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RESUMO

A tilapia do Nilo pode ser produzida em diferentes sistemas deoceltescalas, dentre eles os
sistemas semi-intensivo em viveiros (SSI), e o intensivo em tangdeqS!). Seus manejos sao
completamente distintos, por isso o gerenciamento se faz nexesdiin de ndo desestabilizar
parametros de crescimento e afetar os custos de producaqaginnaeite a racdo, que pode chegar
a representar até 80% destes custos. Para um menor gastdieimegs alternativos podem ser
usados na elaboracdo das dietas, no entanto, eles devem apreselth@iosesemelhantes ou
melhores, quando comparados as dietas convencionais. Sendo assim, peectaraliis se a
inclusdo de hidrolisado proteico de camardo (HPC) na dieta pode influeaxiatividades
enzimaticas da tilapia do Nilo e avaliar a influéncia do St 81 nos parametros de crescimento e
nas enzimas digestivas deste peixe. Para avaliar a infludmdi#PC nas enzimas digestivas de
juvenis de tilapia do Nilo, os cultivos foram realizados em aquddietC foi incluido nas dietas
nas concentracdes de 0, 15, 30 e 60" y(KPC 0, 15, 30 e 60, respectivamente). Ao término dos
ensaios (45 dias), o estdbmago e o intestino dos espécimes expasni@eram removidos para
realizacdo das analises. Para avaliagdo da influéncia do 81 & sob os parametros de
crescimento e as enzimas digestivas da tilapia do Nilo, os em#ea@xperimentais foram
cultivados durante 90 dias. Foram adotados dois planos nutricionaiscdrif@sa SSI (racdo com
35, 32 e 28% de proteina bruta — PB) e bifasico para Sl (35 e 32% émBn&mente foram
realizadas coletas de fitoplancton e zooplancton, diariamentencgpis parametros de qualidade
de agua foram mensurados e mensalmente foram realizadasrisieipata analise dos parametros
de crescimento, ajustes na alimentagédo e remocao dos tentdesin(0) para analises enziméaticas.
A atividade de protease alcalina total foi significativamemgEor nos tratamentos HPC15 e
HPC60, no entanto, o efeito ndo foi dose-dependente. Zimograma revedandes proteoliticas,
oito delas responderam a incorporacdo do HPC. Ja o zimograma depimblicdu uma reducéo
na atividade de trés enzimas, uma diminuicdo na atividade da tripgsmao aumento da
concentracdo de HPC, e o inverso com duas aminopeptidases. Cé@u aglagistemas de criacdo
o alimento natural foi mais abundante no SSI. Sobrevivéncia, eficigmotaica, eficiéncia
alimentar e fator de condicdo com 31 dias de cultivo foram melmreSSI. A relacdo peso-
comprimento nao foi alterada pelos sistemas. E quando comparado o pBgo dels peixes do
SSI e do SI com tilapias de outros ambientes ou cultivos, eles foi@ores em nove das 14
comparacoes. As enzimas digestivas também foram avaliadas needdosrcultivos (31, 63 e 94
dias). Protease total, amilase e lipase ndo foram estatistite diferentes entre os tratamentos ao
longo dos periodos analisados. No entanto, atividade de tripsina e quimatfgmsim maiores,
com 31 e 63 dias de cultivo em peixes do SSI, sugerindo que o alimeuntal rnEide ter
influenciado essas atividades. Uma correlagdo positiva foi obsergatte a concentracdo
recomendada de aminoacidos essenciais para a tilapia do Nilovidads especifica de
aminopeptidase nos peixes do Sl. Zimograma também revelou 12 bandaktigasteativas em
ambos os sistemas. Sendo que os valores de densidade intBgyddea(n maiores nas bandas do
SSI. Espécimes de ambos os sistemas exibiram cinco bandaaticimade amilolitica, com os
maiores valores dBl aos 31 dias de cultivo. Os menores valore®déram observados com
peixes do SSI, com 63 e 94 dias de cultivo. A comparacdo da eletsofoidimensional do
intestino de animais cultivados em SSI e Sl mostraram um detal.233 spots, sendo 731
diferentes. Tilapia do Nilo demonstrou adaptacdo as dietas utilizadas sistemas de cultivo
empregados.

Palavras-chave:tilapia do Nilo, hidrolisado proteico de camardo, enzimas digestsistema
intensivo, sistema semi-intensivo.



ABSTRACT

The Nile tilapia can be produced in different culture systems aalbss including the semi-
intensive systems in ponds (SIS), and the intensive in cages Ti®)r managements are
completely different, so it is required management to estabilize growth parameters and
production costs, mainly feed, which can represent up to 80% of thdse Femslower expenses,
alternative ingredients can be used in the preparation of diets, howeyeshould deliver results
similar or better, when compared to conventional diets. Therefore, iniemidsluate whether the
inclusion of shrimp protein hydrolyzate (SPH) in the diet can infleghe enzymatic activity of
juvenile Nile tilapia and evaluate the influence of SIS and ISrowth parameters and digestive
enzymes of this fish. To evaluate the effect of SPH on digestizgmes of juvenile Nile tilapia,
the cultures were performed in aquaria. The SPH was includéx idi¢t at concentrations of O,
15, 30 and 60 g.ky(SPHO, 15, 30 and 60, respectively). At the end of the assay (4% ttiay
stomach and intestine of experimental specimens were removechdbizes. To assess the
influence of SIS and IS on growth parameters and digestive enzfnNike tilapia experimental
specimens were cultured for 90 days. Were adopted two nutrifiaras: triphasic for SIS (diet
with 35, 32 and 28% crude protein - CP) for SI and biphasic (35 and 329 \@ekly samples
were taken for phytoplankton and zooplankton, the main daily water queiymeters were
measured and biometrics were performed monthly for analysigwftiy parameters, adjustments
in diet and removal of tissues (intestine) for enzymatic anslyZbe activity of total alkaline
protease was significantly higher in treatments SPH15 and SPH6@yvé&owhe effect was not
dose-dependent. Zymogram revealed 12 proteolytic bands, eight of wkijghnded to SPH
incorporation. Inhibition zymogram indicated a decrease in the tgctvithree enzymes, with
trypsin activity decreasing with the increase of SPH concemravhereas occurred the opposite
for two aminopeptidases. With respect to culture systems né&bacwas more abundant in SIS.
Survival, protein efficiency, feed efficiency and condition fastath 31 days of cultivation were
better in SIS. The weight-length relationship was not alterethéysystems. And comparing the
relative weight of the fish from SIS and Sl systems witpta from other environments, they were
higher in 9 of 14 comparisons. Digestive enzymes also were evatliatied the cultivation (31,
63 and 94 days). Total proteolytic, amylase and lipase activitg wet statistically different
between the treatments along of the periods analyzed. Howevem tayjogschymotrypsin activity
were higher with 31 and 63 days of culture in fish from SIS, suggesiat natural food may have
influenced these activities. A positive correlation was observeivden the recommended
concentration of essential amino acids for Nile tilapia and Sp@eninopeptidases activity in fish
IS. Zymogram also revealed 12 active proteolytic bands in botersystSince the integrated
density (D) values were higher in the bands of SIS. Specimens of both systdmnisted five
bands with amylase activity, with higher valuedfto 31 days of cultivation. The lowest values
of ID were observed with fish from SIS with 63 and 94 days of cultivation. The comparisoo of tw
dimensional electrophoresis of the intestine of cultured animal$Sra®&d IS showed a total of
1,233 spots, among them 731 different. Nile tilapia showed adaptation deeteeand employed
culture systems.

Keyword: Nile tilapia, intensive system, semi-intensive system, digegmzymes, shrimp protein
hydrolyzate.
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1. INTRODUCAO

O aumento na demanda por recursos pesqueiros para consumo humancatiEemuger
crescimento na producdo aquicola mundial. De acordo com a Organilzes;Blacdes Unidas para
Agricultura e Alimentacao (FAO, 2012) foram produzidos 154 milhdes déatasede pescado em
2011 (90,4 milhdes provenientes da pesca e 63,6 milhdes da aquiculturaiat®igxo ainda é
responsavel por cerca de 60% do total de pescado produzido.

No entanto, as pressfes antrOpicas exercidas sobre os ecossigemizvado a uma
estabilizacdo na obtencao de recursos pesqueiros nos ultimos anos, sendo improvavebhqua ocorr
aumento substancial nas capturas totais (JABLONSKI, 2005). Daste, 0 suprimento de
organismos aquaticos para atender a demanda global inevitavelrentque vir através da

aquicultura.

Nas ultimas trés décadas (1980-2010), a producdo mundial da aquicukx@asdiu por
guase 12 vezes mais, com uma taxa média de crescimento ar@j8l e Com destaque para
producdo em aguas interiores, que além de representar cerca ddo@0t@ cultivado, apresentou
um crescimento de mais de 40 % no periodo de 2006 a 2011, passando de 31,3 para 44,3 milhdes d
toneladas (FAO, 2012).

Espécies exoticas tém sido amplamente introduzidas e utilipadas producdo em massa.
Bem sucedidas internacionalmente, espécies como as tilapiaset@tido destaque na aquicultura
mundial, especialmente a tilapia do Ni@réochromis niloticus..).

No Brasil, 0 seu cultivo apresenta-se em expansao, principalmestegidoes Nordeste e
Sudeste (IBAMA, 2008), devido as suas caracteristicas biologicagrcadolégicas relevantes
(FARIA et al., 2001).

O aumento da produtividade tem trazido beneficios ao setor aquicdatadesnos elos da
cadeia produtiva do pescado. Entretanto, este crescimento deve@enade com o intuito de dar
subsidios para a prética sustentavel da atividade (BUENO et al., P8¥dpdo em consideragéo o
conceito de sustentabilidade dos recursos naturais no contexto dag&@ftoeestal e pesqueira, e
de acordo com a definicdo da Comissdao Mundial para o Desenvolvimento Eomndi
desenvolvimento sustentavel é aquele que atende as necessidades dq pesseramprometer a

capacidade das geracdes futuras em satisfazer as suas prof@ASTELLO, 2007).
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Corroborando com o conceito de sustentabilidade, Abery et al. (200%)re-$llva et al.
(2006) demonstraram que se ndao ha um planejamento da producao, impgatioesipodem ser
gerados ndo soO sobre o sistema, mas também sobre 0s ecossigtéitiass, tornando a producao
insustentavel.

Uma forma de manter a sustentabilidade de um sistema de prodacdpliéacdo de um
manejo viavel tanto para os aquicultores como para 0s mananciaisoNf@ugquado além de
promover uma producdo ecologicamente insustentavel pode desestapdiZzanetros de
crescimento, afetando diretamente os custos de produgdo. No entanto, as godem
demonstrar algumas compensacfes fisiologicas, adequando-se quandarioeéss mudancas
ocorridas no meio.

A aquicultura brasileira tém se profissionalizado bastante niosogltanos, e os modelos
produtivos adotados estdo baseados em sistemas intensivos de criac&doomilezadas racoes
como principal fonte de nutrientes para peixes (BUENO et al., 231d ypode levar os produtores
a optarem por dietas menos onerosas gerando uma falta de contiolenalite um aumento nos
custos e nos residuos depositados no meio.

Saldafia e Lopez (1988) mencionam que o valor nutricional de uma diete rifseia
simplesmente na sua composi¢do quimica, mas também na capasdddgida do peixe em
digerir e absorver, de acordo com seus habitos alimentaresdifsttdo € executada no trato
digestorio com o auxilio de enzimas (NIELSEN -SCHIMIDT, 1996).

As enzimas digestivas sdo estudadas como uma maneira de compraerekigéncias
nutricionais e o efeito dos constituintes da dieta. Sabendo que atali@® e 0 manejo podem
influenciar a atividade e a expressdo génica de algumas enziora® também em outras
proteinas, refletindo no crescimento dos peixes e nos impactos aishientender seu modo de
regulacdo é importante para o uso racional do tipo e quantidade detastempregados nas dietas
(MUHLIA-ALMAZAN et al., 2003), podendo também fornecer informacgdebre a forma de

adaptacao dos animais a diferentes sistemas de cultivo.
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2. REVISAO BIBLIOGRAFICA

2.1 Tilapia do Nilo

A tilapia é um peixe de agua doce pertencente a familinliie. Elas sdo nativas da
Africa, mas foram introduzidas em muitas regides tropisaiBtropicais e temperadas do mundo
durante a segunda metade do século 20 (EL-SAYED, 2006).

As espécies de importancia comercial estdo divididas em érésagy de acordo com seu
comportamento reprodutivo. O géndrribapia incuba seus ovos no substraSarotherodontanto
0s machos como as fémeas incubam os ovos na bOoeoehromis,as fémeas sao responsaveis
pela incubacao dos ovos (TREWAVAS, 1982).

Elas habitam uma grande variedade de ecossistemas, como rioegeasa& temporarios,
rios com corredeiras, grandes rios equatoriais, tropicais e subtsopacgis pantanosos, lagos rasos
e profundos, lagos artificiais, alcalinos, acidos e salinos, fontaait lagos em cratera, lagos com
baixo conteudo de minerais, estuarios abertos e fechados, lagos dalégte e habitat marinho.
A diversidade denhabitats mencionados promove uma facil adaptacdo as mudancas ambientais,
refletindo em sua tolerancia a parametros fisicos (vasad®eemperatura, fotoperiodo, correnteza,
profundidade, turbidez, etc), quimicos (pH, salinidade, minerais, oxigénidvities amdnia, etc) e
biologicos (concorréncia, disponibilidade de alimentos, etc.) (EL-SAYED, 2006).

Durante os estagios larvais, a tilapia se alimenta iniciabnge fitoplancton e zooplancton,
especialmente crustaceos (copépodos) (BOWEN, 1982). O periodo deatradsicestagio
planctéfago para uma dieta especializada é geralmente curtWER(Q1976). A alimentacdo de
juvenis e adultos consiste de uma variedade consideravel de vegatpgiica, zooplancton,
fitoplancton, perifiton e detritos de origem vegetal. Por esta razéil@pia pode mudar de uma

fonte de alimento para outro com poucas mudancas na composicao da dieta (EL-SAYED, 2006).

O seéculo 20 firmou o cultivo de tilapia. Este desenvolvimento se decigaimente pela
demanda do filé pelos Estados Unidos, o cultivo na Africa e Américaujoo melhoramento
genético e a expansado do cultivo em aguas salinas nas Filipiviag.s€ tornou o maior produtor e
grande fornecedor dos EUA (GUERRERO, 2008).

Dados da FAO (2009) demonstraram claramente que a producdo mundidpde t
aumentou de 398.066 t em 1991 para 2.326.413 t em 2006, promovendo um rendimento de US$
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559.438 milhdes para mais de US$ 2,7 bilhdes. De acordo com Wing-Keongire (B207),
Oreochromis niloticugFigura 1) representa 80% das espécies de tilapia cultivemasundo,
sendo considerada a mais importante.

No Brasil, sua producédo em 2006 foi de aproximadamente 71.000 t, representandda37,8%
producdo aquicola continental (IBAMA, 2008). Em 2010 esta producdo ultrapassou 155.000 t
representando 39% da aquicultura continental no pais (BRASIL, 2012).

Devido as suas caracteristicas bioldégicas e mercadolégmas capido crescimento,
rusticidade, alimentagdo em baixos niveis troficos, tolerancigiacias ambientais, resisténcia a
doencas, auséncia de espinhos intra-musculares, dentre outrosaaltlfpio € considerada uma
das principais espécies da piscicultura mundial e a principal espécleitaasi

Figura 1 Exemplar de tilapia do NildQreochromis niloticus..).

Fonte: http://www.terradagente.com.br/fauna/0,0,2,288;5,tilapia-do-nilo.aspx

2.2 Sistemas de cultivo

A tildpia é produzida em diferentes sistemas de cultivo dassazom maior ou menor
dependéncia de insumos, principalmente racdo (KOPRUCU e OZDEA(R®). Sua producdo em
paises em desenvolvimento ocorre primeiramente em sistemansmmivo, onde fertilizantes
inorganicos ou adubos séo usados para producéo do alimento natural (MASTRKNG OMBE,

2007). Sistema semi-intensivo (Figura 2) constitui um meio de producdaixie custo, sua
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produtividade é geralmente menor do que a dos sistemas intensivos dmedoradensidade de
estocagem e insumos de producdo. Apesar disto, sua popularidade tenadomasiduas Ultimas
décadas em varios paises do mundo, especialmente entre os pequentisragr{EL-SAYED,
2006).

Figura 2: Cultivo semi-intensivo de tilapia do Nilo

Fonte: Juliana Ferreira dos Santos

O cultivo em viveiros escavados apresenta uma menor incidéncia deasloemaor
sobrevivéncia na recria e engorda, contribuicdo do alimento naturalaematmor converséo
alimentar quando comparado a sistema intensivo em tanques rede (KUBITZA, 2009).

Neste sistema pode-se variar a biomassa de 0,1 a 0,5 Kgfendendo do aporte de
alimentacdo suplementar. Quando a alimentacdo da tilapia € supldanecdm baixas
concentracbes de proteina em cultivo semi-intensivo, o déficit € symldoalimento natural
(LITI et al., 2006). No entanto, alimento natural é deficiente engeneéo protéica, induzindo a
utilizacdo de parte desta proteina natural no metabolismo energético (EDWARDS000).

