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1. Resumo
O presente estudo avaliou a atividade enzimas gastrica (pepsina), intestinal (aminopeptidase e

fosfatase alcalina) e pancreas (tripsina, amilase, lipase, protease) no desenvolvimento embrionario e
larval de tilapia do Nilo, Oreochromis niloticus obtido a partir de reprodutores alimentados com dietas
contendo quatro niveis de proteina bruta. O experimento foi realizado no periodo de janeiro a junho/2014,
utilizando 144 fémeas e 48 machos (3: 1) distribuidas em 16 hapas (12 peixes/hapa). Foram utilizados
quatro tratamentos, composto pelos seguintes niveis de proteina bruta (PB): 32, 38, 44 ¢ 50%, com
quatro repeticdes. Os ovos foram pesados (mg), quantificados, mantidos em incubadoras (2,0 L), e
separadas de acordo com o tratamento. Vinte e quatro (24) amostras (300,0 mg) por tratamento e quatro
(4) amostras por estdgio de desenvolvimento embriondrio e larval [clivagem SO-, S1- blastula, S2-
gastrula, S3- eclosao, S4- sete dias ap6s o nascimento e S5- 10 dias apds o nascimento] foram recolhidos,
mantidos em tubos criogénicos e colocado em azoto liquido (-196.0°C) até ao momento em que as
enzimas digestivas foram analisados. Nao houve diferengas entre os valores (P> 0,05) de pepsina,
aminopeptidase, tripsina e amilase. No entanto, observaram-se valores diferentes (P <0,05) para a
fosfatase alcalina (7 dias pos-nascimento), da lipase (blastula) e protease (blastula e incubag¢do) no que
diz respeito aos quatro tratamentos. Os resultados mostraram que dietas com niveis de proteina bruta
oferecida a reprodutores de tildpia do Nilo influenciaram a atividade de enzimas digestivas durante
periodos embrionario e larval, enfatizando que os nutrientes ingeridos pela mae foram transferidos para
a prole. Assim, mais estudos sobre dietas de reprodutores devem ser conduzidos a fim de fornecer
informagdes adicionais, ndo s6 no que diz respeito aos niveis de proteina, mas também de energia,
vitaminas e minerais, bem como, a intera¢do entre eles e a utilizacdo desses como biomarcadores

fisioldgicos para uma piscicultura bem sucedida.

Palavra-chave: ciclideo, embriogénese, fisiologia digestiva, reproducao
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2. Abstract

The present study assessed the activity of gastric (pepsin), intestinal (aminopeptidase and
alkaline phosphatase) and pancreatic (trypsin, amylase, lipase, protease) enzymes on the embryonic and
larval development of Nile tilapia, Oreochromis niloticus, obtained from broodstock fed diets with four
levels of crude protein. The experiment was carried out from January to June/2014, using 144 females
and 48 males (3:1) distributed in 16 hapas (12 fish/hapa). Four treatments were used, composed of the
following levels of crude protein (CP): 32, 38, 44 and 50 %, with four replications. The eggs were
weighed (mg), quantified, kept in hatcheries (2.0 L), and separated according to treatment. Twenty-four
(24) samples (300.0 mg) per treatment and four (4) samples per stage of embryonic and larval
development [SO- cleavage, S1- blastula, S2- gastrula, S3- hatching, S4- 7 days posthatch and S5- 10
days posthatch] were collected, kept in cryogenic tubes and placed in liquid nitrogen (-196.0°C) until
the moment the digestive enzymes were analyzed. There were no differences between the values (P>0.05)
of pepsin, aminopeptidase, trypsin, and amylase. However, different values were observed (P<0.05) for
alkaline phosphatase (7 days posthatch), lipase (blastula), and protease (blastula and hatching) with
regard to the four treatments. The results showed that diets with levels of crude protein offered to Nile
tilapia broodstock influenced the activity of digestive enzymes during embryonic and larval
periods, emphasizing that the nutrients ingested by the broodfish were transferred to the progeny. Thus,
more studies on diets of broodstock should be conducted in order to provide additional information, not
only with regard to levels of protein, but also energy, vitamins and minerals, as well as the interaction

between them, and the use of physiological biomarkers for a successful fish farming.

Keywords: cichlids, embryogenesis, digestive physiology, reproduction
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3. Introducao

3.1 Aquicultura e tilapia-do-nilo, Oreochromis niloticus
A producdo de pescado mundial tem crescido constantemente nas Ultimas cinco décadas, com

uma taxa média anual de 3,2 %, alcangcando 158 milhdes de toneladas em 2012, na qual 136,2 milhdes
de toneladas (69,9 milhdes de toneladas da pesca e 66,6 milhdes de toneladas da aquicultura) foram
destinados ao consumo humano. Dos peixes comestiveis cultivados em 2012, 92 % sao oriundos de 12
paises produtores, destacando-se a China (41 milhdes de toneladas) e a India (4,2 milhdes de tonela-
das). O Brasil se encontra classificado mundialmente na 12% posi¢do do ranking com 1,1 % (707.462
mil toneladas), representando 611.343 toneladas de peixes, 74.415 toneladas crustaceos, 20.699 tonela-
das moluscos e 1.005 toneladas de outras espécies (FAO, 2014), sendo que em 2013 a produgdo de
pescado foi de 1.241.807 toneladas (765.287 mil toneladas da pesca e 476.512 mil toneladas da aquicul-
tura), tornando-se o pais que mais cresceu no mercado nacional de carnes no periodo (MPA/IBGE,
2013). Baseado nesses dados, nota-se que esse desenvolvimento deve continuar até 2030 estimando que
a aquicultura serd responsavel por mais de 60 % da producdo mundial de pescado para consumo humano
(MPA, 2015).

