

554

555

556

557
558
559
560

81

Figure 2 Digestive enzyme activity in the stomach: (a) pepsin and intestine (b)

amylase, (c) trypsin, (d) lipase, (e) chymotrypsin of mullet, Mugil Liza fed 45 days

with feed supplemented with different levels of citral. Different letters indicate

significant differences between the treatments using one-way ANOVA and Tukey's

test (p < 0.05)
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Digestive enzyme activity in the stomach (pepsin — a) and intestine (amylase — b,

trypsin — c, lipase — d, chymotrypsin — e) of mullet, Mugil Liza fed 45 days with feed

supplemented with different levels of citral. Different lowercase letters indicate

significant difference between the treatments using one-way ANOVA and Tukey's

test (p < 0.05)



82

7 DISCUSSAO GERAL

Devido a diferenga de plasticidade gastrintestinal das espécies estudadas, esperava-se
ocorréncia de diferengas tanto de aproveitamento dos alimentos, quanto ao que se refere a
absorcdo e aos efeitos do citral no organismo dos peixes em relagdo aos parametros testados.
Tal hipotese foi confirmada, pois no menor nivel de insercdo de citral, o robalo (carnivoro)
apresentou valores mais baixos dos parametros zootécnicos, ao passo que a sardinha (onivora)
ndo apresentou qualquer diferenca estatistica em relagdo a esses parametros. A tainha
(detritivora), por sua vez, submetida ao maior nivel de insercdo de citral, apresentou maior
ganho de peso em relagdo ao grupo controle.

Por terem uma dieta bastante variavel, os onivoros sdo considerados mais aptos a
flexibilidade adaptativa do trato digestorio que os carnivoros, que possuem uma alimentacdo
mais restrita ¢ uma menor capacidade de modulacdo gastrintestinal. Peixes onivoros e
fitoplanctofagos ingerem alimentos de menor digestibilidade e apresentam, em geral,
intestinos mais longos se comparados aos peixes carnivoros (ROTTA, 2003).

Portanto, relacionado a este trabalho existem duas adaptagdes gerais, conforme o
habito alimentar:

a) os herbivoros, que apresentam uma grande ingestdo de alimentos e um célere
transito intestinal, motivo pelo qual possuem superficie absortiva distribuida em um longo
intestino com mucosa pouco pregueada, o que permite que o alimento permanega mais tempo
em contato com as enzimas, com o intuito de aumentar a eficacia da digestdo, compensando o
baixo valor nutritivo do alimento ingerido; e

b) os carnivoros, que, apesar de apresentarem intestino curto, possuem transito
intestinal mais lento, o que favorece a difusdo dos nutrientes para dentro das numerosas e
profundas pregas que existem na mucosa intestinal antes de serem absorvidos, bem como
ingerem alimentos de maior qualidade nutricional (ROTTA, 2003).

No que tange as tainhas, os resultados foram os seguintes: a) submetidas ao tratamento
0,5 mL de citral por kg de racdo, apresentaram reducao na glicose hepatica; b) submetidas ao
tratamento de 2,0 mL de citral por kg de rag@o, obtiveram alto valor de lactato hepatico, bem
como maior ganho de peso. Considerando que a tainha é um peixe detritivoro, € possivel que
as bactérias e os protozodrios existentes nas particulas de detritos ingeridos tenham
funcionado como fonte essencial de nutrientes aos animais, sendo importantes também pela

participagdo na decomposicdo de material vegetal (ODUM, 1970). Ndo se pode, portanto,
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descartar a hipdtese desses microorganismos terem influenciado na resposta dessa espécie a
adicao de citral na ragao.

Os fitoquimicos também podem ter exercido um efeito semelhante ao prebiotico no
ambiente intestinal, modulando a composi¢ao bacteriana do intestino (LAPARRA; SANZ.,
2010). Isso porque eles podem agir diretamente na populacdo bacteriana, por meio de
diferentes mecanismos de acdo (causando danos & membrana bacteriana ou suprimindo
fatores de viruléncia), inibindo a atividade de enzimas ¢ toxinas e¢ a formagdo de biofilme
bacteriano (BARBIERI et al., 2017). Essas moléculas bioativas podem induzir mudangas
positivas na morfologia intestinal, bem como fornecer atividades anti-inflamatérias e
antioxidantes. Além disso, os fitoquimicos também influenciam a quantidade e o tipo de
secrecdes produzidas pela mucosa intestinal, alterando as propriedades fisicas e quimicas do
ambiente intestinal (SUTILI et al., 2018).

Entende-se-se, portanto, que, apesar de seus efeitos multi-benéficos, o citral continua
sendo uma molécula instavel, principalmente em ambientes acidos e ndo soluvel em agua
(WEERAWATANAKORN et al., 2015).

As sardinhas demonstraram diferenga de morfologia intestinal, pois apresentaram
aumento de profundidade de criptas e maior didmetro de vilosidades nos diferentes
tratamentos aos quais foram submetidas. Como a ingestdo ocorreu na forma oral, no caso do
presente estudo, implementado na rag@o, espera-se que o composto bioativo venha a ser
absorvido no trato gastrintestinal, mais precisamente no intestino. O fato de a tainha e a
sardinha possuirem um maior comprimento de intestino em relacdo ao robalo faz com que o
citral tenha mais tempo de contato e absor¢do nessas espécies. A fungdo intestinal também
esta correlacionada com a dieta natural entre os peixes: peixes herbivoros possuem maior
capacidade intestinal para processar e absorver glicose que peixes carnivoros (DAY;
TIBBETTS; SECOR, 2014; GERMAN; HORN, 2006; HIDALGO; UREA; SANZ., 1999),
enquanto também exibem taxas mais baixas de captacdo intestinal de prolina em comparacdo
com espécies carnivoras (BUDDINGTON; CHEN; DIAMOND, 1987) .

Houve uma resposta em comum em todos os experimentos: maior atividade de uma ou
mais enzimas digestivas.

No tocante a flexibilidade fenotipica do trato gastrintestinal, em resposta as alteracoes
na dieta, apesar de ocorrer nos diferentes habitos alimentares, a mesma se destaca em
onivoros e herbivoros (BALDISSEROTTO, 2013). A caracteristica mais evidente de
modulacdo morfofisioldgica em peixes € a variacdo do comprimento do trato gastrintestinal

(FRACALOSSI; CYRINO, 2013). A plasticidade intestinal ¢ um mecanismo apresentado por
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esses individuos frente a diversificada alimentacdo para adequar o trato a fim de obter uma
melhor absor¢io (DABROWSKI; PORTELLA, 2005), considerando que a grande maioria
das espécies € oportunista, alimentando-se de itens disponiveis no meio em que se encontram
(NRC, 2011). Sutili et al (2019) testaram citral na alimentacao para o jundia e verificaram que
houve uma redugdo do pH do estdmago e um aumento do pH do intestino, assim como uma
redugdo da populagdo bacteriana total no intestino dos peixes. Essa alteracdo de pH também
pode influenciar a atividade das enzimas digestivas, fazendo com que aumentem ou

diminuam sua atividade.
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8 CONCLUSAO

De acordo com o material apresentado, conclui-se que o citral, utilizado como aditivo
na ragdo para peixes, ¢ benéfico, e indicado para espécies de intestino longo, como a tainha e
ndo indicado para peixes de intestino curto, como o robalo. Acrescenta-se que diante das
diferentes respostas das espécies aos tratamentos aos quais foram submetidas, a estratégia de
suplementagdo na dieta da sardinha, com maior tempo de exposi¢do, aparece como um

caminho interessante para trabalhos futuros.
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