Diana et al. (1994) avaliaram os efeitos da adicdo de alimentensemtiar em viveiros
fertilizados no crescimento de tilapia do Nilo, e observaranaquenbinacdo da alimentacao com
fertilizantes foram mais eficientes do que um desses dos stezinhos. A Figura 3 demonstra a
importancia da alimentag&o suplementar em cultivos semi-intenSvesn et al. (2002) também
avaliaram o cultivo de tilapia do Nilo em viveiros fertilizadoscenstataram uma melhor
produtividade com a alimentacédo suplementar.
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Figura 3: Desenho esquematico da relacdo entre producdo, alimento natural e alimentagéo
suplementar em viveiros escavados.

Fornecimento de
Alimento natural

Momento
critico

l Aumentando a alimentacdo
suplementar

Produgdo

Tempo de cultivo

Fonte: El-Sayed (2006).

Dietas convencionais podem aumentar a produtividade, no entanto também podem
aumentar os custos neste tipo de sistema, tornando o cultivo mais obestsoforma, tem se
focado no uso de recursos que possam tornar este cultivo mais viavel (MAG KKANG OMBE,
2007). Um regime alimentar adequado, baseado em taxas de aléoer@mmo demonstrado por
Abdelghany e Ahmad (2002) pode reduzir tanto 0s custos como a carga de nutrientesrnss vivei

A expansdo do cultivo de tilapia no mundo juntamente com a escasssaealoce,
competicdo com a agricultura e com as atividades urbanas, tem mgdatiaimente os
tradicionais sistemas semi-intensivos de criacdo de tildpia giastemas mais intensivos de
producdo (EL-SAYED, 2006). Sistema intensivo caracteriza-se plédasdensidades (25 a 300
peixes/n), dietas com altos niveis proteicos e uma alta produtividade.ifstaet cultivo vem se
difundido para tilapia com o uso de tanques-rede (MOHAMMAD, 2006). Qv@wn tanques-
rede (Figura 4) é visto como um caminho para aumentar a produc¢éo, [EMguoBIMpregos e
oportunidades (ABERY et al., 200%)ma das vantagens do cultivo de tilapia em tanques-rede é
gue ele pode ser aplicado em varios corpos aquaticos, incluindo rios,reggsatorios, lagoas,
agua do mar, viveiros, etc (WATANABE et al.,, 1990; PERSAND elkBHEE, 1997;
FITZSIMMONS et al., 1999; ORACHUNWONG et al., 2001; Yl e LIN, 2001).

O cultivo em gaiolas apresenta como caracteristicas umaldg@ relativamente barata,

guando comparado a outros sistemas intensivos de criacdo; pode satoaphcmaioria dos
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ambientes aquaticos; assegura maior controle do estoque e mekracis dos peixes quando
comparado com viveiros (PEIXOTO, 2007). Além disso, ele tambémseyee como
caracteristicas positivas um tratamento mais econémico deitg@rasdoencas, facilidade na
despesca, manuseio dos peixes com reducdo na mortalidade, melhosedetat@scimento,
reducdo do uso de terra para construcdo de viveiros, controle na ré@prodog utilizacdo do
alimento artificial, etc. (EL-SAYED, 2006). Ostrensk et al. (20@8atam que o investimento
necessario para a producédo de uma tonelada de peixe em tanquééredeoedem de 30-40% da
produgcdo em viveiros convencionais. Este fato, aliado as altas produtividadsido responsavel
pela grande expansao do sistema intensivo no pais. Além disso, enquatéma semi-intensivo
produz cerca de 1 kg a 3 kg de peix&#&mo, o sistema de tanques-rede pode produzir de 150 a 300
kg/m® no mesmo periodo. No entanto, a intensificacdo do cultivo requer o desemvitvide
ragdes adequadas (KOPRUCU e OZDEMIR, 2005), ja que a maiordoarteutrientes ofertados
neste sistema vem por meio das dietas artificiais, diferente do sistamatesivo de criagao.

Figura 4 Cultivo intensivo de tilapia do Nilo.

Fonte: Juliana Ferreira dos Santos

Parametros como qualidade de agua, densidade, nutricdo e alimeatag@®ofatores que
determinam a sucesso ou fracasso de um cultivo intensivo da tldpWilo. De acordo com El-
Sayed (2006), o cultivo em gaiolas também apresenta algumas desitagmo risco de roubo,
perda devido a danos na gaiola, surtos de doencas, baixa toleranpeixéssa ma qualidade da
agua, completa dependéncia de racfes de alta qualidade, perdaeateagfo pelas malhas da
gaiola e acumulo de fezes e metabdlitos no ambiente causando impgativo. Boyd (1990)
enfatiza que a alimentacéo influencia negativamente na qualidadgua do sistema se nao for
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bem gerenciada. Estudos feitos por Lin et al. (1989); Mcginty (1998t al. (1996) e Liti et al.
(2005) demonstraram que altas densidades de tilapia também podesndiail negativamente o
cultivo, promovendo reducdo no ganho de peso. De fato ambientes estresBarddsersos ao
crescimento, fungcdo imune e reproducdo, causando mortalidade e susadébdi doencas e
predadores. Diana et al. (1994) e Boyd (1990) também demonstraram gquoengjo inadequado
com quedas nos niveis de oxigénio dissolvido pode levar a diminuicfexamsiéacrescimento
e/ou eventuais mortalidades.

No entanto, os animais podem demonstrar algumas compensag¢fesdasotéguperando-
se da experiéncia estressante, além disso, a qualidade da agj#@oefurnecida pode influenciar
nesta recuperacdo. Desta forma, sistemas de cultivos ditatescibem como manejo e
alimentacéao utilizada, poderiam influenciar os animais promovendadits e adaptacdes na sua

fisiologia.

2.3. Aparelho digestorio X Preferéncia alimentar

A anatomia do trato gastrointestinal dos peixes segue o mesmo h@sito de outros
vertebrados, sua compreensdo também nos fornece um entendimento acsweafidologia
digestiva e preferéncia alimentar. Os peixes podem sefficiades em quatro categorias principais
com relacdo ao habito alimentar: detritivoros, herbivoros, onivoras\&/aros. Vale salientar que
a versatilidade tréfica envolve também a designacéo dos peixes generalistas (sem preferéncia
acentuada por uma fonte alimentar, utilizando um amplo espectroreias); especialistas (com
dieta restrita a um numero relativamente pequeno de itens lenaat& apresentando adaptacdes
morfolégicas tréficas) e oportunistas (que se alimentam de foatasu@l de sua dieta ou/e fazem
uso de uma fonte alimentar abundante e incomum) (ABELHA et al., 2001).

Estes organismos podem ocupar todos os niveis tréficos de um ecassigtético, de
forma a utilizar diferentes recursos alimentares, gragmarale diversificacdo morfolégica quanto
aos Orgaos e estruturas relacionadas a procura, detecc¢éo,,dagest@io e digestdo do alimento
(SAMPAIO e GOULART, 2011).

A compreensdo da anatomia do sistema digestorio nos fornece emdier@nto sobre o
contexto da organizacao espacial e sua relacdo com dados bioq@rimsiol®gicos, e também sdo
essenciais para a compreensao da nutricdo de peixes em aquibeltur@mo os mecanismos de
adaptacdes fisiologicas para mudancas no ambiente (GROSELL et al., 2011).
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Sampaio e Goulart (2011) observaram as relacdes entre omanbrfologicos (boca,
dentes, rastros branquiais, estbmago e intestino) e a alimentacélitos, encontrando uma
estreita relacdo entre 0s mesmos.

A tilapia como um peixe onivoro oportunista, € capaz de assimilaemteside diferentes
fontes, como as algas bentbnicas, fitoplancton, macréfitas, zooplanctonngmedguesrtebrados,
detritos e cianoficeas. A escolha da alimentacéo é principalne¢gteonada com a disponibilidade
de alimentos no ambiente, indicando que a espécie possui alta pldsticadeca (BOWEN, 1982;
PHILIPPART e RUWET, 1982; FITZSIMMONS, 1997; BEVERIDGE e BAIR2000; LOWE-
MCCONNELL, 2000; SAMPAIO e GOULART, 2011).

Embora haja excecdes, a anatomia digestiva entre especiemdresma familia é bastante
similar. De acordo com Rust (2002), a digestdo € uma acao coordenatigidhales fisicas,
guimicas e enziméticas que tem inicio quando alimento entra n& becaina quando é excretado
nas fezes.

Segundo Hyatt (1979), a forma e a posicdo da boca tém o potencillugadiar na
guantidade e qualidade da presa que pode ser ingerida. De acordo co@®@&)da boca pode
ser inferior, subterminal, terminal ou superiSampaio e Goulart (2011) mencionam que existe
profunda relacdo entre a morfologia da boca e o habito alimentarar€& Chellappa (1996)
descrevem que a tilapia do Nilo apresenta uma boca terminal yueda a captura de itens
alimentares plancténicos.

De um modo geral a tilapia captura os alimentos por suc¢éo (quanelsaaé sugada para a
cavidade bucofaringeal); captura visual (quando o peixe localizde€iosa o alimento a ser
ingerido); e pela mordida (utilizando as mandibulas inferiores eristg®) (BEVERIDGE e
BAIRD, 2000).

Os ciclideos podem apresentar dentes na mandibula, na maxiltaenga, sendo estes
importantes na taxonomia desta familia (GOLDSTEIN, 1988). AgidBdpossuem de um a cinco
fileiras de dentes mandibulares, que juntamente com os dentes faringianbsi@ntom a quebra
dos alimentos em fragmentos menores facilitando a digestdo EBOWO82; DEMPSTER et al.,
1993). Camara e Chellappa (1996) verificaram que existe eseit@o entre o desenvolvimento
dos dentes e o nivel tréfico. A tilapia apresenta dentes rudimentmmedo classificada como
onivora-planctofaga, evidenciando que sua dieta baseia-se em orgafiileplasctonicos e
zooplancténicos adequados ao tipo de dente.

Zayed e Mohamed (2004) demonstraram que tilapia do Nilo apressirnas raranquiais

relativamente curtos com ndmero variavel nos diferentes arcastdfdém estabeleceram uma
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relacdo entre o comprimento e nimero de rastros branquiais caegarizatrofica, caracterizando
a tilapia como uma espécie onivora pelos seus rastros curtos e poerosuas. De acordo com
Sampaio e Goulart (2011) esta relacdo se fundamenta no fato dosglenaefagos ingerirem
particulas pequenas, e seus rastros numerosos e longos atuarenmndmpeneira para reter os
alimentos menores. Ja os onivoros ingerem particulas de diversobdamseus rastros branquiais
em menor quantidade e curtos favorecem a captura de presas maiores.

O esbfago de peixes é geralmente um tubo curto e reto com pagukssas, ligado da
faringe até o estbmago ou intestino em peixes sem estémbkgmlogicamente o eséfago é
projetado principalmente para a passagem de alimentos. A juncadfdgoes estbmago nao é
claramente demarcada anatomicamente em teledsteos, a nao ser petamasidibras musculares
estriadas (esodfago) e lisas (estbmago) (GROSELL et al.,).281ihudanca também pode ser
observada com o aparecimento de glandulas gastricas, no entartrarest#io se da de forma
gradual, revelando a zona de transicdo entre estes dois 6rgdos (KAPOOR et al., 1975)

Ao passar pelo es6fago, o alimento entra no estbmago onde aptesentgides distintas,
a regido anterior denominada de cardiaca, de paredes mais fieggoamediana ou fundica e a
regido terminal ou pildrica, de paredes grossas, que é uratuesinuscular (esfincter) que tem a
funcdo valvular (GROSELL et al., 2011). O estbmago armazena temapoeate o alimento e
desempenha funcbes mecéanicas que misturam o conteludo estomde@aidaura digestdo dos
alimentos. A superficie interna (mucosa) contém uma variedadgulascglandulares endocrinas e
secretoras exdcrinas, que contém células secretoras de mila® qée secretam o pepsinogénio,
acido cloridrico e enzimas digestivas (RUST, 2002; ROTTA, 2003).

O esfincter pilorico que tem uma funcéo valvular, mantém o alinmn&stémago até ele
estar fluido para passar para o intestino. Ele contribui impedindaaeafo bolo alimentar para o
estbmago e controla o tempo em que o alimento fica em contato soao @astrico, controlando
também a quantidade de material gastrico que entra no intestino (RUST, 200A4,R0O03).

A funcdo primaria do intestino € a realizacdo dos processos dige@omsauxilio das
enzimas) que se iniciaram no estdmago e a posterior absorcaoigleesitions e agua oriundos da
dieta (ROTTA, 2003; GROSELL et al., 2011). De acordo com Horn (1997) o coemio do
intestino é usado como um indicador do nivel tréfico em peixes. Em herb$eara®mprimento é
geralmente maior, quando comparados aos carnivoros (CLEMENTS BEMHEIMER, 2005).
No entanto, Kramer e Bryant (1995) alertam que a relacdo emtenprimento do intestino e o

habito alimentar deve ser aplicada apenas na identificacaortkegrgrupos. Ja Harder (1975) diz
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gue ndo hé relacdes claras entre morfologia intestinal e o tipo de alj@®ne que esta relagdo nédo
é conclusiva.

O intestino é um tubo relativamente simples, iniciando na valvulagailérierminando no
reto (em peixes sem estdbmago). Ele possui glandulas digestwas stiprimento de vasos de
sangue e linfa, onde se completa a digestdo iniciada no estofR&JOIA, 2003). Uma
caracteristica basica do intestino de peixes teledsteosesenpa de pelo menos dois segmentos
intestinais. O intestino superior apresenta uma quantidade massa&sie células de Globet do que
o inferior, este por sua vez apresenta uma camada muscusafimaailo que o superior. H4A uma
mudanca de um epitélio colunar de células secretoras e de absargaam epitélio que secreta
basicamente muco no intestino inferior. De um modo geral, as pantéstnais que apresentam
células mais complexas estao envolvidas com processos absortivos (SMITH, 1989).

Os cecos piloricos sdo estruturas associadas ao intestino sgperiapresentam formato
digitiforme. Hossain e Dutta (1996) estimam que 60% das espcigsixes conhecidas possuem
cecos pildricos. Buddington e Diamante (1987) demonstraram que ospdéciees aumentam a
area de superficie para a digestdo e absorcdo, mas ndo apnesenpapel na fermentacédo ou no
armazenamento. Rotta (2003) relata que ndo esta bem definiddstee uema relagdo entre a
presenca de cecos piléricos e o habito alimentar dos peixes, poisceleem nos carnivoros,
onivoros e herbivoros. Eles sédo responsaveis pela producdo de enzimassligesecrecdo de
horménios como insulina e glucagon. As tilapias ndo apresentam ceddsogjl mas em
compensacao possuem um intestino que pode variar de 7 a 14 vezes o complar@Tpo, o0
gual pode compensar a auséncia dos mesmos (POPMA e LOVSHIN, 1996).

De acordo com Rotta (2003) o pancreas da maioria dos teledésidasce ndo pode ser
facilmente observado durante uma dissecacao total. Smith (1989jae(®af13) afirmam que o
pancreas pode se apresentar em uma estrutura individualizada, omaelifoisa, com nddulos
pancreaticos espalhados no tecido adiposo, no mesentério, figado, dutedsi@ana biliar, cecos
pildricos, intestino, etc. Nas lampreias, um pancreas exocrinxiétarge e as células pancreéticas
e zimogénios estdo presentes no epitélio intestinal, sendo codaidera condicdo primitiva
(GROSELL et al., 2011).

2.4 Enzimas digestivas

Saldafia e Lopez (1988) mencionam que o valor nutricional de uma dieta hasesa
simplesmente na sua composicdo quimica, mas também na capasaddgida do peixe em
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digerir e absorver, de acordo com seus habitos alimentares. Daraligiestdo as proteinas,
carboidratos e lipidios sdo degradados em compostos mais simplesntir serem absorvidas e
utilizadas pelo corpo. Esta degradacdo € executada no trato dgestdrio auxilio de enzimas
(NIELSEN-SCHIMIDT, 1996).

As enzimas sao catalizadores biolégicos que aumentam de fotraaréxaria as reacdes
guimicas. Sua eficiéncia catalitica, em geral, € bem maioraqdes catalisadores sintéticos e
inorganicos, sendo fundamentais para qualquer processo bioquimico. Com excecédo de @lguns RN
cataliticos, todas as enzimas conhecidas sao proteinas e poddassiicadas de acordo com a
reacdo especifica que ela catalisa (tabela 1) (NELSON e COX, 2004).

Tabela 1: Classificacao das enzimas segundo IUBMB.

No. Classe Tipo de reacao catalisada

1 Oxirredutases Transferéncia de elétrons (ions hidretos ou atomos de H)

2 Transferases Reacdes de transferéncia de grupos
3 Hidrolases Reacdes de hidrolise
4 Liases Adicao de grupos as duplas ligacdes ou formacéo de dugpidedigpor meio

de remocéo de grupos
Isomerases Transferéncia de grupos dentro da mesma molécula parasiomeros
Ligases Formacéao de ligacdes do tipo C-C, C-S, C-O e C-N giorda reacoes de
condensacgao acopladas a quebra do ATP

o 01

IUBMB: Unido Internacional de Bioquimica e Biologia Molecular.Garbono; N: Nitrogénio; S:
Enxofre; O: Oxigénio. (Fonte: NELSON e COX, 2004).