Esse desenvolvimento em curto prazo deve-se ao Brasil se destacar como um pais com capaci-
dade para expansao da aquicultura, apresentando potencial hidrico, diversidades de espécies, microcli-
mas e areas adequadas ao desenvolvimento da atividade, além de apresentar condi¢des favoraveis para
o mercado consumidor interno e externo (Borghetti et al., 2003). As maiores produtividades aquicolas
estdo nas regides nordeste e sul e dentre as espécies mais cultivadas, destaca-se a tilapia-do-nilo.

As tilapias dos géneros Oreochromis, sio nativas da Africa, Israel e Jordania (Hempel, 2002) e
constitui o segundo grupo de peixes de maior importancia em termos de produtividade na aquicultura
mundial, precedido pelos ciprinideos (Atwood et al., 2003). Sua producdo concentra-se em paises que
apresentam climas tropical e subtropical (Ramos et al., 2003). Com isso, o destaque desta espécie na
piscicultura € notado a presenca de inumeras caracteristicas zootécnicas favoraveis como rusticidade,
crescimento rapido, boa adaptagdo a alimentos artificiais, conversdo alimentar e ganho em peso, além
de apresentar saborosa carne branco com excepcional aceitagdo no mercado consumidor e principal-
mente devido a auséncia de espinhos (Cyrino & Conte, 2006).

O progresso da tilapicultura tem induzido a intensificacdo dos cultivos, provocado principal-
mente pela maior demanda desse alimento no mercado. Com isso, as tilapias tailandesas que foram in-
troduzidas no Brasil, em 1996, vem sofrendo processo de melhoramento genético, afim de selecionar

caracteristicas que favorecam a producdo. Segundo Zimmerman (2003), o programa de melhoramento
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genético, o Genetic Improved Farmed tildpia (GIFT) envolveu quatro linhagens silvestres e quatro li-
nhagens confinadas e, estudos realizados em Bangladesh comparando o crescimento da linhagem GIFT
com as linhagens ndo selecionadas, constataram que o ganho médio de peso foi de 40 a 57 % superior

para a linhagem GIFT (Kubtiza et al, 2006).

3.2 Nutric¢ao aliada a reproducao

Segundo Carter e Houlihan (2001) a nutrigdo de peixes ¢ um ramo da fisiologia que se destina
ao estabelecimento da relagdo entre ragdo e crescimento, a comparacgao entre possiveis ingredientes ali-
mentares e a determinagdo das exigéncias nutricionais das espécies. Além disso, tem-se dado bastante
aten¢do a avaliacdo do significado das respostas obtidas, pois a nutri¢do fornece matérias primas para a
manuten¢do da vida. A dieta ofertada aos animais deve conter os nutrientes e recursos energéticos es-
senciais ao crescimento, reproducdo e saude e, seu valor nutricional ¢ avaliado, em primeira instancia,
pela presenca dos elementos necessarios e cataliticos (minerais e vitaminas), suprimento em alimentos
auxiliares (4gua) e balanco adequeado entre alimentos energéticos e construtores (proteinas, carboidratos
e lipideos).

Aliada a nutri¢do ¢ sabido que a reproduc¢ao € o processo bioldgico importante dos organismos,
ja que dela depende a sobrevivéncia e perpetuacio das espécies, por isso, a possibilidade e controlar o
ciclo reprodutivo dos organismos submetidos a condi¢des de confinamento ¢ um dos fatores de maior
importancia para assegurar o éxito da piscicultura (Romagosa et al., 2003). Além disso, sabe-se que a
interrelacdo entre a nutri¢do e a reproducao € um ponto complexo, uma vez que, segundo Takeuchi et
al. (1981) estudando Oncorhynchus mykiss mostraram os efeitos positivos e negativos nas desovas em
funcdo da dieta ofertada aos reprodutores.

A nutrigdo por sua vez pode influenciar diretamente a reprodugao por meio de nutrientes especi-
ficos necessarios para os processos do desenvolvimento dos foliculos ovarianos, ovulagdo, maturagdao
oocitaria, fertilizac¢do, sobrevivéncia embrionaria e, indiretamente, nas concentragdes circulantes de hor-
monios e outros metabolitos sensiveis aos nutrientes que sdo requeridos para o €xito destes proces-
sos (Robinson et al, 2006). Esses fatos estdo de acordo com Bromage et al. (1998) que evidenciaram o
conhecimento nutricional como requisito para reprodutores, pois afeta significativamente as taxas de
fecundidade, sobrevivéncia, tamanho dos ovos e larvas.

Em estudo realizado por Gunasekera et al. (1996) avaliando os trés niveis de proteina bruta (10,
20 e 35 % PB) em Oreochromis niloticus constaram que os niveis de proteina influenciam o intervalo

de desovas e a taxa de fecundidade, porém, essa significancia s6 pode ser observada apos longo periodo
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de alimentagdo. Da mesma forma, De Silva & Radampola (1990) mostraram que com o aumento do
nivel de proteina bruta (20 a 35 %) na dieta de tildpia-do-nilo houve reducdo no niimero de desovas.

Os nutrientes ofertados aos reprodutores de peixes sofrem degradacao até serem absorvidos por
meio de rotas metabdlicas pela digestdo. Logo, trata-se de um conjunto de processos fisicos (pulsiona-
mento e esmagamento do alimento), quimicos (secretam substancias como acido cloridrico no estomago)
e enzimaticos que hidrolisam as proteinas, carboidratos, lipideos e acidos nucléicos, envolvendo um
grande numero de enzimas, as quais disponibilizam menores particulas para melhor aproveitamento da

célula (Halver & Hardy, 2002).