De acordo com a IUBMB as proteases estdo inseridas no subgrupo gdupmo 3
(Hidrolases), pois por uma reacao de hidrélise, elas clivam ana@edicionando uma molécula de
agua a ligacao peptidica (BERG et al., 2004). A IUBMB recomentdanoo "peptidase” como
sinbnimo de protease, que é designado para qualquer enzima que hidiai8eslipeptidicas. A
nomenclatura das peptidases é problematica, de um modo geral stiiceigue € geralmente
dificil de definir, pois apresentam uma grande variedade dewasut acdes. No entanto, uma
classificacdo envolvendo o mecanismo catalitico €, por conseguinte utilizada.

Dois conjuntos de sub-subclasses de peptidases séo conhecidas; asdasesdiC 3.4.11
e EC 3.4.13-19) e as endopeptidases (EC 3.4.21-25). As exopeptidases atuamaspasx
extremidades de cadeias polipeptidicas em uma extremidadeniNakliberando um residuo de
aminoacido (aminopeptidases; EC 3.4.11), de um dipeptideo ou de um tripeptidptidatipee
tripeptidases, EC 3.4.14). As exopeptidases que atuam no C-terminéibveeum Gnico residuo
(carboxipeptidases, EC 3.4.16-18), ou um dipeptideo (peptideo-dipeptidases; EC 3.4.15). A

carboxipeptidases séo divididas em trés grupos com base no mecacesalitico: as
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serinocarboxipeptidases (EC 3.4.16), os metalocarboxipeptidases (EC 3.4.18s e
cisteinocarboxipeptidases (EC 3.4.18). Outras exopeptidases sédo expguafia os dipeptideos
(dipeptidases, EC 3.4.13), ou para a remocao de residuos terminais qubssdoidos ou ligados
por ligacdes isopeptidicas (omega peptidases , CE 3.4.19).

As endopeptidases sdo divididas em sub-subclasses, com base nommecatatitico, e a
especificidade é utilizada apenas para identificar enzimagduodis dentro dos grupos. As sub-
subclasses séo: serina endopeptidases (serinoproteases) (EC 3.4t2la @ndopeptidases
(cisteinoprotease) (EC 3.4.22), aspartato endopeptidases (aspaeatmzpt (EC 3.4.23),
metaloendopeptidases (metaloproteases) (EC 3.4.24) e treonina endopeftidasaoprotease)
(EC 3.4.25).

A tabela 2 baseada em Rao et al. (1998) demonstra a classificacéo e divisdedasprot

Tabela 2: Classificacao e divisdo das proteases

Local de clivagem

do substrato Sitio ativo da enzima Numero de residuos de

aminoacidos removidos
Aminopeptidases

Aminopeptidases Aminodipeptidases
Aminotripeptidases
Exopeptidases Sitio ativo da carboxipeptidase
Serinocarboxipeptidase
Carboxipeptidases Metalocarboxipeptidase

Cisteinocarboxipeptidase

Serinoproteases
Aspartatoproteases
Cisteinoproteases

Metaloproteases
Fonte: Rao et al. (1998).

Endopeptidases

As carboidrases e lipases também estdo incluidas no grupo dasdeislrohs lipases
(triacilglicerol acilhidrolases) sao carboxilesterases qoeesgntam habilidade para hidrolisar
ésteres de acido carboxilico de cadeia longa, elas catais@molise de ligagcbes éster na interface
organica-aquosaElas sdo enzimas ubiquas e sdo encontradas na maioria dos organismo
(microbianos, vegetais e animais) (ABOUSALHAM e VERGER, 2000)pases sao
fisiologicamente importantes porque digerem gorduras em acidos gareoa absorcao através da
membrana celular, e transformam triglicerideos em maiéaulals polares (LOPEZ-LOPEZ et al.,

2003).
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De acordo com Rotta (2003), o estbmago dos peixes € capaz de s$ipastagastrica, no
entanto, se comparada a pancreéatica, tem pouca atuacao no prapestseodias gorduras e, em
geral, hidrolisa apenas as gorduras de baixo ponto de fuséo e gifieatds. As lipases de origem
pancreatica secretadas para o lumen intestinal sdo as de maior impodéatigestao das gorduras.

As carboidrases, também conhecidas como glicosilases, sdo empimasatalisam a
degradacdo de carboidratos, ou seja, hidrolisam as ligacdes gliassétitre monossacarideos
formadores de oligossacarideos ou polissacarideos. De acordo comirtauet al. (1996) estas
enzimas atuama cavidade intestinal e na borda em escova dos enterécitos daipgestinal em
peixes, no entanto, ha relatos de sua atividade no estbmago de adgpéeEes. De acordo com
Silveira et al. (2009) as carboidrases aparecem também no suceatiancrestdbmago, intestino e
bile, mas ndo necessariamente em todos locais descritos para as espguisesdacs.

De um modo geral, os peixes aproveitam melhor os carboidratos comglexmso amido,
do que os acucares simples (New, 1987). Dentre as carboidragdadast em organismos
aguaticos as amilases merecem atencéo especial, ja qes@dasaveis pela degradacdo do amido
e glicogénio.

As amilases sdo enzimas que catalisam a hidrolise débdigaglicosidicasi(1—4) de
polissacarideos presentes no amido e glicogénio. Sobre o amido, atuam liberands pliedrgos,
incluindo dextrinas, maltose e glicose. Elas podem ser dividida®sngrupos: as endoamilases e
exoamilases. As endoamilases atuam de forma aleatéria no interior dalendi2amido, causando
a formacao de ramos lineares de oligossacarideos de cadeiamsiem@primentos e dessa forma
quebram as ligacBes glicosidicagl—4) presentes nas cadeias de amilose ou amilopectina
(GUPTA, 2003). Diferentemente disamilases (exoamilases), que sdo encontradas em vegetais
superiores e em algumas bactérias gram-positivas (PUJADAL, £996) asa-amilases podem
ser encontradas em animais, plantas, fungos e bactérias.

Em vertebrados superiores, as enzimas podem se apresentar desti@tasemonstrando
claramente suas areas funcionais. Para peixes, isto ndo adoa$trforma clara, uma vez que as
mesmas podem estar distribuidas ao longo do trato digestorio (LURNDSet al.,, 2004). Rotta
(2003) afirma que a maior parte da digestdo dos alimentos ocorrestmognos cecos pildricos,
guando presentes. Segundo o autor as trés maiores classes de épwiteases, lipases e
carboidrases) estdo presente com grande atividade nas secrecdes intestinais

Geralmente, os fatores externos, como habito alimentar e quantided®mida
desempenham um papel importante na distribuicdo e intensidade wdadad enzimaticas
(TENGJAROENKUL et al., 2000). Elas também podem ser influencipelasdade e a espécie do
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animal, bem como pela quantidade e composi¢cdo da dieta ministradeZRERI., 1998). Jun-
sheng et al. (2006) associam a distribuicdo e a intensidade deasnmiestinais com o habito
alimentar e a morfologia intestinal. Seixas-Filho et al. (1288 que a producdo da enzima
amilase ocorre estritamente no pancreas e no intestino, prinaipalerdre as espécies de peixes
carnivoras e onivoras.

Rotta (2003) ainda afirma que peixes carnivoros apresentam meaidade de lipases do
gue peixes onivoros e herbivoros. Seixas Filho et al. (2000) avaliaatiwidade lipolitica de trés
peixes de agua doce com habito alimentar diferente, encontrando ixaaatiadade para a
espécie onivora piracanjub®rycon orbignyanus e alta para as espécies pidieporinus
friderici) e surubim Pseudoplatystoma curuscanenivora e carnivora, respectivamente.

Reimer (1982), estudando o matrincligycon melanopterys observou que a atividade
lipolitica esta relacionada com a quantidade de gordura presententexido intestinal, e a
atividade amilolitica aumenta quando a dieta é rica em amido. Folmteuk. (2005) também
demonstraram que as diferencas no perfil enzimatico estddonaldos com o0s nutrientes
presentes na dieta.

Ja Nagase (1964), observou que ndo houve aumento na atividade de lipase glagmdo a ti
mossambica Sarotherodon mossambiqueecebeu dieta rica em gordura. Hidalgo et al. (1999)
analisaram as atividades proteoliticas e de amilase emespécies de peixes com diferentes
habitos alimentares, e observaram que a proporcdo de amilasatioi@dhde proteolitica total foi
maior em peixes onivoros.

Kuz’'mina et al. (1996) encontraram uma correlacdo entre a ativishaili@itica e sacarose
total da mucosa intestinal, a concentracao de carboidratos daedieiatensidade de alimentacéo
dos peixes. Jun-Sheng et al. (2006) observaram um aumento de atividad&ieszm tilapia
com um aumento no peso corporal, sugerindo uma capacidade pasa alitirentacdo de acordo
com sua fase de crescimento.

Kumar et al. (2007) avaliando atividade proteolitica em trés saatla catla Labeo
rohita e Hypophthalmichthys molitrjxobservou uma atividade proteolitica total mais elevada em
L. rohita (planctofaga) seguido del. molitrix (fitoplanctofaga) e posteriorment€. catla
(zooplanctofaga). As atividades de tripsina e quimotripsina foranristggeemH. molitrix. Os
autores sugerem que peixes herbivoros podem compensar sua dieta oeima pboaixa,
aumentando a sua atividade enzimatica. Alguns peixes herbivoros apresatividades
semelhantes de tripsina ou mesmo superiores quando comparados ass esgédieras,

possivelmente para maximizar a eficiéncia de digestado de proteina.
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Cara et al. (2007) avaliando as atividades de quimotripsina e tripeindarvas de
Dicentrarchus labrax,observaram que a atividade dos animais com restricdo alimensan f
superiores a das larvas com melhor qualidade na alimentacdo, suggrgdo aumento nas
atividades seriam para compensar as deficiéncias alimentares nolgneasa$oram submetidas.

Assim, um bom entendimento do modo de regulacdo das enzimas digestit@as
importante para o uso racional do tipo e quantidade de nutrientes utilizzsldsetas (MUHLIA-
ALMAZAN et al., 2003). Estudos nutricionais e enzimaticos contribuera foamulacdo de racdes
mais eficientes, reduzindo de forma extraordinaria os custos na pvodecgeixes comerciais
(CARUSO, et al., 1996). Além disto, podem-se diminuir os residuositEmsno ambiente, que
€ imprescindivel para tornar a aquicultura uma atividade sustentavel e evuolage viavel.

Tilapias sdo bem conhecidas pela sua capacidade de utilizar ande grariedade de
alimentos (LOWE-MCCONNELL 1975; BOWEN, 1982; PHILIPPART e RUWE1982;
TREWAVAS 1983). Molina et al. (2005) e Lu et al. (2006) demonstraramadtil@pia tem a
capacidade de ingerir e digerir cianobactérias em lagosfizados, sugerindo o amplo espectro de
digestdo deste peixe. Funcdes digestivas capazes de hiduatigarariedade maior de alimentos
tornam os peixes onivoros com capacidade de digestdo variada, adanpam o0s carnivoros
(ALMEIDA et al., 2006). Dentre as espécies onivoras, a tilégna se destacado pela elevada
capacidade de utilizar nutrientes de origem vegetal e animal, pagsiilita a elaboracédo de

racdes de baixo custo e alto valor nutritivo (SILVA et al., 2006).

2.5 Utilizacéo de residuos da industria pesqueira para fabricacao de racfes de orgamos

aguaticos

Uma boa alimentacdo deve satisfazer as necessidades nusiciasaespécies cultivadas,
como também ser de facil digestdo e com uma boa perspectivabensticio (LEMOS et al.,
2004).

A determinacdo de fontes proteicas de menor custo e que promovamrdsmimento, €
vantajoso tanto para a industria de racdes, como também para os aquicultores (€aY2B@1).
Sendo assim, varios estudos tém sido realizados para avaliarfoessproteicas que poderiam
ser usadas na fabricacao de racbes (JACKSON et al., 198ZERBAR96; OLVERA-NOVOA et
al., 1997; OLVERA-NOVOA et al., 2002; PLASCENCIA-JATOMEA et &Q02; EL - SAIDY e
GABER, 2003; GABER, 2006, LEAL et al., 2009). Tais recursos devem gaosnthesmos ou
melhores resultados de producéo, sanidade do animal, crescimento e qualidade do produto.
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O crescimento da industria de pescado tem gerado uma grande quadéidadéduos e
subprodutos que representam um desafio para os empresarios do set@raecparunidade
cientifica especializada, em buscar estratégias para ssge aividade seja sustentavel e
ecologicamente viavel. Segundo Arruda (2004), cerca de 50 % do pescadal prodiizido em
2000 transformou-se em residuo. Supondo-se que esse percentual tenimdice ohas 154
milhdes de toneladas de pescado produzidos em 2011 (FAO, 2012), 77 milhdasstdaa
descartados ou subutilizados, constituindo-se em uma fonte signifidatdesperdicio de recursos
e de contaminacdo ambiental.

Ao longo dos anos, diversos tém sido os esfor¢cos empreendidos por pesc sadmao
o mundo para desenvolver métodos que possibilitem a transformacés esduos em produtos
passiveis de utilizacédo tanto na nutricdo humana quanto na animaE(dRMe GUERRERO-
LEGARRETA, 2009; CHEN et al., 2011; CAHU et al., 2012).

A producéo de farinha, hidrolisado proteico ou silagem de camaréaaradpastibprodutos
das industrias pesqueiras (Figura 5) representa uma excelemtg@tala para o incremento da
oferta de proteina animal (MACKIE, 1982; HAARD, 1992; KENT, 1997; CAVALRO et al.,
2007), j& que estes subprodutos sdo usualmente descartados.

Figura 5: Residuos da industria damarao.

Fonte: Juliana Ferreira dos Santos

No entanto, o uso de farinha de cabeca de camardo na formulagdineletos para
organismos aquaticos ndo € recomendado devido a sua alta concentralgés @dedinzas, o que
resulta na formacao de péletes fracos com uma baixa estdiédaagua (CAVALHEIRO et al.,
2007).
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Uma alternativa seria a producdo de proteina hidrolisada. Véa&iosos métodos
empregados para obtencdo do hidrolisado proteico dos produtos e subprodutosropesquel
(GILDBERG, 1993). A presenca de enzimas proteoliticas no tratstdigede animais aquaticos
tem uma influéncia significante na producéo de hidrolisados, que podeiltises empregando o
processo de autolise ou um método de hidrolise, através da adigaaink@s (SHAHIDI et al.,
1995). Gilberg e Stenberg (2001) demonstraram que a proteina dos subprodatosudo ode
ser hidrolisada por proteases comerciais e recuperada como hatrglimteico com alto conteudo
de aminoacidos essenciais. A hidrolise utilizando substancias exdégenas penmielhor controle
das propriedades dos produtos resultantes. No entanto, os custos dasiasiljstézimas, acidos e
solventes) sdo um obstaculo para a viabilidade do processo. Piaskomea et al. (2002)
relataram que as condi¢cfes acidas em que o hidrolisado de silageamal€io € produzido faz
com que haja perda de nutrientes labeis, como o triptofano.

A autédlise é um processo enzimatico que pode ser usado como umatigheaos
processos que empregam substancias exdgenas, além de haver adpdssibié recuperar
moléculas bioativas, tais como quitina (para a producéo de quitosear@iendides (ARMENTA
e GUERRERO-LEGARRETA, 2009; CHEN et al., 2011;. CAHU et al., 2012).

No processamento do camarao, geralmente sdo removidas a caleeoasqgueleto e a
porcao posterior (Figura 6). Estes subprodutos correspondem a aproximizdadd do seu peso
total, o que torna importante seu aproveitamento do ponto de vista econordicstrial e
ambiental (HEU et al., 2003).

Figura 6: Desenho esquematico de camarao identificando os residuos da industria pesqueira
passiveis de utilizacdo na producéo de proteina hidrolisada.

Designer: Lin Diniz

38



De acordo com Leal et al., (2009) a composicdo de hidrolisado proteicantao
mostrou ser uma fonte adequada de triptofano, lisina, leucina, ardemnialanina, valina e
metionina.

De fato, a qualidade nutricional da proteina hidrolisada pode edtamionada com a
elevada concentragdo de pequenos peptideos e aminodcidos essenciaistarobgm de
compostos que estimulam a resposta imune nos peixes, promovendo assimmeate e
resisténcia a doenca (GILDBERG e STENBERG, 2001). Segundo Silveistal. (1994), é
preferivel utilizar hidrolisado em dietas do que misturas de amidas uma vez que di e
tripeptideos sdo absorvidos pelo intestino mais rapidamente do quenu&@dus livres. Estes
peptideos sdo também aceitos como atrativo alimentar devido allagéiom quimica que eles
podem produzir em larvas e juvenis, contribuindo para o consumo de didiagaiarnas fases
iniciais de cultivo.

De acordo com Muhlia-Almazan et al. (2003) e Lundstedt et al. (2004), mudanc¢agena ori
e quantidade de nutrientes podem afetar as concentracdes ou asdespgémicas das enzimas
digestivas. No entanto, Ezequerra et al. (1997); Moraes e Bidinoto) (20@€rem que 0s animais
aquaticos podem adaptar os niveis enzimaticos de acordo com mudancas na abmentac

A inclusdo de hidrolisado proteico na dieta de animais aquaticosidemamplamente
estudada, principalmente avaliando seus efeitos sobre o crescimendojvgoloia e atratividade
(KOLKOVISK et al., 2000; PLASCENCIA-JATOMEA et al., 2002; SAVDEt al., 2006 ). No
entanto, existe pouco conhecimento sobre o efeito de hidrolisados praeresas enzimas
digestivas de organismos aquaticos. Autores como Coérdova-Muruetacia-Garrefio (2002);
Cahu et al. (2004); Zambonino-Infante e Cahu (2007) e Kotzamanig20@I) realizaram estes
estudos, contudo ainda sdo necessarios mais pesquisas para fornengmidacie cientifica e aos
produtores respostas mais conclusivas.