3.3 Enzimas digestivas
Enzimas compdem uma classe de moléculas sintetizadas pelas células capazes de realizar bio-

transformagdes nos organismos vivos. Além disso, sdo responsaveis pelas reagcdes bioquimicas que pro-
piciam o crescimento e desenvolvimento da célula (Law, 2002). As mesmas possuem poder catalitico,
alto grau de especificidade com substratos, aceleram as reagdes quimicas eficientemente ¢ agem em
solucdes aquosas em condi¢des adequadas de temperatura e pH, possibilitando que essas biotransforma-
coes ocorram (Nelson & Cox, 2002). Essas ainda refletem as caracteristicas do sistema digestorio dos
peixes, e influenciam a capacidade de digerir e absorver o alimento € o meio que a energia ¢ adquirida
através dos nutrientes (Gao et al., 2006). Durante a abundancia de alimentos, os peixes utilizam enzimas
digestivas de forma eficiente para nutri¢cdo e obten¢do de energia no trato gastrointestinal (Lemieux et
al., 1999). A digestdo em conjunto com a absor¢do ¢ um processo chave no metabolismo dos peixes,
sendo que determina a disponibilidade de nutrientes necessarios para as funcdes biologicas.

Nas fases iniciais do desenvolvimento a digestdao de proteinas baseia-se, principalmente, na pre-
senga de proteases, sendo as principais: pepsina e tripsina, ambas proteases de serina, com posi¢ao chave
nesse processo. As proteases sdo enzimas que pertencem ao grupo das hidrolases, catalisam a reacdo de
hidrolise das ligagdes peptidicas das proteinas, sendo a pepsina, tripsina € a quimiotripsina, as trés enzi-
mas proteoliticas de relevancia no trato gastrintestinal dos peixes (Hsu & Wu, 1979). A digestdo de
proteinas € iniciada pela acdo da pepsina, a qual € responsavel pela hidrolise inicial e parcial de proteinas
no estdmago.

No inicio do processo de digestdo de proteinas no estdmago de peixes, a pepsina se encontra em
sua forma inativa, pepsinogénio sendo esse ativado apenas na presenca de alimento por meio do HCI,
mantendo o pH acido. Em seguida, o alimento segue para o intestino delgado entrando em contato com
o bicarbonato de s6dio, provindo do pancreas, regulando o pH (Nelson & Cox, 2002).

No intestino o processo de digestdo da proteina ¢ finalizado através de enzimas peptidicas, sendo
a principal enzima a tripsina (Sabapathy & Teo, 1993), encontrada no pancreas na forma inativa como

7
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tripsinogénio, o qual ¢ ativado em tripsina no intestino delgado pela acdo da enteroquinase (enzima
intestinal que realiza quebra de ligacdes peptidicas) (Nelson & Cox, 2002). Além disso, a tripsina ¢ a
Unica protease que pode ativar a sua propria forma de precursor, bem como, as de outras proteases pan-
creaticas, uma vez que ativa o quimiotripsinogénio (pancreas) em quimiotripsina (intestino) e propepti-
dases (intestinal) em peptidase (intestino) (Cooring, 1980). Deste modo, a tripsina possui posi¢ao chave
no controle da atividade de proteases, sendo considerado um indicador nutricional (Baldisseroto et al.,
2014). Isso pode ser confirmado por meio de estudos realizados por Tong et al. (2013) que notaram
atividade da pepsina nas fases de segmentacdo, porém dissipou-se na fase de eclosao, deste modo, con-
firmando a degradagdo alcalina de proteinas para as larvas dessa espécie.

A digestao de carboidratos (polissacarideos) ¢ realizada por um conjunto de enzimas, como a
maltase, lactase, porém, a principal delas ¢ a-amilase, presente no suco pancreatico que atua no inicio
do intestino, a qual quebra as ligacdes glicosidicas a-1,4, resultando em uma variedade de oligossacari-
deos. A amilase ¢ considerada a principal amilohidrolase pela ampla presenca e distribuigdo entre os
organismos, encontrada em todos os peixes, até mesmo em carnivoros marinhos que naturalmente nunca
se alimentam de amido. Esta enzima, a-1,4-glicosidase, hidrolisa ligacdes glicosil-a-1,4-glicose em fra-
gmentos de maltose, maltotriose, glicose, dextrinas, amilopectina, fragmentos ramificados de amilose
ou de glicogénio (GUILLAUME, 2001).

Em estudo realizado com turbot, Scophthalmus maximus nao foi constatada a atividade de ami-
lase durante o desenvolvimento embrionério, mostrando que o carboidrato ¢ menos essencial como fonte
de energia nessa fase. Entretanto, em relacdo a atividade das enzimas tripsina e alcalina fosfatase na qual
se verificou uma baixa atividade nas fases de blastula e gastrula, porém em seguida verificou-se um
aumento dessas ativiades da fase de géstrula até eclosdao indicando a demanda de energia necessaria
durante esse periodo (Tong et al., 2013).

A digestdo de lipideos ocorre no intestino delgado por meio da acdo das lipases pancredticas, que
possuem a func¢do de romperem as ligagdes triacilglicerois transformando-os em é4cidos graxos livres e
glicerol, os quais sdo absorvidos e utilizados em processos biossintéticos ou catabolizados para obtencao
de energia (Nelson & Cox, 2014). O processo de digestdo de lipideos no inicio ¢ facilitado pelo auxilio
da bile, que tem como fung¢do a emulsificacdo de gordura, essa por sua vez age no alimento na parte
inicial do intestino quebrando o lipideo em particulas menores (emulsificando) e e por consequéncia
aumenta a superficie de contato para melhorar agdo das lipases pancredaticas.

Além das principais enzimas digestivas, existem as enzimas acessorias, que ajudam no processo
digestério em geral, como as fosfatases alcalinas e as aminopeptidases. Ambas sdo enzimas

que atuam principalmente na raiz e comunicagdo das células epiteliais na por¢do anterior do intestino e
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promove a absor¢ao de nutrientes. A atividade da fosfatase alcalina esta envolvida na absorcao e trans-
porte de lipideos e carboidratos (Fraisse, 1981) e a aminopeptidase sdo exopeptidases que age na extre-
midade amina de peptideos de baixo peso molecular que sdo formados por endopeptidases (Guillaume
etal., 2001).

De acordo com Gisbert et al. (2009), em Dentex dentex ressaltaram que a presenca da ativiade de
tripsina em larvas recém-eclodidas foi superior a atividade da amilase e lipase, indicando a importancia
desta enzima no decorrer da embriogénese até o0 momento da eclosdo. Porém, pos-eclosdo, a atividade
da tripsina diminuiu drasticamente e a amilase o oposto, provavelmente o observado esteja associado as
alteragdes no catabolismo das reservas do vitelo durante este periodo, sendo o mesmo descrito para Ga-
dus morhua (Sveinsdotti et al., 2006) e em Pseudosciaena crocea (Ma et al., 2005). Gisbert et al. (2009)
também constataram o aumento da atividade da pepsina no momento em que houve a diminui¢ao das
enzimas pancredticas alcalinas aos 50 dias pds-eclosdo (tripsina), indicando uma mudanca fisiologica
do animal, principalmente no desenvolvimento do estdmago e das vilosidades do intestino.

Galaviz et al. (2011), estudando Atractoscion nobilis, constataram que a tripsina foi detectada
pela primeira vez na incubagao e o aumento nos 3-4° dias pds-eclosao, corroborando com as observagdes
descritas para Pagrus pagrus (Suzer et al., 2007) e Seriola lalandi (Chen et al., 2006) concluiram que
antes da absor¢ao do vitelo a maioria da tripsina é enzimaticamente inativa (tripsinogénio) e s se tornara
ativa apos a abertura da boca (Alvarez-Gonzales et al., 2006). Os autores afirmam que a pepsina foi
detectada 10 dias pos-eclosdo, sendo o primeiro aumento visto em 20 dias, quatro dias apds o apareci-
mento da primeira glandula gastrica, o que em alguns casos, sugere um estdmago funcional precoce e,
em relacdo, a amilase foi observado um méximo de atividade 16 dias pés-eclosao.

Logo, o desenvolvimento ontogenético de enzimas digestivas reflete a evolucao funcional do
trato digestivo e a capacidade de enzimas digestivas do organismo e, consequentemente, tem sido usado

como biomarcadores fisioldgicos para avaliar o estado nutricional de peixes nas fases iniciais de vida

(Pradhan et al., 2013).

4. Objetivo

Avaliar dietas com niveis de proteina bruta (32; 38; 44; 50 % PB) ofertadas para matrizes de
tilapia-do-nilo e seus efeitos na atividade de enzimas digestivas (pepsina, aminopeptidase, fosfatase al-

calina, tripsina, lipase, amilase e protease) nas fases embrionarias e larvais.
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6. Artigo 1 — O artigo sera enviado a revista Aquaculture para publicagdo, no qual as normas dessa
revista estao presentes ao final do mesmo.

INFLUENCE OF HIGH-PROTEIN DIETS ON DIGESTIVE ENZYMES OF NILE TILAPIA
EGGS AND LARVAE

ABSTRACT

The present study assessed the activity of gastric (pepsin), intestinal (aminopeptidase and
alkaline phosphatase) and pancreatic (trypsin, amylase, lipase, protease) enzymes on the embryonic and
larval development of Nile tilapia, Oreochromis niloticus, obtained from broodstock fed diets with four
levels of crude protein. The experiment was carried out from January to June/2014, using 144 females
and 48 males (3:1) distributed in 16 hapas (12 fish/hapa). Four treatments were used, composed of the
following levels of crude protein (CP): 32, 38, 44 and 50 %, with four replications. The eggs were
weighed (mg), quantified, kept in hatcheries (2.0 L), and separated according to treatment. Twenty-four
(24) samples (300.0 mg) per treatment and four (4) samples per stage of embryonic and larval
development [SO- cleavage, S1- blastula, S2- gastrula, S3- hatching, S4- 7 days posthatch and S5- 10
days posthatch] were collected, kept in cryogenic tubes and placed in liquid nitrogen (-196.0°C) until
the moment the digestive enzymes were analyzed. There were no differences between the values (P>0.05)
of pepsin, aminopeptidase, trypsin, and amylase. However, different values were observed (P<0.05) for
alkaline phosphatase (7 days posthatch), lipase (blastula), and protease (blastula and hatching) with
regard to the four treatments. The results showed that diets with levels of crude protein offered to Nile
tilapia broodstock influenced the activity of digestive enzymes during embryonic and larval
periods, emphasizing that the nutrients ingested by the broodfish were transferred to the progeny. Thus,
more studies on diets of broodstock should be conducted in order to provide additional information, not
only with regard to levels of protein, but also energy, vitamins and minerals, as well as the interaction

between them, and the use of physiological biomarkers for a successful fish farming.

Keywords: cichlids, embryogenesis, digestive physiology, reproduction
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Introduction

At the adult stage, special attention should be given to the diet during the reproductive period,
since the nutrition of broodfish may affect the quality of gametes, as well as the survival and perpetua-
tion of the larvae (Izquierdo et al., 2001). Those nutrients are absorbed after the activity of digestive
enzymes (Gisbert et al, 2009), which varies according to their catalytic role (Baldisseroto et al., 2014).

In general, digestive enzymes reflect the characteristics of the digestive system of the fish and
directly influence the capacity to digest and absorb the food (Gao et al., 2006), depending
on the amount, specificity and adequate conditions (pH and temperature) for the reaction of those en-
zymes (Kuz'mina, 1996). Thus, those enzymes are used to evaluate the nutritional state at any stage of
embryonic (Tong et al., 2013), larval (Pradhan et al., 2013) and juvenile (Asgari et al., 2013) develop-
ment of the fish.

Nile tilapia, Oreochromis niloticus is one of the most commonly cultured fish species in Brazil.
Due to the growth of this species, fish farming has been intensified, creating the need for new rearing
techniques that could make the process more efficient and viable (EMBRAPA, 2013). In this context, it
is known that fish feeding is fundamental, and is responsible for more than 60 % of the total cost of fish
farming (Teixeira et al., 2008). Therefore, diets have to be more efficient, with lower cost and low envi-
ronmental impact, and should be developed in order to meet the requirements of the fish at different
stages of development (larvae, fry, juvenile and adult).