Kotzamanis et al. (2007) avaliaram o efeito da inclusdo de hidroligadeico (dietas
contendo 10 e 19% de proteina hidrolisada) sobre as atividades de engestigadi em larvas de
Dicentrarchus labraxL.). Nao foram encontradas diferencas estatisticas entratasientos nas
atividades de amilase e tripsina. No entanto, a atividade de aipiiciye foi maior na
concentracdo de 10% de hidrolisado proteico. Cahu et al. (2004) vanficare a secrecéo de
tripsina foi maior em larvas dB. labrax alimentadas com dietas contendo 14% de proteina
hidrolisada, sendo reduzida a concentracdes crescentes (46%).

O efeito da inclusdo de proteina hidrolisada de camardo sobre am®rdigestivas de

tilapia do Nilo ndo estdo descritos na literatura. Esta infdmagde contribuir para um melhor
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entendimento do modo de regulagdo destas enzimas e de possiveigtedagda tilapia do Nilo na

digestdo de ingredientes alternativos.

3. OBJETIVOS

3.1 Objetivo geral:

Avaliar se mudancas na alimentacdo (inclusdo de hidrolisado prateicamardo) pode
afetar as atividades enzimaticas do extrato bruto dos tecidoatdaigestério da tilapia do Nilo
(Oreochromis niloticusL.) e avaliar a influéncia dos cultivos semi-intensivo e intengios

parametros zootécnicos e nas enzimas digestivas deste peixe.

3.2 Objetivos especificos:

1. Avaliar se a incluséo do hidrolisado proteico de camarao, em diferentes cagi@esitpode
promover mudancas nas principais atividades enzimaticas do extratadbsutecidos do
trato digestorio da tildpia do Nilo;

2. Obter o perfil enzimatico através de zimograma, de proteaseexti@dos brutos do
intestino dos espécimes experimentais, alimentados com difereoegntracbes de
hidrolisado proteico de camaréo;

3. Avaliar a diferenca entre os sistemas intensivo e semi-imteasiavés dos parametros de
crescimento da tilapia do Nilo;

4. Obter o peso relativo dos peixes produzidos em sistema intensivoi-ensssivo em
comparacao com tilapias provenientes de outros cultivos e de ambiente natural;

5. Determinar as atividades de enzimas digestivas nos extratos bios tecidos do intestino
de tilapia do Nilo nos diferentes sistemas de cultivo utilizando retibstespecificos e
inespecificos;

6. Obter o perfil enzimatico através de zimograma de protedseamilase dos extratos brutos
do intestino de tilapia do Nilo nos diferentes sistemas de cultivo;

7. Obter a eletroforese bidimensional dos extratos brutos do intestitidmla do Nilo em

ambos os cultivos.
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Abstract The effect of different dietary concentrations of shrimp protein hydrolysate
(SPH) on digestive enzvme activity of Nile &L?& Juveniles wos evaluted. SPH con-
centrotiony 1 diets were 0, 15, 30 and 60 g kg™ (reatments SPHO, SPH 15, SPH30 and
SPHAD, respectively). Hemoglobin, azocasein, BApMNA (Nz-bentoy]-bl-argining-p-ni tro-
anilide}, SApNA (Suc-Ale-Als-Pro-Phe pnitroanilide), aminoscy]l of f-naphtbylamide
and sterch wens used as substrates for engyme activity determinations. The netivity of
total alkaline pmdease was significantly higher (F < 005) in fish under SPHIS and
SPHeD trestments than in the contral (SPHO), However, the effect was nol dose-
dependent. Substrate-SDS-PAGE was also performed 10 evaluate changes in the profile

1. B, Bantos - A .V, de Fredtas Mader - L. B. Carvalho Ir. - B 5. Begerra (=0)
Lahorsde iy de Enmimalogia (LABENZ), Departymenio de Bioguimica,
Universidade Federal de Pemambues, Cldade Universiids, Recife,

FE CEP S0670-420, Brazl

e-mal ransoubeid ool com b

I. F. Banios - & C. W, de Freitas Minder - L, B, Carvalhe Ir. - B 5. Bererrs
Laboratirio de Imunopinlogia Keino Asami (LIKA), Universklsle Faderal de Permambico,
Cidsde Universitiria, Recife, PE 50670420, Brazi

1. B, Ssnios
Unidsde Academica de Seoa Talhada, Universidade Pederal Bural de Pemamboon,
Fazenda Saon, SN, Caixa Poail 063, Serra Talhsla PE CEP SEO00-000, Bl

P B. Catiro
Emberaps Medo-MNone, Caivs Poats] 341, Pamaiba, P16 200-070, Brazi]

AL L. O Leal
Companhda Hidre Eetrica do 580 Prancises { CHESF, Rua Delmine Gouvels,
333, Bong, Recife, PE S0761-901, Brazil

[». Laamos

Lshoratorio de Agideuliura Marinha (LAM), Institois Oceanogrs fico,
Lniversidade de 530 Paulo, Cidade Universiidgrts, S50 Faula, 5P 0S508-120, Brazil

Fuklished online: (6 Seplember 20112 ﬂ Springer

56



Aguaenlt I

of Mile tilapia digestive preases caused by SPH. Subsimie-SDS-PAGE revealed 12
potive proteolvtic hands, eight of which responded 0 SPH dietary incorpomtion. Inhi-
bitiom substrate-5D5-PAGE mdicated a decrease in the activity of thres emtymes, with
trypsin actvity decmeasing with the increass of SPH concentration, whersas the opposite
ovcurred for two aminopeplideses, Distinet prolesse profiles wene also found for each
trentment, suggesting adaptobility of digestive pmileases from Nile tilapia to the different
dizts,

Kevwords Digestive protesses and amylases - Nile tlapia - 8DS-PAGE tymogrims -
Shrimp protein hydrolysate

Tet rovchon et o

Tilapia production hes increased significantly on o global scale in the lest decade. This
development hes been followed by an incresse in feed consumption, stimulating the
search for new ingredients in diet formulations (Schulz et ol 2H7)L The growth of
the aguaculture industry has penersted large amoonts of waste and by-products, which
represent @ challenge o the sustmability of the sctivity (Bererro et al. 2001}, Shrmp
pmoessing waste, for instance, may be disposed of in the environment, where it may
potentially pollute water and land. By-products of terresirial and aquatic frming svslems
may be processed into suiteble ingredients snd osed as components in animal feeds,
following biosecurity principles for feed spplications. Shrimp processing wasle has been
identified a5 an animal profein source of greal potential (Fardmo el al, 200000, A simple
prtecal for producing protein hydrolvsate from white shrimp Litopenasus vannamei
{Boons) processing waste through autolysis has recently besn developed (Cahi et al
2012} This method renders o protein concentmis that is considered o be an excellent
solmee of aming acids, with high levels of glutamate, aspanate, lencine, Ivsine, tyrosine
and srginine (Leal et al. 20000, In fact, custecean protein silage and hydrolysete hove
been used in fish feeds both as a new protein source (Plascencia-Jatomea et al. 2002)
and, in small amounts, a5 favoring to enhance the attractiveness of fesds (Kolkovski
el al. 2000).

Warations in the quality and quantity of outnents wed in dist formudetions may modify
enzymatic profile and activity in the digestive tract of snimals (Lundstedt ¢t o, 2004),
Thus, feed composibon could mduce biological adaplations, including an increase m
nutrient ahsomption (Morags and Bidinotto 2000). Digestive enzvines hove besn invest-
guled ss o way of understonding nutriional requiremnents, and the effects of diet compo-
sition om enzyme sctivity in orler (o reduce feeding costy in fish forms (Camso et al, 1996),
Mosl studies thus far have evaluated the effect of different concentrations of prolein
curbohydrates and lipids in feed formulations, cormelating these results with enevme
potivity, and differsnces in engyme quality profile may be related to nutrient levels in the
diet (Pountoulald el al. 2045),

The present survey focuses on the following aspects: () the detectable changes in the
activity of the muin digestve enzymes caused by different concentrations of shomp protein
hydrolysate in tilapin feedy amd (b) the wse of subsimte-SDS-PAGE symogmms as un
effective tool o impmove the analvsis of these changes,
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Materials and methods
Mlaterinl 4

All reagents were of analyiicsl grade and purchased from Sigma (51, Loais, MO, USA) and
Merck (Dammstedl, Germuony ), The diets wens prepared in Poviers LTDA (Arsmguars—
Sao Paulo—Bmzil).

Shrimp protein hydrolysate production

Shrimp hesd processing waste, comprising the cephalothorax without the body carapace,
froom L. varmamer juveniles (total body weight abow 0012 g) was provided by a local
fishery pmcessing plant (EMPAF Lid ). SPH vsed in experimental diets was prepamsd
arcording to Cahd et al, {20012), In total, approxmately 20 kg of shrimp cephalothoraxes
was obtained, The shrimp heads were washed and stored ot =20 °C in plastic bags con-
tining [ kg of the material, After that, the mw muoterial was croshed in distilled water (1: 1
rufin: particle sige approximately S mm). The emgymatic sulolysis (prolewses foom the
shrimp midgut gland}occurmed in o vessel placed in o watsr bath at 45 £ 2 °C for 180 min
with constant stiming (700 mpm). The solution was then hested o 100°C for 10 min in
onder o deaclivale the engyvmes, pnd the solid portion was streined thmugh a L.0bmm sieve
{Cahi et al. 2012), The resulting mated al was centrifuged st 10,000 % g for 10 min, and the
supematants (SPH) was stored in plastic bottles ot =20 °C until the preparation of the diets
{Leal et al, 200070, The production method was similer to the mdustnal pocesses, Prev-
ously frozen-dried samples of SPH (n = 3) were used for proximate composition and
AA pnalyees (Tables 1, 2) in Protein Chemical Center of the Faculdode de Medicina de
Ribeidio Preto, Sio Paulo, Bradl (AQAC 1984),

Hydrolysis profile of SPH

Emzymatic hydmlvsis of SPH (45 °C) was followed by sampling of the incubation times of
0, 30, 60, 94, 120, 150 and 180 min, The hydrolvsis profile of shrimp prolein hvdrolysse
(Aliquots of 100 pg of protein, o= 3) wes evalusted in sodivm dodecy] solfate poly-
werylamide pel electrophomesis (SDS-PAGE)L wing stacking gel al 4 % (wiv) und sepa-
rution gel ot 17 % (Lasmmli 1970, The gels were stmined for protein overnight in 0001 %
{wiv) Coomussie Brilliant Blue. The background of the gel was destsined by washing in a
solubion containing 10 % (v/v) acetic acid end 25 % (v/v) methanol. The moleculsr mass
of the protein bands was estimated using the 220-10 kDamolecular mass protein standards
{Sigma),

Tahle 1 Proximate composdtion

(%) and energy of lyophdized Conpnaiion M

shrmp protein hadoolisse Moiakie () 97

Crude proiein (%) 436

Ether exiract (%) Hd

Ash (95 73

Carbahyydrate (%) EEN |

SPH, from Liipensens vommei  Energy (Keal 100 ") 833
{Leal eial 20100
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Table 2 Aming scid compos-

vien of the sheimp protein Aming acids SPH

halrolizae mg 100 g~* 0
Exxentiad
Arfginine J40uy + (03 73
Histidkine 1ia6y + QU0S 23
Baoleusine 20y = (021 43
Leucine 3400 + D02 T4
Lysne F350 + QUi T2
e thi e ne 12400 £ (U0S 27
Phaany s lanine 2370 + QU2 5.1
Theeanine 1M+ 00AL 45
Thrypiophan 670 +0.016 14
W aline 2250 + 0012 48
Nevmy-ensentiol
Tyrod e 3370 £ (U T2
Asparnic aoid 420 + 00aL Gl
Crltamis scid 5780 + Qu3 124
Gilyeine 2850 + (DS %]
Serine 20 + (Ul 43
Alanine I £ QU1 Gh
Proline 200 + (024 B3
Cystine 410 £ 0015 0%

SPH from Litope naeus vashamel  Tos) AT 100

{Lesl etal 2000)

Dnets preparation

According to Leal et al. (20100, four isonitrogenous (37 % cnide protein), isocaloric (total
energy: 440 keal 100 g"]} experimentsl diets were formulated 1o feed Oreochromis nil-
oticus juveniles (Table 31, Shrimp protein hyvdrol ysate (SPH) was included in the diets
ol concentmtions of 0 (contml—SPHO), 15 (SPHI15), 30 (SPH30) and 60 g kg™ (SPH60),
as 1 fed basis, A 1:2 snimalfplant protein mto (fshmeal and sovbesn meal, mspectively)in
the diets wes esteblished, SPH (hguid ) was mixed with soyvbean meal, and the doogh was
drizd at 65 °C for 24 h. The ingredients were mixed and the diets prepared by exirusion
under industrial conditions to obtain --mm diame ter pallets,

Animals pnd cultire conditi ons

Juvenile sex-revemed Nile tilapips were obtained fom the Aguoculture Station of the
Universidade Federul Rural de Pernambuco. The fish were stocked i fifteen 40-L gloss
aguerin (8 ind. per aquanum) equipped with o biological filter and contimous aeration and
then submitted 1o a T-day scclimatization pedod both for diets and experiment al conditions
in n completely randomized desigm, with four trestments and three replicates, The animals
were kept in a photoperiod of 12:12 LD Pdor to the feeding trinl, fish were weighed
(L7 £+ 0.4 g) and measured (4.7 + 0.4 cm). Individuals were fed a ratio of 15, 14, 12, 10,
B ond 6 % of biomass per day, adjusted every 9 days for & pedod of 45 days. Feed was
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Table 3 Composition and spproximae anslysds of the experimental dies

Ingredients (%) [Hets
SPH @ SPH 15 SPH 30 EPH &)
Fish mesl {57 & CF) 230 e} 2140 180
Shritnp protetn bydmlysate (SPH) T 1.5 10 &)
Soyhesn meal (404 % CF) 470 47.5 475 47.5
Whesst mzal 160 134 134 155
Com stanchy 104 120 119 @4
Soylsean odl 14 L0 140 1.0
Ihcaléium phosphale 1. Ly 140 1.0
Mineral and vitamin mdx® 140 . 10 10
Balt 0 05 04 05
Antioddant BHT {2 2 2 2
Prowimate analysis {25-fod bass g kg™')
Dy miater G448 LELE L G467
Crude prodein inse 4.3 a2 ARG
Either extract 48.1 562 331 559
Crundler filbver 33 EEE: 41.1 466
Ash 1057 e 14 1.2
Mirogen-lnes exrac 436 4278 4290 4350
Calehim 232 217 200 17.2
Phoaghons 124 125 128 118
it enesgy (keal 100 67" 4383 4445 422 4318
MGE ratio (mg keal™") B40 84,1 #4.6 1.0
Leal et sl 200

P crude peotein, BHT butylsed ydoxyole e

* Mineral and viamin mix (quantry kg-l premix): viamin A (20000 UT), vitsmdn [y (5000, vitsmin B
(250 mg), vitamin Ks (25 mgh, vitumin By (375 me), viiamin B {375 mg), vitamin Be (25 mg), vitzmin
By (00053 mg, vitamin O {250 md), ndacin (X0 me), pantohenic acid {100 me), biotin (1,25 mng), choline
(1000 mgd, inesdind (250 med, Be (100 me), Cu {12 mg), Zn (125 mg), Mn (375 mg, Se (035 mo),
11125 mgh, Co (025 me)

" Batimate based on 565, 4.2 and 9.5 keal g7 for proeins, carbolwydeates and liplds, respectively

offered 4 times per day. The fish accepted und fed on all diets over the experimental period
{Leal et al. 20100

The squira were siphoned twice a day 1o remove solids, with 66 % water being
repluced with clesn water every doy, Tempemture (287 £ 0.59 °C), dissolved oxygen
(35 £ 0.92 mg L=") and pH (B.1 £+ 0.19) were measured twice a day (n = 90), Ammaonia
(0,14 + 022 mg L™") and nitrite (008 £ 0.02 mg L™") were monitored once a week
{n = ), Values are sxpressed as mean &= SE

Growth and nutrient ulilization
The effects of SPH on the growth pedformance snd nuirent utilization sre shown in

Table 4, Growth performance was evalusted through weight gain rate (WG, average daoily
gain (ADG), specific growth mie (3GR), feed conversion ratio (FCR), protein efficiency
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Table 4 Crowth performance and nutdent oilization in Nile tilapds fod on dies containing shimp paodein
Ialrlyaste inseead of fih meal replace ment

Dien SPH O SPH 15 SPH 30 SPH 60

Initial weight (g} 168 + (.14 LT + 007 L7% + 0 AL + (.06
Final weight (g) 2718 + 247" 46 + LT .00 + 307 25,19 + 249
Survival (%) 10007 100 100.07" 100.0F

W (g 481 + 257" !IVE L™ .2 + 3™ 139 + 240
ADG (g day~")* (157 + 010 (L2 + 0= {154 012" 052 +0.10™
SGR (% day ™' 115 + 058 138 + 0.10™ 685 + 068 673 £ 057
R 115 + 02 L0+ 016™ L13 £ 010 117 + 012
PER® 226 + 039 2+ 036 230 + (LI8™ 214 £022™
ANPL 3931 + 390 A0 £ 160 .5 + 154 72+ 208
Leal ot 2l 2010

D¥if fereni sperseripis in the same column dense smisdeal differences (P < 005) and “ns" denotzs mo
stalistieal differences. Values are mesn + SE of five replicaes

* Weight gain raie, © Average daily gain, © Specific growih rate, © Fead comversion ratio, © Prodein effi-
clency rathe, © Apparent net prodein wilization

rutio (PER ) snd apparent net protein atilization (ANPLU) based on the following formulae:
WG g) = BWy = BWi: ADG = WG (gtime (days)y 3GR = 100 (Ln BW, = Lo BW.)/
time {days ), FCR = dry feed offered (g)wet weight gain (g} PFER = wel weight gain (g)/
potein fed (g); and ANPU = 100 [(BW, x BCP) — (BW; x BCP)JATF x CP), in
which BW, and BW = average initial und final body weight {g) of fish, respectively; BCP,
and BCPy = initiel und final body crude protein (g 100 5“1 1 mspectively: TF = otal
amaunt of diet fed (g} and CP = crwde potein of diet (g 100 g‘]}{l.ﬂul et al, 2010,

Edmction of digestive enzymes

At the end of trial, fish wene left to fast for 24 h, and six individuals from each replicats
aquaritm {divided into two replicates per agquarium) were removed and killed in an ice
bath for biometric messurements and tissue removal, according o standard methodology
{Bezerra et al. 2001), Stomach and miestines were immediately collected and homogenized
(40 mg tissue mL™ " in0.01 M Glycine—HCIL pH 3.0 and 0,01 M Tris-HCI pH 8.0 bufers,
respectively, containing 015 M NaCl, using o tissue homogenizer, The resulting prepa-
rations were centrfuged al 10,000 % g for 10 min al 4" C 1o remove cell debris and nuchei.
The supernatonts (crude enevme extracts) were fozen ol =20 *C and used in further assavs
(Beerra et al. 2005). Protein concentmiion was determined acconling o Bradiord (1976}
using bovine semm albimin (BSA) as the standend and reported as mg of protein egquoiv-
alent 1w BSA.

Total acid proteclytic activity

Acid prfesse activity wias evaluated nsing hemoglobin (Hb) as the substrate as follows: in
microcentrifuge tubes, 100 pl. of 2 % Hb n 0,06 M Glycine—HC1 buffer pH 3.0 was
mixed with 50 pL stomach crude extract and 350 pl 0.5 M Glveine-HCI buffer pH 3.0 for
6 min at 25 °C, Five hundred mucmbiters of 10 % mchlomecetic acid (TCA) was then
wdded to stop the macton. After 15 min, centrifugation was coried oot o 8000=g for
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10 min. The sheorbance of supernatont (70 pL) was messured ot 280 nm (Bio-Fad
SmartSpec 3000, USA) vensus a similady prepared blank in which 0.01 M Glyeine-HCI
buifer pH 30 replaced the crude extract sample, based on & methodology adapted from
Diaz-Lopez et al. (1998). Previous experiments showed that, for the first 60 min, the
repction camied oul under the conditions described above followed Arst-order kinetics, One
unit (L) of enzyme sctivity was defined as the amowmt of enzyme capable of hydrolyzing
hemoglobin to produce a 0000 chenge in absorbance per minole per milligmm of
pauHein,

Total alkaline proteolytic activity

In micmcentrifuge tubes, 1 % arocasein prepared in 0.1 M Tris-HCI buffer pH 8.0 was
moubated with intestme cude eneyme extract (30 pL) for 60 min at 25 °C. Two hundmed
and forty pL of 10 % trichloroacetic acid (TCA) was then added (o stop the meaclion. After
15 min, centd fugation was carried ow sl B000x g for 5 min, The supernatant (70 pl) was
wmided to 1 M NaOH (130 pL) in a 96-well microtiter plate, and the absorbance of this
mixlure wis messuned in oo omicrotter plate resder (Bio-Fad 680, Jopan) at 450 nm versus a
similar prepamsd blank in which 001 M Trs—HCl pH 8.0 replaced the crude exiract
sample. Ome unit (U) of enzyme setivity was defined as the amount of engyme capable of
hydrol yzing aeocasein o produce a 0,001 changs n absorbance per minute per mill igram
of protein (Bezerm et al, 20035],

Trypsin and chymotrypsin activity

The setivity of trypsin and chymotrypsin was determined vsing 80 mM BApNA (Na-
benzoyl--arginine -p-nitroanilide) and 8.0 mM SApNA (Suc-Als-Als-Pm-Phe p-nitro-
anilide} in DMS0 (dimethyl sulfoxide), respectively. Intestine crude enzyme extract
(30 pL) was incobated with 0.1 M Tris-HCI buffer pH 8.0 (140 pL) and mspective sub-
stridees (30 pl) in a miceotiter plale reader (Bio-Rad 680, Japan). Absorbance was mes-
sured ut 405 nm versus o similar prepared blank in which 0.1 M Trds—HCL pH 8.0 replaced
the crude extrocl sample. Engvime activity was determined in triplicate. Trypsin and
chyvmotrypsin units of activily wen expressed a4 a change in abhsorbance per minule per
milligram of pmiein (Bezema et al. 2005).

Ammopeptidase setivity

Aminopeptidase activity was evaluated using aminoacyl of fasphthylamide (A& of
argimine} as substmte. The procedure mdepled from Oli veim et al, (1999) was corried oot in
triplicate, by incubating 4.2 mb substrate (30 pL), 50.0 mM sodivm phosphate buffer pH
70 600 pL) sod deionised HxO (50 pl) o 37 °C. Afler tempersture equilibmtion,
intestine crude extract (50 pL) was added, and 30 min later, the maction was stopped by
adding 1 mg mL™" fresh Garnet reagent (250 pL) in 0.2 M sodium acetate buffer pH 42
contaimng 10 % Twesn 20 (wv). After 10 min, absorbance was messured ot 525 om (Bio-
Bad SmartSpec 30N USA), end the amount of f-naphthylumine was determined using a
stendard f-maphthylamine curve. Activity was expressed ad protease mif mg“] of protein,
Ome unit of enzyme activity was defined as the amount of enzyme requinsd 10 hydmolyas
one pmal of p-nitmaniline per minute per milligmm  of proten,
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Amylase activity

Amylase sctivity was evalusied sccording to Bernfeld (1955) wsing 2% sturch as
unspeci fic substmte: 60 pl intestine crode extract were mcubated with 375 pL starch
solution end 375 pl. 10 mM phosphate boffer pH 80 contuning 15 mb Na(l at 25 °C
After 20 min, 3.5-dinitro salicylic scid (DNSA) wes added pnd the solution was heated o
100 °C for 10 min. Afler tempemture equilibration, absorbance was measured of 570 nm
(Bin-Rad SmartSpec 3000, USA) versus o similarly prepared blank in which 10 mM
phosphate bulfer replaced the crude extract sample, Engyme activity was detemmined in
triplicate. (e unit of enzvme activity was defined py the amount of enzyme required o
liberate | mg of malose per milligram of profein per min.

Enzyme charsclerization in substrate-SDS-FAGE

Proteases from intesting erude extract of (0 niloticns (Aliquots of 50 pg of protein, n = 3)
wene studied in substmie sodiom dodecy] sulfate polyacrylamide gel electmphoresis (SDG-
PAGE) using stacking gel at 4 % (w/v) end separation gel at 12,5 % (Lasrmmli 1970),

Zymograms of prolease activity were carmied oot based on Garcie-Cameiio et al, (1993),
After electrophoresis, the gels were immersed in 2.5 % Triton X- 100 dissolved in 001 M
Tris—HCI buffer pH 8.0 to remove the SDS and incubated with 3 % casem (wiv)m 0.1 M
Tris—HCI buffer pH 8.0 for 30 min ot 4 °C. The temperatune was raised to 37 °C and
maintsned at this value for 9 min to allow the digestion of casein by the active froctions,
Finally, the pel was stwined overnight for protein in 0018 % (w/v) Coomaussie Brillinnt Blue
R250 prepared in acetic acid and methenol (10:25 % viv), and the background of the gel
wits distmined in scetic pcid end methanol (10:25 % viv) Clear bands in blue backgnind
dented protease bands by digestion of casein subsirate.

Ivhibition assave using substrate-S0S-PAGE

The following inhibitors prepared in DMSO ot a8 final concentmtion of 2 mb were wsed:
Toey] phenylalonine chloromety] ketone { TPCEK—chymotry pain inhibitory, Phenyl-methyl-
sulfonil-fluoride (PMSF—senne proteases inhibitor), bemeamidine and tosyl-Ivsine chlo-
romethyl ketone (TLCK), both trypsin imhibitors; and bestatin (lewcine  armi mopept idse
inhibitor}. For the inhibiton study, only the crude extmets from animals under SPHO
trestment (n = 3) wers wsed, since all cassinolvtic bands were found in this trextment,
Samples of engyme extract (100 pL} and inhibitors (100 pL) were incubated at 25 °C for
30 min. An aliquot of 50 pg of potein wis collecled and applied on each respective lans,
After that, the dymogmm was performed oy described above, The 100 % values (contml)
were established wing DMS0 without inhibitors (Lemeos et al. 2002, 2004)

Statistical analysis

All datn were tested for normal distribution (Shapico—Wilk lest) snd homogeneity of
vur arces (Bortlett's test), One-way analysis of variance (ANOWVA) by Tukey test was nsed
for nommally distributed data, whereas Kruskal-Wallis test was used for nam-normally
distributed data. [h Farences were reportad as stobistcully significant when P < 0,05, using
the SvsEapm software (beta version],
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Resulis

Figure 1 shows the hydmolysis profile of SPH, Enzymatic aulolysis {(proleases from the
shrimp midgut gland} visibly promoted the digestion of proteins with the greatest
mud ecul or mass over me. AL me 0, most proteing had molecular mass between 15 amd
T0 kD, ot time 1500 min, most proteing wene smaller than 15 kDo,

Table 5 shows the enzyme activiies in the crude extrocts. Statistical differenoes
(P = 0,05) between animabs fed the experdmental dists (SPHO, SPH1S5, SPH30 and SPH&0)
were anly chserved for total alkaline proteases,

Substmie-5D5-PAGE 2ymograms revealsd caseinolytic sclivity in crude exiracts of fish
fmm all treatments (Fig. 2). Twelve caseinolytic bands were foind in enimals fed on SPHD
and were named P 1o P12, showing the highed number of active bands among reatments,
Protzases P1oto P4 were not significantly affected by the addition of the protein hydro-
Ivsate, but PS5 1o P12 underwent alierations in the cateinol ic pattern, As the concentmtion
of hvdrol ysate meressed, there was o decrease in the activity of protesses PG, P7 and P8,
The oppoile occumed for P53, P9, P10, PLI and P12, in which the cuseinolylic bands
proved mors inlense,

The effect of specific inhibitors on the caseinolytic bands from fish crude emzyvme
extract is shown in Fig. 3. As observed in Fig 2, the symogram of the cude extroct
(SPHD) withowt inhibitors (control) revealed 12 caseinolytic bands. TPCK did not sig-
nificantly affect the coseinolytic sctivity of @ nifoticns entymes, and PLL way the only

W o™ w @ !“# \‘F'# n"-\“'# \."'#

Fig. 1 Hydrodysis profik of shamp poodein lydmolysste (osdng aufolysis) in sedivm dodecy] wlfae
ey viamide gl elecinogeone ds (SDE-PAGE) wang sweking gel ot 4 % {vwiv) anl separation gel o 17 %.
Lanes eomespond i molecilar mas madker (MM) and incubation wmes of 0, 30 &0, S0, 120, 150 and
18 min of eneymatic lypdrolyds. SPH was prosdoced ihrough muolysis of Firapenoess  vasname |
cephalotharay (heads)
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Tahle & [Mpestive enzyme sctivity of crude extracts necovensd from siomach {ackd) and infestine of
Juvendle Mile tlapda € adeficars Fed on e xpertmental diets contining mereasing sheimp prokein by dmlysale
Tevels {(-60 g kg™"

Ihes Add proteciytic  Alkaline Trypsin Chymosypsin Amnopeptides  Amylme
activity proealytic
wolivity

SPH 15584 & 1427 11804 055 2584+ 009" 2270 126™ 4168 £330 4547 4 392"
i
SFH 11038 & 22R3™ 1535 4 07" AR L1730k 3™ 4554 & 1™ 5350 4 465
15
SPH 16249 4 1669 13604 073 2824 (2AF* 3084 202%™ 966 £ 208 48794 452"
3

SPH 132194 1314™ 1523 <4 BRE" TAT kLIS 3666k AT FRRS L 21T 5677 & 431"
ik

Acid and allaline protealytic sctivity expressed s U mg of Prodein (P} ~'; toypsin, chymoirypsin and aminopeps
fickxe acfivity exprewed 2x mUmg ™" of P; and amylaw schvity expresed 35 mg of malose min~ mg of F .
Dhiffemnt supersoripts in the seme column denote sttistical differences (P < 005, and “ns" denotes oo saticfcal
hfferences, Valoes are mean + S5E of five replicsies

enzvme inhibited by TPCE. PMSF revesled high inhibition of P9 and P11 caseinalyiic
bands, Benzamidine completely inhibited P6 and PR bands. One band between P5 and Pa
enzymes (white armow) revealed activity in the presence of benzmmidine, but it did oot
appear in the contml, TLCK strongly inhibited P3, P4, P& P7. P8 and P11, Bestatin totally
inhihited seven digestive enzyme bands of 0. niloticur (P3, P4, PS, PG P7, PR and P9),
Inhibitors had no effect on PL P2, P10 and P12 caseinalytic bands.

Dis cuess o
As cun be observed in Fig. 1, autol vsis efficiently solubilized and bydrolyzed protein from

shrimp processing waste (cephal othorax section) and produced protein hvdrolysate, which
wis shown o be o promising protein feedsnd for Glapia,

Fig. 2 Zymogram of digeaive

o
professes (3 % caein a8 5
subsirste) of inlesane encyme #f-q' J}J" éﬁ:ﬂ '525’

exbracts from juvenle Nike tilagps

( mikericus Fod on dels 1
contaming dalleneni B —
onceniralons ol Shrmpy paokem
hydmolyase (SPHL Lanes K >
comegond 16 Hetary SPH Py —
inchssn (%) SPH O, SPH 1.5,
—
SPH 3 and SPH & Furbuer deisils ﬁg ==r
in Magrmle snd methods”
PT
PE —»
PO —
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P13 —

€] Springer

65



Agquacull Int

Hydrol ysis using exogenous substances allows better contmol of the properties of the
resulting products. However, the cost of the substances (eneymes, scids snd solvents) is an
abstacle to the viebility of the process, Autolysis is an engymatic process thal can be wsed
os on slemative 10 processes thal employ exogenous substinces o mcover binactive
molecules, such ws chitin (for chitosan production) and canvenoids (Arments and Guer-
rem-Legarmsta AWK Chen et al. 200 1; Cohil et al. 3012), Momover, aulolysis is & commimn
method used o treat fish and shrimp waste, since it does not use any exogenous chemicol
or binlogical sdditive, for example silage, The degree of hydrolysis affects certein product
properties, like viscosity, solubility and the pantition of proteins. These, in turn, influence
the ahsorption capacity and rate of passage of the diet through the gastroinlesting] tract,
The solubility of the hydrolvsates depends on the naturs of the raw material, method,
temperature and hydrolysis tme (Kolzamanis et al. 2007), Plascéncia-Jatomea et al, {2002}
reported that the acidic conditions in which fermentative shrimp silage hyvdrolyvsate iy
produced cmme the loss of lobile nutrients, such as trvplophan. Although the two products
have o very similar essential aming wcid composition, the SPH produced here proved to be
pn adequate source of ryplophan, oy well a8 Ivsine, leucine, mginne, phenylalmme wnd
valine (Leal et al, 20007,

The use of hydrolyzed protein in diets for equatic animals involves some particularities
that should be wken nte accoml. For example, diets with high content of hydrol vieed
protein con lead o a loss of nutrients by ldviation, because it conlaing high levels of small
peplides that are usoally more soluble (Leal et ol 20000, The extent of hydrolysis can resolt
in protein hydrol ysates with different contents of amino acids, di- smd tripeptides, oligo-
peptides, polypeptides snd proteins, which will oltimately result in differences in the
quality of the diet,

The nutritional value of a diel is nol based simply on it chemical composi tion, bul alse
omn the ability physiologcal fish to digest and absorb, acconding to these animals” eating
habits. Dunng di gestion, these proteins are broken down into simpler compounds (peptides
and free amino scids) and then are shsorbed by specific membrane proteins specialized in
peptide transport (e.g., PepT1) and wilized by the body (Sungalett et al. 2009 Terova
el al, 20089 Verri et al. 2001}, This degradation in the digestive truct s performed with the
pavistance of engymes. A number of authors have anolyired digestive ensvme activity in
pijuatic orgenisms and distary composition, reporting divengent results, Nagase (1964) and
Eohla et al. (1992} found enhonced trypsin activity, correspomding (o an imcresse in