In view of that, the present study assessed the activity of gastric (pepsin), intestinal (aminopep-
tidase and alkaline phosphatase) and pancreatic (trypsin, amylase, lipase, protease) enzymes during the
process of embryonic (cleavage, blastula, gastrula and hatching) and larval (7 and 10 days posthatch)
development of Nile tilapia, Oreochromis niloticus obtained from broodfish fed diets with four levels of

crude protein (32; 38; 44; 50 % CP).

Material and Methods
Place and equipment

The experiment was carried out at the Agéncia Paulista de Tecnologia dos
Agronegocios (APTA) — Research and Development Unit (UPD) in the town of Pirassununga, Sao
Paulo, Brazil (21°55°37,4>’S 47°22°10°° O), from January to June 2014. The Nile tilapia broodstock
GIFT strain Aqua America® 1 had been bought from Peixe Vivo® Fish farm, located in Santa Fé do Sul
— Sao Paulo/Brazil. During the experiment, 144 females and 48 males (350.5 + 55.0 g) were used, placed
in 16 hapas (1.5 x 3.0 x 1.0 m?) installed in two masonry ponds with earthen bottom (200.0 m?) at a
stocking density of 12 fish per hapa, and a proportion of 3:1 (three males for each female). The fish were
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electronically identified, weighed (mg) and measured (cm) (Attachment 1). During the mating period (7
days), males and females were kept in the hapas for reproduction. After that, the fish were separated for

the resting period (15 days).

Diets and experimental design

The experimental design was completely randomized with four treatments: 32, 38, 44 and 50 %
Crude Protein (CP), and four replications. The diets were processed at the Fishery Institute, APTA, in
Sao Jos¢ do Rio Preto, Sao Paulo, Brazil. The raw material was weighed, homogenized, ground (0.7
mm), extruded in 4.0 mm pellets (Ferraz E-62® extruder) and dried in a forced ventilation oven at 55.0°C
for 24 hours (Tables 1 and 2). The period of adaptation of the broodfish to the diet lasted 30 days prior
to the beginning of sampling (December 2013). The feed was offered twice a day (9:00am and 4:00pm),
at a proportion of 1 %/fish weight/day during the experimental period.

15
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Ingredients of the experimental feed offered to the Nile tilapia broodfish during the experiment.

Ingredientes (%)

Dietas (% PB)

32% 38% 44% 50%
Feather meal 1,00 1,50 2,50 2,80
Viscera meal 11,00 12,00 15,00 16,50
Soy protein concentrate 20,00 24,00 29,00 32,50
Corn Gluten Meal 2,00 3,00 4,50 5,52
Wheat meal 8,77 8,20 4,58 3,20
Wheat flour 0,00 1,00 4,00 5,00
Macrogard! 0,03 0,03 0,03 0,03
Active MOS? 0,50 0,50 0,50 0,50
Broken rice 34,75 27,06 18,45 11,50
Meat and Bone Meal 2,06 4,00 0,68 0,00
Fish meal 10,00 12,00 13,50 15,00
Blood Meal 1,50 2,00 3,50 4,00
Salt 0,30 0,30 0,30 0,30
Dicalcium phosphate 1,50 0,89 0,82 0,57
Fish oil 4,00 1,00 0,47 0,00
Vitamin C monophosphate 0,48 0,17 0,17 0,17
Choline Chloride 0,20 0,20 0,20 0,20
L-Lysine 0,10 0,20 0,20 0,19
L-Threonine 0,12 0,20 0,06 0,23
Taurine 0,10 0,10 0,10 0,10
DL-Methionine 0,24 0,40 0,19 0,44
Antioxidant 3 0,10 0,10 0,10 0,10
Mycotoxin adsorbent 0,20 0,20 0,20 0,20
Fungistatic* 0,30 0,20 0,20 0,20
Orego-Stim® 0,05 0,05 0,05 0,05
Vit. and Min. Supplement® 0,70 0,70 0,70 0,70
Total 100,00 100,00 100,00 100,00

!B- Glucan (Biorigin®), Mannan oligosaccharide (Biorigin®), *Oxinyl Dry, *Fylax, *Essential oils (Meriden Animal Health®), ®Vitamin and
Mineral Supplement (In Vivo®™) — levels of guarantee per kg of the product: Vitamin A=12,000.00 IU/kg; Vitamin D3= 3,000.00 1U/kg; Vitamin
E =150.0 mg; Vitamin K3 = 15.00 mg; Vitamin B1 = 20.00 mg; Vitamin B2 = 20.00 mg; Vitamin B6 = 17.50 mg;Vitamin B12 = 40.00 mcg;
Vitamin C = 300.00 mg; Nicotinic Acid= 100.00 mg; Pantothenic Acid= 50.00 mg; Biotin = 1.00 mg; Folic Acid= 6.00 mg; Antioxidant = 25.00
mg; Copper Sulphate= 17.50 mg; Iron Sulphate = 100.00 mg; Manganese Sulphate= 50.00 mg; Zinc Sulphate= 120.00 mg; Calcium lodide=
0.80 mg; Sodium Sulphate= 0.50 mg; Cobalt Sulphate= 0.40 mg; Inositol = 125.00 mg; Choline = 500.00.
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Table 2
Centesimal composition of the experimental feed offered to the Nile tilapia broodfish during
the experiment.

Composition (%) 32% 38% PretED) 44% 50%
Humidity 5,65 7,15 6,11 5,26
Crude protein 32,21 38,34 44,61 50,78
Digestible Energy* 3550,61 3454,79 3523,41 3546,36
Digestible Protein* 27,03 32,00 37,08 40,93
Ethereal Extract 7,78 4,00 5,31 490
Crude Fiber 2,40 2,57 2,46 2,49
Calcium 2,69 3,13 3,64 3,10
Phosphorus 1,50 1,63 1,96 1,63
Starch 30,00 25,27 20,50 16,00
Arginine 2,10 2,44 2,77 3,00
Lysine 2,00 2,51 2,85 3,20
Methionine+Cysteine* 1,08 1,26 1,26 1,59
Threonine 1,44 1,82 2,09 2,36
Tryptophan 0,34 0,40 0,48 0,52
Methionine 0,86 1,13 1,03 1,41

*Calculated value

Eggs and larvae sampling

The eggs were collected from the oral cavity of the female broodfish, and then kept in hatcher-
ies (2.0 L) with water recirculation. The stages of embryonic development (SO- cleavage, S1- blastula,
S2- gastrula, S3- hatching) and larval development (S4- 7 days posthatch and S5- 10 days posthatch,
dph) were identified (Attachment 2) according to Fujimura & Okada (2007), with the aid of a stereomi-
croscope with an integrated digital camera (BEL — 40 X). After hatching (7 and 10 dph), 750 larvae per
treatment were transferred to 12 tanks (50 L) and kept fasting. Eggs and larvae samples (300.0 mg) (24
per treatment and 4 samples per stage of development) were kept in cryogenic tubes and placed in liquid
nitrogen (-196.0 °C) until the gastric (pepsin), pancreatic (trypsin, amylase, lipase, protease) and intesti-

nal (aminopeptidase and alkaline phosphatase) digestive enzymes were analyzed.

Analysis of enzyme activity

The analysis of enzyme activity of the Nile tilapia eggs and larvae was conducted at the Aqua-
culture Centre of the Institute of Research in Agriculture and Food Technology, IRTA, em Sant Carles de La Rapita,
Tarragona, Spain. In order to determine the activity of gastric (pepsin) and pancreatic (trypsin, amylase,

lipase and protease) enzymes at the three initial stages (cleavage, blastula and gastrula), the samples
17
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were homogenized (Ultra-Turrax T25 basic, IKA© - Werke) in 5 volumes of ice-cold milli-Q water (4.0
°C), centrifuged at 3300 *g for 3 min at 4.0 °C, and then aliquots of supernatant were removed and kept
at — 80.0 °C for later quantification (Attachment 3). At the other stages (hatching, 7 and 10 days post-
hatch), the gastric (pepsin), pancreatic (trypsin, amylase, lipase and protease) and intestinal (aminopep-
tidase and alkaline phosphatase) enzymes were quantified. The samples were homogenized in 50.0 mM
mannitol at 4.0 °C, 2.0 mM Tris-HCI buffer and pH 7.0. One mL (1.0 mL) of the supernatant was placed
in a microtube and stored at -20.0 °C for gastric and pancreatic enzyme quantification. For the intestinal
enzymes, the supernatant was centrifuged twice, 9000 *g, 10 min, 4.0 °C and 23929 *g, 25 min at 4.0 °C,
respectively, for purification of the intestinal brush border membrane (Crane et al., 1979) (Attachment
3). The samples were then removed and kept at -80.0 ° C for later quantification. Pepsin (E.C.3.4.23.1)
was quantified at 37.0 °C using 2 % hemoglobin as substrate in 1N HCI buffer. Pepsin activity (U) was
defined as umol of hemoglobin released per minute at 37.0 ° C per mL of eggs and larvae homogenate
at 280 nm (Woithington, 1972).

Trypsin (E.C.3.4.21.4) was analyzed at 25.0 °C using BAPNA (N-a- benzoyl-dl-arginine p-ni-
troanilide) as substrate in 50.0 mM Tris-HCI, 20.0 mM CaCl, buffer, with pH 8.2. One unit of trypsin
per mL (U) was defined as 1 pmol BAPNA hydrolyzed per min per mL of enzyme extract at 407 nm
(Gisbert et al., 2009). Amylase activity (E.C.3.2.1.1) was measured according to Métais & Bieth (1968),
using 0.3 % soluble starch dissolved in NaxHPO4 buffer pH 7.4 as substrate. Amylase activity (U) was
defined as the mg of starch hydrolyzed during 30 min per mL of tissue homogenate at 37.0° C at 580
nm. Lipase activity (E.C.3.1.1) was assessed for 30 min at 30.0°C using p- nitrophenyl myristate as
substrate, dissolved in 0.25 mM Tris- HCI, 0.25 mM 2- methoxyethanol and 5SmM sodium cholate buffer,
with pH 9.0. The reaction was interrupted with a solution of acetone: n- heptane (5:2); the homogenate
was centrifuged for 2 minutes at 6080*g, at 4.0°C and read at 405 nm. Lipase activity (U/mL) was de-
fined as the umol of substrate hydrolyzed per minute per mL of enzyme extract (Iijima et al, 1998).
Protease activity (E.C.3.4) was quantified at 30.0 °C using 0.5 % azocasein as substrate in Tris — HCI 50
mM buffer with pH 8.0. The activity (U) was defined as 1.0 umol azocasein hydrolyzed at 30.0 °C per
minute per mL of homogenate at 366 nm (Hidalgo et al, 1999).

Aminopeptidase N (E.C.3.4.11.2) was determined according to Maroux et al (1973) at 25.0 °C,
using 80.0 mM sodium phosphate buffer solution, with pH 7.0 and L-leucine p-nitroanilide as substrate
in 0.1 mM DMSO. One unit of enzyme activity (U) was defined as 1.0 pg nitroanilide released per
minute per mL of brush border homogenate at 410 nm. Alkaline phosphatase (E.C.3.1.3.1) was quanti-
fied at 37.0 °C, using 4-nitrophenyl phosphate (PNPP) as substrate in 30.0 mM Na,COj3 buffer, with pH
9.8. One unit (U) was defined as 1.0 pg PNPP released per minute per mL of brush border homogenate
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at 407 nm (Bessey et al, 1946). The specific activities were expressed as unit per milligram of protein

(U/mg protein). The soluble protein of the crude extract of eggs and larvae samples was quantified ac-

cording to the Bradford's method (Bradford, 1976), using bovine serum albumin as standard. All the

assays were made in triplicate.