Fig. 3 [nhibitiog 2 ymoman of

digestive protesses (3 % caiein h&{i:ﬁ?
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fesding mtes for the species Mogambique dlapia, Oreochromis mossambions (Peters) and
Colosroma macropomien (Covier), respectively. Papoutsoglou and Lyndon (2006) found
an incresss in chymotiypsin activity in Spotted wol fish, Anarfiichas minor (Olafsen), when
the protein concentration wes reduced indicating the adaptation of this species 1o low
protein concentrations as o way to better shsorb nutrients fom the diet. Stodies shout the
effect of protein hydrolysates on the digestive ensymes from agualic orgenisms are
available in the literatore (Comdove-Muriets and Goreia-Cormefio 2002 Cahu et al . 2064
Zambonino Infante and Caho 2007), However, there is little information regarding the
specific effects of dietery supplementation with shnmp pritein hydrolyvsate on the dipestive
eneyvmes in Mile tlapia,

In the present paper. no statistical differences in pmlenses activities were observed
umong the SPH 0 {control) and treatments with higher concentrations of SPH (SPHLS,
SPH3) amd SPHAD) (Table 5}, or in grow th parameters (final weight, survival, weight guin,
avempe daily pain, specific growth rate, feed conversion ratio, protein efficiency ratio, or
apparent nel profein wlilization) (Table 4) (Leal et ol 20000 Only the activity of total
alkaline proteass was sigm ficantly higher (P = 0005} in the fish under SPHES and SPH 60
treatments, when compared o SPHO (comtml) (Table 51 No correlafion was observed
between different concentrations of hydmlvsate in the diets and the activity of any of the
enEyvmes studied,

European sesbass, Dicentrarchus labrax (L) were fed diels contsining endvmatic
hydrol veed replacement for fish meal (native protein) in the propodions of 0, 20 and 40 %,
Zambonino Infante et al. {1997 ) demomatrated that fish o the frypsin activity was enharced
by the native protein, whereas chvmotrypsin activity wis enhanced by the diets containing
di- amd tripeptides, On the other hand, Kotznmanis et al, (2007) also evolusted the
inclugion effect of protein hvdrolysate on the digestive enzyme sclivities in BEuropesn
sepbags, 0. labrax lorvee fed on diets with 10 ond 19 % protein hydrol vsate, They found no
statistical differences in amylase and trypsin setivity between ireatments, However, ami-
nopepiidase sctivity was higher when 100 % prodein hydrolysate was admimistersd, Thus,
the shience of statistical & Terence found for most enzyvmes, and growth parmmeters can be
reluted to the loss of SPH by lixiviation, In sddition, commercial substrotes used in this
study showed no sensiivity to detect differences in most of the ensymatic activities; in
other womrds, it was observed that the effects of SPH on the digestive enzymes were
comparahly small and not dose-dependent,

The different results observed in the Derature and those oblained here led us 1o consider
ather methods, The gymograms afforded to observe the dose-dependent effect of SFH on
some prideases (caseinolytic bands). In fact, zymograms appear to be & mome sensitive
brochemical ool m comparson with other methods for detecting the proteinass compos-
sition of cride extracts from Gssues and o allow the delemmination of enzyme aclivity
zones (Gamcia-Correno o al. 1993),

Through analyses of inhibition ymogroms, it was possible to determine the following:
ome casenolytic band with ammopeptidese activity {inhibited only by Bestatin, P5) and
probahly another aminopeptidase (P9 inhibited by Bestatin and by PMSF: some other
aotive bands, F3, P4, Pa. F7, PE and P11, seemed 1o be proteases of low specificity, with
rypsinfaminopeptidase activity (F3, P4, P&, F7 and P8 which wem inhibited by irypsin
inhibitors and by Beststing and chymotrypsindirypsin sctivity (P1LL which was inhibied by
PMSF, TPCK and TLCK ) It was not possible (o identify PL, P2, P10 and P12, a8 none of
the inhibitors had sny effect on these proteases. Comparing the zymogram of enzyme
wetivity pocording to distary treatment (o the inhibition gel, of incressed concentration of
shrimp profein hydrobysste, ther was an overall slowdown of prolesses with trypsin
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activity (Ph, P7 and PR). On the other hand, it was identified that the caseinol vt bands PS
and P9 {identified oy aminope pidose sctivity, Fig. 3) grew in intensity with increasing SPFH
conlents, The caseinolytic bands P10 and P12 (not identified) and P11 {with chymolrypsin-
likeftrypsin-like activity) also exhibited an increase in intensity with the inclusion of SPH
in the diet, Cahu et o, (2004} found that trypsin secretion was higher in larvvee of the
I labrax fed on diets with 14 % protein hydrolysate, being redoced with increasing
concentrations (46 %),

Zymograms in Figs: 2 and 3 show that the classical protease inhibitors berein employed
were nol effective upon some caseinolytic bands (P1, P2, P10 and P12}, and in some cases,
the mbihitory effect was not conclusive (P53, P4, Po, P7, P8, P9 and P11, suggesting a low
compatibility of these enzvmes with mammalian proteases. In fet these commercial
mhibitors are generally synthestzed based on the mammalian engyme mechanism, and s
the fish digestive system may be considersbly different from that of memmals, differences
in Lhe mechanisms of their enevmes may also occur. Inspite of the results of the present
work, tlepin digestive emsymes were nol considerably affectsd by classical trypsin
inhibitors. Bezerre et al. (2005) showed that purified Nile tilapis trypsin could be strongly
inhibited by TLCK and Benzamidine. PMSF was shown shle to inhibit about 50 % of
trypsin activity.

Although there were differences in digestive enayme sctivity (total alkaline proteases)
betwesn fsh fed different experimental diets, there was no clear relationship betwieen
engvime sctivity and different concentrations of shrimp protesin hydrolyvaate in these diets,
Substrate-5D5-PAGE symogmm pmoved 1o be efficient in detecting changes in entyms
aotivity in fsh submitted o different diets. Through this method, differsnt protease profiles
could be detscted pcoording (o experimental diet, These datn underscore the sugpested
whility of tilapis to adapt o different food sources, Actually, as an omnivorous opporio-
nistic fish, tilepia is able to pssimilate nuinents from different sounces, like benthic algae,
phyvioplankion, macrophytes, ooplunkton, small invertebrates, detrtos and eyanobocteria.
The fesd choes i manly melated to the availability of food items in the enviromment
(Bowen 1982 Fitrsimmons [997: Stickney 1997; Beveridpe and Baird MWk Lowe-
MeConnell 2000, To benefit from all these sources, the enzyvme amenal of dlapia should
be diverse enough (o digest the wide mnge of ingested food,
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Highlights

Even though no statistical differences in growth parametes maivbeen observed between
fish reared in semi-intensive and intensive systems, protein audld effieiencies and
condition factor were better in semi-intensive system in 31 days of culture.

In this work, the relative weight of fish grown in semi-intensawel intensive systems was
higher in 9 out of 14 comparisons with natural conditions and other cultures.

The equation of condition factor and its derivatives (Kmean and Krel)ed to be useful

tools when assessing growth.
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Abstract

Nile tilapia is a fish species that can be produced in éffteculture systems and scales, including
the semi-intensive systems in ponds and the intensive system is. CRugr handlings are
completely different, so it is required management to stabilme growth parameters and
production costs. Therefore, the present work intends to evaluateflttence of semi-intensive
system and intensive system on growth parameters of Nileatitagd compare the relative weight
with tilapia in natural environment and farming by the method of Eroésvenile Nile tilapia
(87.61 +1.52g) were cultured in semi-intensive and intensive system d8@indays. Two
nutritional plans were adopted: triphasic for semi-intensive systema\the35, 32 and 28% crude
protein - CP) and biphasic for intensive system (35 and 32% CP). Bicsneteasurements were
performed monthly for analysis of growth parameters and adjustmextigti The water quality
indicators were monitored continuously and were in accordance wittegiagements for animal
welfare. The presence of natural food was evaluated in the stensy, being more abundant in
semi-intensive systems. Survival, protein efficiency, feed efiy and condition factor with 31
days of cultivation were better in semi-intensive system. Téight-length relationship of tilapia
was not altered by the systems. Comparing the fish relagightvfrom semi-intensive systems and
intensive systems with tilapia from other environments, they Wwigteer in 9 of 14 comparisons.
The calculations of Fulton's condition factor (K),dén Krel and relative weight (W) demonstrated
by Froese, proved to be useful tools when assessing growth. Furtbetmerrelative weight
equation allowed a comparison of tilapia from the natural environmaadt other cultures,
expanding the growth studies comparisons. However, one can realiggtréance of continuous
monitoring of these parameters, since differences were obsarvée relative weight of the
studied species of tilapia when compared to other environments oresulieading us to reflect on

how to improve the cultivation conditions of Nile tilapia.
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98 1.Introduction

99

100 The increase in demand for fisheries resources for human consumptiayeinerated a
101  growth in aquaculture production worldwide. In the last three decat@®0-{010), world
102  aquaculture production has expanded by almost 12 times, with an aseragd growth of 8.8%,
103  with emphasis on production in freshwater, which represents abouto6@pe total cultivated
104 (FAO, 2012).

105 Among cultured fishes of the world, tilapia is ranked third in tesmsroduction, only after
106  carps and salmonids (El-Sayed, 2006). According to Wing-Keong and FHA&in)(Oreochromis
107  niloticus represents 80% of the species of tilapia cultured in the waddsaconsidered the most
108 important. The demand for tilapia has been increasing in recenst e this could only be met by
109 increasing supply and expansion of aquaculture production (Fasakin et al., 20@&\ver, this
110 growth must be sustainable and in accordance with Abery et al. (HOB&ye is no production
111 planning, negative impacts can be generated not only on the system, but also on aquatenecosy
112 Tilapia can be produced in different culture systems and scalts,hiwgher or lower
113  dependence on inputs, especially feed. According to El- Sayed (2@d@}jntensive culture is the
114  production of fish using natural food, through pond fertilization, or featitm and supplemental
115 feeding, It is a low-cost means of production, which contributes to huatigeration especially in
116  rural areas of developing countries. However this system has lsamers, such as the limitation
117  and shortage of supplies of fresh water besides the competitidmgaesource with agricultural,
118 industrial and other urban requirements, especially in arid regions.

119 Intensive system is characterized by high densities (25-30@nffy, diets with high protein
120 levels and high productivity (Mohammad, 2006), furthermore, their techna®gelatively
121  inexpensive when compared to other intensive farming systems. thielees, EI-Sayed (2006)

122  cites some limitations in cage culture: risk of theft, diseautbreaks, loss due to cage damage
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caused by predators or storms; low tolerance of fish to poor watdity; dependence on high-
quality feeds; the accumulation of faeces and metabolites unttertiea cage has a negative
environmental impact, among others.

The present survey focuses on the following aspects: influence ufrecuidystems /
management on the growth parameters of Nile tilapia; diffemrdentrations of protein along with
the presence of natural food can contribute to the growth of tilagdferent systems; condition
factor of the fish may make changes in cultivation in cages and poondition factor, length-
weight relationship and relative weight can be useful tools in tjrasempared with other

populations.

2.Materials and methods

2.1 Obtaining experimental specimens / Animals and culture conditions

The experiment was conducted at the Aquaculture Station of Unideaidémica de Serra
Talhada (UAST) / Instituto Agrondmico de Pernambuco (IPA) locatéle city of Serra Talhada,
semi-arid region of Pernambuco State, Brazil, during the period January-May 2011.

Juvenile sex-reversed Nile tilapias (variety QAAT1/ArizonaA)Svere obtained from the
fish farming at the city of Paulo Afonso - BA - Brazil. Theh were stocked in concrete tanks (40
fish.m?) and then submitted to a 20-day acclimatization period for both alietsexperimental
conditions. Before acclimation, fish were weighed (38.4 + 11.99) arabuned (12.7 = 1.1cm).
Individuals were fed a ratio of 8% of biomass per day, adjusted sgeen days, offered 2 twice a
day. The experiment consisted of two treatments (intensive andrgensive cultures) and three
replicates. In the intensive treatment fish were cultured ges;awhile in the semi-intensive they

were grown in ponds.
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148 For the intensive culture, the dimensions of the cages were 2mxx125m, capacity of 5 m3
149  and 30 mm mesh nylon net. The animals were stocked at a densit§ fi§h.m? (three replicates)
150 and 30 days after the density was decreased to 70 fistfour replicates). The cages were
151  mounted in reservoir Saco | - Serra Talhada — PE.

152 For the semi-intensive culture were used three ponds with amfa888 nf and a maximum
153  depth of 1.5 m, supplied by water from the reservoir Saco |. The Bnivese stocked at a density
154  of 1 fish.m? (0.67 fish.nT) and remained so until the end of the experiment. Before stocking the
155  ponds were dried in the sun and went through the process of limi@D{Gal5 kg per 1000 i)

156  and fertilization (bovine manure - 1 tonhaccording to Woynarovich and Horvéath (1983) for the
157  growth of natural food such as phytoplankton and zooplankton.

158 The ponds and cages were stocked with juvenile Nile tilapia withigal average weight of
159 88.6 + 1.5g and an average total length of 16.3 + 0.12cm (defined asimejo 10% of the
160  population were sampled monthly (defined as time 1, 2 and 3) to morotethgand make feeding
161  adjustments. For this purpose, the fish were anaesthetized usingtGlution (0.5mL. ) for

162  easy handling and return to the ponds/cages after each sampling. Both cultede34atays.

163

164 2.2 Feed management

165

166 Commercial diets containing 35, 32 and 28% crude protein (CP) wede @senposition

167 described in Table 1. Intensive culture used nutritional biphasic plam@B32% CP) and semi-
168 intensive triphasic plan (35, 32 and 28% CP), as described in Table #sfeere fed 2 twice a
169 day (8 a.m. and 3 p.m) with feeding rates of 5, 4 and 3% biomass, ddjustghly after

170  biometrics.

171

172
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2.3 Water quality

During both experiments, temperature (°C), dissolved oxygen @hoH, salinity (%.) and
electric conductivity (S.cm?) were monitored daily, twice a dap situ (n = 188) using a
multiparameter analyzer Harfha

Water samples were taken monthly from each pond and cage and tr@esh$pdhe laboratory
of Limnology in the Universidade Federal Rural de Pernambuco torpethe analyzes (n = 4).
Ammonia (mg.L') was measured according Koroleff (1976); nitrite and nitratg.L(fH) in
accordance with Mackereth et al. (1978); orthophosphate (hauhder Strickland and Parsons
method (1965); alkalinity and hardness (mg CaC®) according to Golterman et al. (1978),
wherever total hardness was determined from the concentration&afridaMd>.

To estimate plankton (phytoplankton and zooplankton) abundance in experitaek&al50 L
of water were collected in three points of each pond and cageltaneldfithrough 50 mm plankton
net to obtain a concentrated sample and stored in plastic bottles wiL.5@amples were collected
weekly and preserved immediately with 5% formalin. Samples of 2 mL weredpladde counting
chamber of the Sedgewick Rafter cell, and then organisms on 10 ranskledied fields of the
chamber were identified and counted (Keshavanath, et al., 2002). Rimitopl (cel.mL}) and
zooplankton (ind.L}) were identified in large groups or families, according iuBo and Menezes
(2006), Brusca and Brusca (2007) and Hickman et al. (2001). Phytoplankton $ionesns of
pheophytin and chlorophylh concentration ((g.L™) of water tanks were determined monthly

according to Nusch (1980).
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2.4 Growth, survival and feed utilization

At the end of the experiment, growth was assessed by deteonimdtiweight gain rate
(WG), average daily gain (ADG), specific growth rate (SGRjglfbiomass (FB), Survival (S),
feed conversion ratio (FCR), protein eficiency ratio (PER) and feedegftigi(FE) as follows:
Weight gain rate (W¢g) = BW; - BW;

Average daily gain (ADG) = Wg/time (days)

Specific growth rate (SGR) = 100 (In BWn BW,)/time (days)
Final biomass (FRg) = Final mean weighyy x Final number of fish
Survival () = (Final number of fish/ fish stocked) x 100

Feed conversion ratio (FCR) = dry feed offegaeet weight gaig,
Protein efficiency ratio (PER) = wet weight ggjhprotein feg)

Feed efficiency (FE) = wet weight gay/dry feed offereg,,

in which BW and BW = average initial and final body weigjof fish.

2.5 Weight-length relationships (WLR) / Condition factor (K)

Weight-length relationships were estimated at the end of experimenttlisiaguation:
W =al’
in which W = weight of fish in grams, L = total length of fishcentimetersa is the intercept ank
is the allometric coefficient (Froese, 2006).

Fulton’s condition factor (K) was determined in time O (zero), 31,8394 for each culture
using the equation:
K=100W/ L,

where K = condition factor, W = total weight and L = total length (Froese, 2006).
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Clark's mean condition factor {K.) was determined at times 0 (zero), 31, 63 and 96 days,
which relates Fulton’s condition factor (K) withandb and which represents the mean condition
factor for a given length derived from the respective WLR:

Kmean= 100aL”?,
where Knean = mean condition factor for a given length, wherés the intercept and is the
allometric coefficient, both estimated by method of least squares (Cl2&).19

Le Cren's relative condition factor (& was calculated for both systems at times described
above, according to Le Cren (1951), which compensates for changes irorfaomdition with
increase in length, and thus measures the deviation of an individualttie average weight for
length in the respective sample (Froese, 2006):

Krei = (W /aL”)*100 ,
relative condition factor comparing the observed weight of an individitla the mean weight for
that length, the factor 100 is used to bring the value for percentage.