Statistical analysis

The enzyme activity (specific) in the eggs and larvae was compared at the different stages

of

embryonic and larval development, in the four treatments, by means of the one-way ANOVA (normally

distributed data, Kolmogorov—Smirnov test), using the software SigmaStat (SPSS, Richmond, USA),

followed by a post hoc Holm—Sidak multiple-comparison test. The level of significance was set

P<0.05.

Results
Gastric enzyme

Pepsin activity was very low during embryonic development, but there was a slight increase in
the values of the activity of this enzyme from hatching until the end of the experiment. However, did
not exhibit difference between the treatments (P>0.05). The pepsin values in treatment 32% practically
doubled from 7 dph (0.0028 mU/mg protein) to 10 dph (0.0046 mU/mg protein) (P>0.05). For
the other treatments (38%, 44% and 50%), the values remained similar (P>0.05) at those stages (Fig
1.)

032% m38% DO44% m50%
0,009 -
0,008
0,007
0,006
0,005
0,004
0,003
0,002
0,001

mU/mg protein

Cleavage Blastula Gastrula Hatching 7 dph 10 dph

Stages of embryonic development and larval

Fig 1. Specific activity of pepsin during embryonic and larval development (7 and 10 days posthatch)
of Nile tilapia obtained from broodfish fed diets with four levels of crude protein (CP) (32, 38, 44
and 50 %) (mean +SD, n=8). Lower case letters identify statistical differences (P<0.05) at each stage
of development.
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There were no significant differences in trypsin activity at the different stages of embryonic and

larval development with regard to the four treatments (Fig 2A). The values of lipase activity showed

differences (P>0.05) at the blastula stage, and the highest values were observed in treatment 32% (0.09

mU/mg protein), unlike treatments 38 %, 44 % and 50 % (0.048; 0.053; 0.056 mU/mg protein, respec-

tively) (Fig 2B).
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Fig 2. Specific activity of trypsin (A) and lipase (B) during embryonic and larval development (7 and
10 days posthatch) of Nile tilapia obtained from broodfish fed diets with four levels of crude protein
(CP) (32, 38, 44 and 50 %) (mean £SD, n=8). Lower case letters identify statistical differences
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(P<0.05) at each stage of development.
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227 No differences were observed (P>0.05) in amylase activity between the treatments during em-
228  bryogenesis and at larvae stage (Fig 3A). Significant differences were observed in protease activity at
229  the stage of blastula and hatching. During blastula, the values of treatment 32 % (1.54 mU/mg protein)
230  were similar to the ones found in treatment 50 % (1.57 mU/mg protein). On the other hand, treatment 38
231 % (0.48 mU/mg protein) differed from treatments 32 % and 50 %; however, did not differ from treat-
232 ment 44 % (0.82 mU/mg protein) (Fig 3B). As for protease, differences (P<0.05) were found between
233 treatments at the stage of hatching: the values of treatment 32 % (9.22 mU/mg protein) were higher than
234 treatments 38 %, 44 % and 50 % (Fig 3B).
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254

255  Fig 3. Specific activity of amylase (A) and protease (B) during embryonic and larval development (7
256  and 10 days posthatch) of Nile tilapia obtained from broodfish fed diets with four levels of crude
257  protein (CP) (32, 38, 44 and 50 %) (mean +SD, n=8). Lower case letters identify statistical differences
258  (P<0.05) at each stage of development.
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Intestinal enzymes

The specific activities of aminopeptidase and alkaline phosphatase were measured at the stages
of hatching, 7 and 10 days posthatch. No difference (P>0.05) was observed between the four treatments
for aminopeptidase (Fig 4A). Maximum values of this enzyme were observed in treatments 32 % (1.58
U/mg protein) and 50 % (1.27 U/mg protein) at the three stages, respectively (Fig 4A). Differences
(P<0.05) were verified between treatments 32 % (0.36 U/mg protein) and 38 % (0.16 U/ mg protein) 7
dph with regard to the specific activity of alkaline phosphatase. Nevertheless, there were no differences
(P>0.05) between treatments 38 % (0.24 U/mg protein) and 50 % (0.25 U/mg protein) when compared
with the other ones (Fig 4B). However, the maximum activity of this enzyme occurred in treatment 50

%, 10 dph (0.42 U/mg protein) (Fig 4B).

(A) B32% m38% D44% W50%
4,00 -

3,50 -

(B) 32% B38% DO44% W50%

0,14 -
0,07 - 5
0 =Y .
Hatching 7 dph 10 dph
Stages of hatching and larval

Fig 4. Specific activity of aminopeptidase (A) and alkaline phosphatase (B) during embryonic and
larval development (7 and 10 days posthatch) of Nile tilapia obtained from broodfish fed diets with
four levels of crude protein (CP) (32, 38, 44 and 50 %) (mean +£SD, n=8). Lower case letters identify
statistical differences (P<0.05) at each stage of development.
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Discussion

Although it is incipient, the research on the nutrition of broodstock has proven that the nutrients
of the diet offered to the broodfish are deposited in the yolk globules and are composed of proteins, free
amino acids (FAA), lipids, inorganic ions and glycogen (Falk & Holt, 2008). They influence the ac-
tion of digestive enzymes from the early embryonic stages, even before blastula (Finn & Fynh, 2010) un-
til larval formation (Jaroszewska & Dabrowski, 2011). According to Portella et al. (2012), Nile tilapia
exhibits direct development, with a long period of endogenous feeding, which gives the fish enough time
for the maturation of organic systems. Therefore, when the exotrophic phase begins, the digestive system
has already started differentiation, the stomach presents gastric glands and the activity of digestive en-
zymes is present. In the present study, seven digestive enzymes were detected at embryonic and larval
stages of Nile tilapia. However, with only three of them (lipase, protease and alkaline phosphatase) sig-
nificant action was observed.

The species used in the present study showed traces of gastric pepsin activity from cleavage until
hatching, reflecting the immaturity of the digestive tract and rudimentary enzyme complex (Walfor e
Lam, 1993). However, the noticeable activity of pepsin in Nile tilapia larvae 7 and 10 dph suggests the
formation of the stomach itself. On the other hand, in studies conducted with Sparus aurata, proteolytic
activity was noticed before the opening of the mouth (4 dph) and onset of exogenous feeding (3
dph) (Moyano et al., 1996). In studies with Atractoscion nobilis and Dentex dentex, the differentiation
of gastric glands occurred only 16 and 19 days posthatch, respectively (Galaviz et al., 2011; Gisbert et
al., 2009). Comparatively, considering the four treatments, there was no change in the activity of this
enzyme, but treatment 32 % exhibited higher proteolytic capability 7 and 10 dph.

According to Hjelmeland (1995) trypsin, the enzyme produced by the pancreas, in its inactive
form (trypsinogen) is activated by enterokinase in the anterior section of the intestine of fish. Drossou et
al. (2006) monitored trypsin activity in Nile tilapia as an indicator of the quality of diets and nutritional
condition of the larvae. In that study, trypsin activity did not show significant differences between the
four treatments.

Lipase (pancreatic enzyme) acts on the initial section of the intestine of fish, promoting the hy-
drolysis of triacylglycerols forming fatty acids and glycerol, generating energy for the cell (Nelson &
Cox, 2014). At blastula, treatment 32 % showed the most relevant value, probably due to the highest
level of ethereal extract (7.8 %) present in the diet offered to the Nile tilapia broodfish when compared
with the other three treatments. On the other hand, with Dentex dentex, the activity of this enzyme started

at the moment of hatching, and then maintained a steady growth (Gisbert et al., 2009), whereas
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with Paralichthys californicus (Alvarez-Gonzalez et al., 2006) and Seriola lalandi (Chen et al., 2006)
lipase activity was detected only at the moment of mouth opening and beginning of exogenous feeding.

Pancreatic amylase acts on the anterior section of the intestine, playing an important role in the
digestion of polysaccharides, producing oligosaccharides that will be absorbed by the cell (Lovell, 1988).
In the present study it had been expected that amylase would exhibit higher activity in treatment 32 %,
because the diet offered to the broodfish contained 30 % starch. Nevertheless, no significant differences
were observed between the treatments, although 7 and 10 dph there was an increase in those values,
probably because of the need of the larvae to use carbohydrates as energy reserves. Galaviz et al. (2011),
in a study conducted with Atractoscion nobilis observed low amylase activity during embryonic devel-
opment, and the same occurred for Nile tilapia. In contrast, no amylase activity was noticed in Scoph-
thalmus maximus during embryonic development, demonstrating that carbohydrates are less essential
for this species as energy source for the maintenance of metabolism (Tong et al., 2013).

According to Zambonino-Infante & Cahu (2007), the proteases include the enzymes that partic-
ipate in the digestion of proteins, especially the alkaline ones, represented mainly by trypsin (pancreas)
and aminopeptidase (intestine). In addition, there are acid proteases, of which pepsin is the best-known
representative. In this context, the present study showed differences in protease activity at the stages of
blastula and hatching between treatments 32 and 50 %, though with similar values, which suggests that
the amount of protein supplied indirectly affects the activity of that enzyme. Besides, the increase in
protease activity for Nile tilapia throughout larval development may be related to the progressive ap-
pearance of organs of the digestive system, corroborating what had been previously reported by Martinez
et al. (1999) when studying Solea senegalensis.

The activity of the enzyme aminopeptidase for Nile tilapia in treatments 32 and 50 % was similar,
showing increased activity from hatching until 10 dph, suggesting the formation of intestinal brush bor-
der. In a study conducted with Chanos chanos analysing aminopeptidase, the authors detected its ap-
pearance only 21 dph, revealing the late development of intestinal cells (Ferraris et al., 1987).

The enzyme alkaline phosphatase also acts on the intestinal brush border of fish, and is directly
involved in the absorption and transport of lipids and carbohydrates (Guillaume and Choubert, 2001). In
the present study, the significant values of treatment 32 % 7 dph probably suggest that the concentration
of starch found in this diet directly influenced the activity of alkaline phosphatase. Tengaroenkul et al.
(2002), studying Nile tilapia observed the presence of alkaline phosphatase at the moment of hatching,

increasing during the larval phase, suggesting that the intensity of the activity of this enzyme in the
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intestinal tract might be responsible for the digestion of peptides and absorption of nutrients, corrobo-
rating the results of this study. However, according to Almeida et al. (2010), the enzymatic capacity of
the intestinal brush border of the fish species used requires detailed studies.

Diets with levels of crude protein offered to Nile tilapia broodfish influenced the activity of di-
gestive enzymes during embryonic and larval stages, emphasizing that the nutrients ingested by
the broodfish were transferred to the progeny. Thus, more studies on diets for broodfish should be con-
ducted in order to provide additional information not only with regard to the levels of protein, but also
energy, vitamins and minerals, as well as the interaction between them, and the use of physiological

biomarkers for a successful fish farming.
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Anexo 1. Hapas para realizacdo do experimento (A); Identificagdo dos animais (B); Retirada dos ovos

da cavidade orofaringea da fémea (C); Contagem, pesagem e separagao dos ovocitos para incubagao (D);

Incubadoras para mantenca dos embrides e das larvas (E); estereomicroscopio para identificagdo das

fases do desenvolvimento embrionario (F).
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Anexo 2

lEr

Anexo 2. Estagios do desenvolvimento embrionario; Estagio de clivagem (A); Estagio de blastula (B);

Estagio de gastrula (C) e Estagio de eclosdo (D)
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Anexo 3

Anexo 3. Descongelamento das amostras para inicio da homogeneizacdo (A); Amostra de larvas
descongeladas para contagem (B); Amostras de ovos descongelados para contagem (C);
Homogeneizagao das amostras no Turrax (D); Centrifugacao das amostras (E); Microtubos identificados
para separacdo das aliquotas das amostras (F); Amostras acondicionadas em caixas de papeldo para

congelamento (G) e Freezer a — 80 °C para mantenca das amostras até as andlises (H).
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