This same equation (relative condition factor) was used to compresdi populations of
Nile tilapia in natural environment (using the parameseasidb from FisHBASE for Oreochromis
niloticus and the geometric mean of them) and cultivation (with wemgingth relationships in
published papers). However it appears as relative weighd:(W
Wim = (W /aLP )*100 or Wim = (W / aL"™)*100,

whereanandby, are the geometric mean of WLR.

2.6 Statistical analysis

All data was tested for normal distribution (Shapiro-Wilk test)) homogeneity of variances
(Bartlett’s test). Studenttstest was used for normally distributed data, whereas WilcoxomMan

Whitney test was used for non-normally distributed data. To asshsther weight-length
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relationships were affected by culture systems was used &émeear Model. Differences were
reported as statistically significant when P < 0.05, using i®Mgversion 8.0, Assistat 7.6,

GraphPad Prisma 6.0, IBM SPSS Statistics (Version 19) and Excel 2007.

2.6.1 Descriptive analysis

For descriptive analyzes of the.Ktotal length and weight of Nile tilapia in the two culture
systems were used box-plot graphs. The degree of asymmetryebdtveesamples was evaluated
according Bisquerra et al. (2004), considering for symmetric d4tan = Median = Moda; for
asymmetric data positive: Mean Median> Moda and for asymmetric data negative Mean

Median< Moda.

3. Results

The composition of diet and nutritional plan are shown in Tables 1 arsbf@eatively.
Table 3 shows the parameters of water quality in the inem@sid semi-intensive systems. Most of
the analyzes showed a significant difference, except ammonige,niitrate and orthophosphate.
The values of temperature, hardness, Chloroghgihd pheophytin were higher in semi-intensive
system; while pH, dissolved oxygen and conductivity were higher in the intensigmsyst

In Table 4 has shown the analyzes of phytoplankton (Chloroficeaaofiyyceae and
Bacillariophycea) performed in the two farming systems iretiol' (zero), 31, 63 and 94 days. At
time "0" the chlorophytes were higher in ponds and at 31, 63 and 94oflaysiture, the
chlorophytes and bacillariophytes also had their highest densitisemi-intensive system, but the

cyanophytes showed higher density in the intensive system at the end of cultivation.
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Figure 1 shows the development of phytoplanktonic groups during lineatian. Can be
observed a decrease in the total concentration of algae (€8limthe two farming systems with
the ponds always presenting higher concentrations. The densitielo@pbytes and cyanophytes
in intensive system, demonstrated an inverse relationship in time "0", 31 and 63 days.

The concentration of zooplankton (rotifers, copepods and cladocera)eirediftultures can
be seen in Table 5 (Ind. As for phytoplankton, statistical differences were evaluated b
comparison within the times during breeding systems. The condéentadtrotifers was higher in
semi-intensive system at the times "0", 63 and 94 days. The €ladalso showed higher density
in ponds in the days 31, 63 and 94 days. While copepods were higher inicak pmnalyzed in
semi-intensive system. The zooplankton also decreased their coticestdaring the two cultures,
but was always higher in semi-intensive farming (Figure 2).

The growth parameters of Nile tilapia are shown in TableD6ly survival, protein
efficiency and feed efficiency were better in the sentensive system, the remainder of the data
showed no significant difference.

The parameters of the mathematical models for the evaluatimaight-length relationships
of fish under different cultures are displayed in Figure 3. An analysis of thesmesiebled that the
total weight-length relationships were not affected by culture systet@5).

The Fulton’s condition factors (K) of the experimental specimenstaown in Table 7. The
only statistical difference was noted with 31 days of culturenwthe fish of the semi-intensive
system showed better conditions when compared to intensive system.

Figure 4 shows a comparison between Fulton’s condition factor (Kegbdpulation in the
present study with the respectivgds, At the beginning of the culture, condition factor of fish in
intensive system was similar to the.d&, of the population, however this factor decreased in 31

days, then increased and stabilized withed$ The condition factor of fish in the semi-intensive
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296  system also showed similarity to the respectiyg.Kin the times "0", 63 and 94 days, however, this
297  condition factor was greater than its correspondipgutith 31 days of cultivation.

298 The K of cultured fish under intensive and semi-intensive system wellgzad by Box-
299  plot graphics (Figure 5). At time "0" the intensive system sho2&¥ of the fish with a K
300 between 82 and 97% (between the minimum and the first quartile)ekbidited K¢ between 97
301 and 107% (1st quartile to 3rd quartile) and the remainder of the an{@&%) showed a /i
302 between 107 and 119% (3rd quartile to the maximum value). The mean and mred@esented
303 overlapping (approximately 102%) and most fish exhibited.a0K95% for intensive culture. The
304 fish in the semi-intensive the mode show overlapping the mean andnmaaddaminor fluctuations
305 thattime.

306 Evaluating fish kg with 31 days of cultivation were observed changes in condition. The
307 semi-intensive system showed 75% of its population between 96 and 119%4tigé reondition,
308 mean, mode and median higher than in intensive system. Seventyefaenpof the fish in the
309 intensive system exhibiteddbetween 93 and 113%.

310 This distribution pattern remained until at least day 63 of ctibiman the semi-intensive
311 system. However, an improvement was observed in the intensive syatbnB4 days of
312 cultivation. The same showed 75% of its population withgld€tween 96 and 120% compared
313  with 93 to 114% of semi-intensive system. At the end of the expetimmst fish have had ad
314  of 93% for the intensive system and 88% for semi-intensiveraygtesenting mean and median
315  similar in the two farming systems (approximately 100%).

316 The total length and weight of fish in intensive and semi-intensitraifg systems can be
317 seen in Figure 6A and 6B, respectively, in Box-plot format.

318 A similar increase was observed in both systems up to 63 daysltofec(Figure 6A).
319 However, the minimum and maximum growth in the intensive showed arhighi@ation when

320 compared to semi-intensive system. Was observed a symmetryg émerdian = mode) at the
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times "0" and 31 days for both systems. From 63 days of cultivatiomrredcchanges in the
consistency of growth of the animals in intensive system. They llegdow positive asymmetric
growth (mear> median> mode) whereas animals in semi-intensive remained in symrpaitt&rn
until the end of the experiment. However, both systems exhibited reuthethe course of
cultivation.

Evaluating increase in weight of fish in different farmingtegss (Figure 6B) was observed
in the time "0" and 31 days similarity in growth. However, a lavgeight variation was noticed in
intensive system from 63 days culture. Evaluating the symmetityei two culture systems, up to
63 days, the animals exhibited positive asymmetry and the fisheofemi-intensive cultivation
exhibited up to 94 days. Fish intensive system exhibited negative asymmetry witys @iltiare.

The relative weight of fish with 94 days of cultivation in the intemsand semi-intensive
was compared with total weight-length relationships of fishinbthin other environments (natural
and cultivated) (Table 8).

The relative weight of fish in the present study was highérof the 14 cases analyzed, and
3 cases with similar relative weight. Our relative weifghind for tilapia in comparison with the
tilapia from natural environment was higher in 4 of the 6 casegzathland one situation similar
to the relative weight.

Comparing studies with tilapia cultured in cages with the twtesys described here, the
relative weights obtained were higher in the present work in heoRtsituations analyzed. This
comparison was also made with tilapia cultured in ponds. The tilafiizred in the present study
had higher relative weights in 2 of the 4 studied cases and two similar situations.

Nile tilapia cultured in aquaria subjected to different dietsewslso compared with the

present study and the relative weight found here was also greater than thosea@ifiafuaria.
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4. Discussion

According to the Brazilian Council for Environment — CONAMA, resaintN’ 357 of March
17, 2005, which provides on the classification and environmental guidelirsesfate waters, the
water farming systems analyzed were defined as brackiskrémaith salinity higher than 0.5 %o
and lower than 30 %o), corroborating with the value found, the electocaluctivities of the water
in intensive and semi-intensive systems were 1,356 + 468.1 and 1,285 + 249.¢mhS.
respectively, being considered a brackish water (Bouvy et al., 19@8)iaTspecies and hybrids
tolerate a wide range of salinity, they can grow and reproduceafigrim brackish water and was
selected for this type of cultivation (El-Sayed, 2006). Alfredo aedtét (2002) define a limit of
salinity for optimal growth of Nile tilapia of 15 %. and can toter86 %o with acclimation (Al-
Amoudi, 1987).

According to El-Sayed (2006), temperature is one of the most inmpdaietors affecting the
physiology, growth, reproduction and metabolism of tilapia. This §ishermophilic and known to
tolerate a wide range of water temperatures. Balarin anterH#1982); Chervinski, (1982);
Philippart and Ruwet, (1982) state that the optimum temperature elogenent of the species is
about 25-30°C, however, the temperature range for the normal developemotuction and
growth of tilapia is about 20 to 35°C, values found in the present study.

Nile tilapia can survive at a pH range of 4 — 11, however, thisti@mi was not found in this
study, where the values of pH were in accordance to CONAMA (357/2005) resolution.

Only a minimum value of dissolved oxygen in the semi-intensiveray@e27 mg . %), was
out of the requirements of CONAMA, which advocates a value espuhigher than 5 mg .t
However, according to Coche (1982), Boyd and Tucker (1998), the minimumticondf

dissolved oxygen for cultivation of tilapia is 3.0 mg™. [E-Sayed (2006) mentions that tilapia can
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tolerate levels between 0.1 - 0.5 mg* tlissolved oxygen, however these values can cause decrease
in growth.

Ammonia levels in the two farming systems were compatibile aygood growth performance
of Nile tilapia. EI-Shafai et al. (2004) evaluated the effetctprolonged exposure to sublethal
Ammonia nitrogen on the growth performance of Nile tilapia. Theydaimat the toxic level of
NHs-N and its negative effect on the growth performance ranges@@wmto 0.14 mg . [*. They
further recommended that the i#N concentration should be maintained below 0.1 mg . L

The amounts of nitrite and nitrate in the present study arecaptable levels according to
CONAMA. Nitrite is highly toxic to fish, because it disturbs fhteysiological functions of the fish
and leads to growth retardation. Nitrate is relatively non-toxtdapia, however their exposure to
high levels for a long time, can decrease the immunity of fish (EI-Sayed,.2005)

The orthophosphates are directly available for biological metabalighout conversion to
simpler forms. Nevertheless, to characterize a system esphiat this must have total P values
higher than 0.05 mg:L. According to the CONAMA polyphosphate recommendations (presenting
structure more complex than the orthophosphate) should be less than 0.02, majué found in
this study.

The CONAMA do not provide optimal values of alkalinity and hardness, howBogd and
Tucker (1998) suggest that these parameters should be above 20ingthe present study, the
intensive system had lower alkalinity (13.95 + 1.86 rfigCaCQ) vs. 161.28 + 106.97 mgL
CaCQ in semi-intensive, thus demonstrating that the addition of Ga@@he semi-intensive
promoted effect "buffer" necessary to minimize variations in pH (7.15 + 0.4).

Water hardness reflects mainly the concentration of &@ad Mg* which are combined with
carbonate and/or bicarbonate, may also be associated with sulpdatdlaride. The hardness
values found in intensive system (20.06 + 1.09 mgCaCQ) were reduced significantly from the

values found in the semi-intensive (28.50 + 4.37 mCCQ), furthermore they were at the limit
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defined by Boyd and Tucker (1998). The hardness values presented stuthysdefine water
culture like soft, though these values are constantly changingpdbe tharacteristics of the semi-
arid environment (relative humidity around 40%, long droughts and occas#nglconcentrated
in a few months, with precipitation between 400 and 800 mm annually). tUki was conducted
between January and May 2010, months where the occasional rains are more cedcentrat

Levels of chlorophyll indicate the degree of eutrophication of an environment, and provide
the phytoplankton biomass. According to CONAMA recommended levethlofophyll a (for
freshwater aquaculture) are up to 8 L*, presenting no reference to brackish water. Addition of
feed and manure to culture ponds resulted in different biomass of @nktpi in the ponds. The
levels found in chlorophyla for intensive and semi-intensive system (17.75 + 5.92 and 88.49 +
31.16 ug. L%, respectively) show clearly the effect of fertilization pemied in ponds, which
favored the development of natural food. Uddin et al., (2007) assessed the cannearitdankton
in monoculture (tilapia) and polyculture (tilapia and shrimp), and obderakies of chlorophyll
"a" ranging from 50 to 50Q,g.L™* (minimum and maximum between treatments) but these values
were not statistically different, however, he noted a decrease in valugser

According to Wetzel (1981) and Lewis (1995), pheophytin is a resutlegfadation of
chlorophyll a after the loss of magnesium atom. Thus, the determination of chidrophy
concentrations provides an estimate of chlorophyll whereas pheophytmmitetiton indicates
their physiological status, i.e. high values of pheophytin, indicatdarger degradation of
chlorophylla, suggesting death of phytoplankton and high decomposition. Phaeophytinwatees
higher in semi-intensive system (274.97 + 151u85 L") (which also had higher chlorophy),
suggesting a high renewal of phytoplankton.

With 14 weeks of cultivation in ponds Keppeler (2005) found average values expttydin
ranging between 585 + 789 and 624 + 7@y L%, in the morning and afternoon respectively,

however no statistical difference. Keppeler (2005) also found aiygosiorrelation between
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chlorophylla and pheophytin, demonstrating a renewal of plankton during cultivatiom (261.0)
found phaeophytin values in nursery ponds witityanax lacustrisanging from 8.585 to 73.238
ng.L™, however time the experiment was lower than in the present work.

The microalgae contain high concentration of soluble fiber and &a&itys of the omega-3
series and can contribute positively in the feeding of aquatic omgan(dzaza et al., 2007).
Generally was observed a greater abundance of the three grolyzedrduring cultivation in
semi-intensive system. Analyses of chlorophgliconfirmed this observation. This shows the
importance of fertilization in ponds, as well as maintenance ofnth@ biotic and abiotic
parameters that promote equilibrium in the system.

The largest groups of algae found were chlorophyceae and cyanophifmeeever, the
intensive system showed a particularity. Analyzing Figure 1A, tyanophyceae and
Chlorophyceae showed an inverse relationship development with 31 and 68fdaysvation.
This may be related to changes in the environment that promotedlagieal succession of these
algae in the months analyzed.

In ponds this characteristic was not observed since the occurrer€blabphyceae was
predominant. This fact is important, since cyanophyceae can producritsathat are significant
hazards to animals (Molica et al., 2002) and in addition, is an indicaftieeitrophication of an
environment. The CONAMA does not define the maximum amount of g ah brackish water,
but freshwater for aquaculture its maximum allowed is 50,000 cél.ffhe greatest value of this
alga in the studies was in intensive system with 31 days of didtivéd6,000 + 13,600 cel.ni)
(maximum value above recommended). However, Deblois et al. (20@8)heat tilapia as an
excellent filtrating of cyanophyceae, demonstrating a preferémcehis group compared to
bacilarioficeas (Uddin et al., 2007). Furthermore, Uddin et al. (2009)teeptbrat tilapia can exert

a very effective biological control over plankton in semi-intensive system.
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The abundance of zooplankton was also observed during the cultivation ofdyile. {These
organisms play an important role in the trophic web, serving as ddétween primary producers
and higher consumers. According Roche and Rocha (2005), the availabilitese organisms in
fish farming becomes in most cases essential for fish feeding.

The densities of rotifer, copepod and cladocera were significaigher in semi-intensive
system in the majority of times analyzed and the copepodsecdipgher values in both systems.
Despite the diversity of feed from primary producers, consumers @ggpend on the primary
continuous supply of organic detritus as a source of energy. Thus, tleenpradce of copepods in
the analyzed systems can be linked to the eating habits of cyclofh@dnain order of Copepoda
found during this study (data not shown). The cyclopoid are raptgiaators who thrive in
eutrophic environments rich in decomposing organic matter (Landa et al., 2007).

Actually, as an omnivorous opportunistic fish, tilapia is able tomalsge nutrients from
different sources, like benthic algae, phytoplankton, macrophytes, zooplasiialhjnvertebrates,
detritus and cyanophyceae. The feed choice is mainly related tvailability of food items in the
environment (Bowen, 1982; Fitzsimmons, 1997; Stickney, 1997; Beveridge and Baird, 2000; Lowe
McConnell, 2000).

When O. niloticusin semi-intensive ponds are supplemented with low-protein feedsrydieta
protein is largely provided by the natural food. Liti et al. (2006htions that the protein content of
natural food ranges between 550 and 700 §.dwya dry matter basis. This is far above the range
(270 - 350 g.kd) recommended for intensive culture of Nile tilapia (El-Sayed, 2006).

Complementing this observation there were no statistical diffesem final weight of Nile
tilapia grown in the intensive and semi-intensive, i.e. the triphmadidtion plan (35, 32 and 28%
CP) applied to fish in the pond (Table 2), together with the alafibod available, was sufficient to

obtain the same weight gain of intensive cultivation (biphasic pldn3&tand 32% CP). Liti et al.
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(2006) mentions that natural food contributed between 300 and 500 af kggowth when tilapia
were supplemented with artificial feeds in fertilized ponds.

The effectiveness of natural food was also observed in proté&ierfy ratio (PER) and feed
efficiency factor (FE). Even the two systems with thees#&®ed conversion rates, evaluating the FE
and PER of fish the semi-intensive system showed better utihzat provided food. This means
that they had the same weight gain of fish in intensive sysiéimess protein in the provided diet.
In addition, both systems exhibited growth rates, feed conversion andasuin agreement with
commercial scale production.

However, the intensive system showed advantages with respecbdociivity, precisely
because it is a system that enables higher stocking @snsiimpensating the greatest amount of
protein supplied in the diet. In fact, the constant movement of the lbggester changes, high fish
densities and low densities of phytoplankton and zooplankton, hinder consumptioaraf fuetd
in this system. So diets provided for intensive systems mustatiéle¢ nutritional requirements of
the produced species.

Corroborating data growth, weight-length relationship (VL) of Nile tilapia in the two
cultures was not affected by the systems. The weight-leegstionship showed the exponent b>
3.0 for both systems. According to Froese (2006), an exponent less itidinaBes a "decrease in
condition or form" or elongated shape and fish presenting b> 3 meansrease in the condition
or form, i.e., the specimens analyzed further increased in heidtit/tiian length. Evaluating the
exponentb of the weight-length relationship of Nile tilapia availablethe literature (natural and
cultivated), were found values ranging between 2.7 and 3.3.

In fact Nile tilapia appears to exhibit allometric growthofgth which does not comply to
cube law). For weight-length relationship, there are cases inhwthe slope was significantly

below or above the expected value of three for fish growth in getoebs assumed as isometric.
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Different exponents could also suggest that the fish we arengleeith are from different stocks
(Njiru et al., 2006).

In zootechnical interest of obtaining the condition of live animals, nomeaéise techniques
have been applied enabling individuals to be cultivated at lowessdeeels. This can be done by
the use of structure and weight, which combined as indices providecindgmates of energy
storage for animals (Camara et al., 2011). Condition factor stuétesnta account the health and
general well-being of a fish in relation to its environment (@luand Aderibigbe, 2006).
Morphometric indices which assume that heavier fish of a giverihearg in better condition are
simple indicators of energy storage (Lloret et al., 2000). Thisc@yanon practice in studies with
fish, where the conditions are estimated from its weight and length (E&tnalr, 2011).

Table 7 shows the Fulton’s condition factor found in fish submitted ferelift cultures,
where was observed statistical difference in the factorsbhfyiith 31 days of cultivation. The best
conditions found at this time (semi-intensive system) may be iatsdavith the consumption of
natural food, as currently feeding rate and CP concentration idi¢hevere the same for both
systems. Diana et al. (1994) evaluated the effects of adding supplefoedtad ponds fertilized on
the growth of Nile tilapia, and observed that the combination ofrigeaind fertilizers were more
efficient than the growth based on these two items alone.

Assessing the condition factor found with populatiopeds (Figure 4) with 31 days of
cultivation, condition factor of fish in semi-intensive system ingeda according to its
corresponding Kean and the opposite occurred for fish in intensive system. Thisoree¥ the
importance of natural food in the early stages of cultivation. é¥ew with decreasing
concentrations of crude protein in diets for fish of the semi-interssistem along with decreased
availability of natural food, the condition factor of the fish in guwnds decreased (not decaying

Kmean below) whereas in the intensive increased, making the two systnssatistically different
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in the course of cultivation. The condition factor in both cultures rematese to kean Of the
population by the end of cultivation, demonstrating the efficiency of management.

Offem et al. (2007) assessed the condition factor in male Nifg@atiin a tropical floodplain
River and observed values ranging from (0.554-1.376). They considered these valueaisfeff
tilapia and ascribed this condition to the abundance of natural food iar¢lae Huchette and
Beveridge (2003) also observed an improvement in the condition ofildpetcultured in cages
with presence of natural food and diet. Olurin and Aderibigbe (2006) foomeha condition factor
of 1.14 for males of tilapia cultured in ponds, considering the value acceptable.

Condition factor can influence the reproduction and survival of populatiomabgra and
Dutil, 2000) reflecting interactions between biotic and abiotic fac@nd the physiological
condition of the fish. It shows the well-being of the population during tHeusastages of the life
cycle (Lizama and Ambrosio, 2002) and since it is a simple céilmulean be used to manage fish
farms.

The relative condition factor () represents the ratio of the observed weight and the weight
estimated by the weight-length relationship (Le Cren, 1951; Fr@886). The use of Box-plot
graphs in an evaluation of.d{provided interesting information about the two populations under
study (Figure 5). With these tools together is possible to identify the lone$ighest value of kK
in farming systems, as well as variations of Ketween the 1st and 3rd quartile, identifying in
more detail the possible changes in population. For the same distribugasumas of central
tendency (mode, mean and median) @f Khould be overlapped, and minimum and maximum
values near the 1st and 3rd quartile, respectively.

Since the beginning of the cultivation the values @fi Kanged between 80 and 120%,
indicating a large variation in the condition of farmed fish. Howeaber mean and median showed
up near 100%. The mode was not viewed in a standardized manner, in degdt c@as below

average/median (in intensive system, with zero and 94 days of tohivim both systems).
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However, these values were close to 95%. The variations foungd, of Kopulations (£ 20%) may
be related to uneven growth of the Nile tilapia, since after 3& dagulture values outside the box
plot (between the 1st and 3rd quartile) began to be more evident.

In Figure 6 is more evident the variation in length and weight ¢ Nliapia during the
cultivation and the measures of central tendency were stiktrclewever, positive and negative
asymmetries were observed in both systems. McGinty (1986) ewdltieesffect of density on
weight gain of Nile tilapia and noted that the growth of smrmalhviduals was being depressed by
the larger ones because of competition.

A comparative study of the relative weight of Nile tilapiasvagne with specimens of natural
environment and culture. In general, we observed a higher relative wafigekperimental
specimens (9 of 14 cases). Better growth is expected in tlatohs, as well as a good carcass
yield, feed conversion and homogeneity, since it works with improvethsstad Nile tilapia.
However, a decrease in genetic variability can reverse ithatisns described above, since a
substantial loss of this variability is expected, due to the charaagi$tihe reproduction of tilapia
and the appearance of a small size population when there is no pem@ic gnanagement of
breeding stock (Moreira et al., 2007). The relative weight of 8teifi this experiment was greater
than the weight of tilapia from Lake Tana (Ethiopia), Ouémeé iRasin (Benin), Hippopotamus
Pond (Burkina Faso) and Lake Victoria (Kenya).

In Lake Tana, Tadesse (1997) observed a seasonal variation in conadion &ssigning
lower values to energy expenditure after spawning. This variatidheircondition found by the
author may have generated differences in the WLR, decrethgimgelative weight. A similar fact
may have occurred in Ouémé River Basin (Benin), (Laleye, 2006)sdrne author also mentions
that the WLR can change according to fish, sex, maturityoseasd time (because of gastric
fullness). The relative condition factor was also lower in fistmf Hippopotamus Pond (Béarez,

2003). This lake is characterized by having a high fishing effdth total absence of large fish.
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The fishing activity during the dry season has affected spawas@ consequence dwarfism
becomes more evident in populations.

According to Njiru et al. (2006) Nile tilapia from Lake Victarshowed good adaptation to the
site including little seasonal variation in their condition, becontiegniost commercially important
fish in the lake and the third most captured. In this case, disheld presented here also showed
improved relative weight (approximately 15% more). The authors réparthere was an increase
in fertility, suggesting a tactic to maximize reproductivecess in Lake Victoria. This tactic may
be a response to overfishing of the population whose effects probably led to stunting.

However, Ahmed et al. (2003) indicate that in the Kaptai ReservainglBdesh), fishing
pressure is below the capability of the stock to be increagathdut 16%. They also mention that
the introduction ofO. niloticuswas accidental, however it has successfully establishetflirigble
reservoir. In this case the relative weight was found to be similar to thepsasy.

In Kainji Lake (Nigeria), Feu and Abiodun (1998) mentioned that anthropogetivity was
great in that lake and the fish were captured below the ides| lsig with actions such as the
eradication of purse seine and adjustments in the size of me&kheesdathe growth of the fish.
Moreover, accordingisyease today there are native species of Nile tilapia that cachrep to 74
cm in total length. These factors may have contributed to a padiveeiveight of tilapia in the
present work compared with the tilapias from Kainji Lake.

One can see that action/awareness conducted by the authawiasld the population
behavior, contributed to the growth of the fish in Lake Kainji. From twdogical point of view
this fact is essential to maintaining the population status of siecies. However, this
greater/similar relative weight in fish from natural environimeust be observed with caution
(when compared with strains of aquaculture), since the speciggpd used in fish farming went

through genetic improvements aiming to improve the quality of the breeding.
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Comparing the tilapia described in the present work with those allitueages was observed
one relative weight major and other minor. Saraiva (2004) evaluatexfftioe of stocking density
on growth of juvenile Nile tilapia. He noted that there was noifsi@gnt difference in the growth of
his specimens. However, when comparing with the present study l#teeraveight of tilapia
cultured in this work was higher than Saraiva (2004). He mentionke¢habrked with the strain of
tilapia chitralada or Thai and the various squads probably have #matig variability decreased,
causing reduction in growth.

However, cultivation performed by Medri et al. (1999) showed betktive weight in
comparison with the work described here. Unlike Saraiva (2004), Medlri @1999) evaluated the
growth of tilapia with the inclusion of an alternative ingrediémtfeed (distillers yeast -
Saccharomyces cerevisjaeand noted that the rates used showed no statistical differenise. T
change in diet may have influenced for a better relative weight.

Olurin and Aderibigbe (2006) analyzed the condition factor and WLR leftNapia grown in
nurseries in ljebu-Ode, Nigeria. When compared with the present gtugs observed that the
tilapia produced here showed better relative weight. Also greater thalaghe grown by Carmo et
al. (2008) in a Station of aquaculture in Brazil. Olurin and Aderibi@®96) did not mention if
they used tilapia with genetic modification, whereas Carmo €2@08) worked with a common
strain. This fact may have contributed to better growth observed in this study.

Carmo et al. (2008) also evaluated the growth of chitralada arstresd in ponds. The two
cultures performed by him had a relative weight similath@at observed in the present study,
indicating that there was not much difference in growth patterns of the traiees st

Leal et al. (2009) evaluated the growth of juvenile Nile tilapiadoaria, fed with different
concentrations of hydrolyzed protein and a commercial feed. It wasvelsthat the tilapia of this
study had a higher relative weight of tilapia fed commeérfeiled, however, when compared with

tilapia fed with 5% hydrolyzed protein diet (better WLR adaag to the author) observed a similar
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growth. Leal et al. (2009) reported no strain used, however it caedmethat the feeding influence
the results.

El-Sayed (2006) cites that variations in body size of tilapia tarabhabitat may be related to
the different environmental factors rather than genetic diffeeridair et al. (2002) evaluated the
performance of tilapia farms in the Philippines (mainly Nilapia) and noted that growth has
declined after the newly introduced pure strains, probably due to lggmnefic variation through
founder effect ljottleneck effeft and introgression with Mozambican tilapi®réochromis
mossambicys In fact genetic and environmental variations may cause changgeswth. Dey et
al. (2000) analyzed the performance of the GIFT strain (Gehigticaproved Farmed Tilapia)
compared to non-GIFT on farms in Bangladesh, China, Philippines, Thatahd/ietnam, and
observed a better growth of the GIFT strain. Santos et al. (2008) evaluateovitte of Nile tilapia
in Brazil (GIFT and Thai strains) and also noted the improved peafoce of GIFT. Tenodrio et al.
(2012) compared the performance of three strains of Nile tilafimedeas common chitralada and
mestizo (crossroads of common with chitralada) and found better lgnwith chitralada and

mestizo.

5. Conclusion

At the end of cultivation, the two farming systems showed the same of growth, i. e., the
adopted management promoted the same growth performance for both systems.

The calculations of Fulton's condition factor (K), Clark's mean condfactor (Kneap, Le
Cren's relative condition factor {§ and relative weight (W) proved to be useful tools when
assessing growth. Furthermore, the relative weight equation allawedhparison of tilapia from
the natural environment and other cultures, expanding the growth studiesrisomgpaHowever,

one can realize the importance of continuous monitoring of these parans@tce differences were
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observed in the relative weight of the studied species of tilagian compared to other
environments or cultures, leading us to reflect on how to improveutigation conditions of Nile
tilapia.

The intensification of cultivation generates a greater needkitied workers and therefore
implies in an increase in the risks of production, especially wiland to the genetic variability of
these animals. The lack of proper selection and genetic infornfadionfamilies can lead to an

inbreeding framework reflecting in decreasing productivities.
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935 7. Tables
936

937 Table 1: Proximate analysis of the commercial diets used in the experiment

Proximate analysis Crude Protein
(as-fed basis, g . kb* 35% 32% 280
Pellet diameter (mm) 3-4 4-6 6-8

Moisture 130 130 130
Crude protein 350 320 280

Ether extract 65 50 50

Crude fiber 50 50 50

Ash 120 120 120

Calcium 15 15 15

Phosphorus 6 6 6

Vitamin C 0.5 0.5 0.5

938 *Data from private company

939

940 Table 2: Nutritional plan used as feed for Nile tilafia qiloticug subjected to different culture
941  systems

Nutrition plan

Time (days) Intensive Semi-intensive
culture culture

0-31 35% CP 35% CP
32-63 35% CP 32% CP
64 — 94 32% CP 28% CP

942

943

944

945

946
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947  Table 3: Quality indicators of water in intensive and semi-intensive cultutedilldpia ©.
948  niloticus

949
Parameters Intensive culture Semi-intensive culture
Salinity (%o) 0.62 +0.1% 0.64 +0.7
Eletric conductivity ¢S . cm') 1,356 + 468.1 1,285 + 2491
Temperature®C) 29.40 + 1.4 30.15+2.8
pH 8.07+0.2 7.15+0.4
Dissolved oxygen (DO) (mg . 1) 8.19+1.9 6.67 + 3.4
Ammonia nitrogen (mg .} 0.065 +0.032 0.126 + 0.061
Nitrite (mg . L) 0.053 + 0.050 0.017 +0.013
Nitrate (mg . [}) 0.001 + 0.000 0.002 + 0.001
Orthophosphate (mg ) 0.016 +0.018 0.001 +0.000
Alkalinity (mg CaCO3 . [ ) 13.95 + 1.86 161.28 + 106.97
Hardness (mg CaCO3 L) 20.06 + 1.09 28.50+ 4.37
Chlorophylla (ug . LY 17.75 +5.92 88.49 + 31.1%
Pheophytin¢g . L% 19.53 + 1.8 274.97 + 151.95

950 Values are mean + SE of mean. Within a row, means with diffes@pérscript letters differ
951  significantly (P < 0.05) by Wilcoxon-Mann-Whitney test and Studdrgst.

952
953
954
955
956
957

958
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959  Table 4: Abundance of phytoplankton (cel’inin water of intensive and semi-intensive systems Nilgi&l#D. niloticug in time "0" (zero), 31, 63
960 and 94 days.

Time (days)
0 day 31 days 63 days 94 days
Groups i .. . . Semi- . Semi- . . i
Intensive  Semi-intensive Intensive . . Intensive . . Intensive  Semi-intensive
intensive intensive
culture culture culture culture culture culture
culture culture

Chlorophyceae 32,500 + 12,200 73,300 + 22,300 5,000 + 2,300 55,000 + 12800 36,300 + 3,000 48,000+53 8,300+ 1,200 26,000 + 5,700
Cyanophyceae 24,000 + 15,700 12,600 + 9,600 46,000 + 13,600 26,000 +5700 2,000 + 700.5 2,200+ 600 7,400 +2,200 1,200 + 200

Bacillariophyceae 600 + 508 2,200 + 1,200 300 + 208 1,300 + 173 200 + 158 1,100 +300 700 + 608 800 + 200
961 Values are mean + SE of mean. Within a row, at the same, timezms with different superscript letters differ significantP < 0.05) by Wilcoxon-
962 Mann-Whitney test and Student’sest (n=4).
963

964 Table 5: Abundance of zooplankton (Ind)Lin water of intensive and semi-intensive systems Nilgitl#D. niloticug in time "0" (zero), 31, 63 and
965 94 days.

Time (days)
0 day 31 days 63 days 94 days
Groups . . . . . . . . . . . .
Intensive Semi-intensive Intensive Semi-intensive  Intensive  Semi-intensive Intensive  Semi-intensive
culture culture culture culture culture culture culture culture
Rotifera 9,503 + 2,370 33,490 + 8,478 16,020 + 3,708 18,521 + 4,718 16 + 29 714 + 198 123+ 3% 753 + 278
Cladocera 12,521 + 2,401 15,512 + 3,902 7,500 + 2,302 20,036 + 552 3.5+3.0 80 + 55 3.0+206 220 + 92
Copepoda 88,029 + 12,200 147,496 + 33,2001 86,498 + 2,622 113,527 + 2,237 182 + 28 1,423 + 740 172+7.0 767 + 326

966 Values are mean = SE of mean. Within a row, at the same times, means widntigtgrerscript letters differ significantly (P < 0.05) by Wilcoxon-
967 Mann-Whitney test and Student’sest (n=4).
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968
969

970
971

972
973
974

975
976

977
978

979

980

Table 6: Growth performance and nutrient utilization of Nile tilaf@a niloticug cultivated in
intensive and semi-intensive system in 94 days.

Parameters Intensive culture  Semi-intensive culture
Density (n7) 110 0.67
Initial weight (g) 88.33+1.54 86.90 + 1.50
Final weight (g) 543.58 +48.11 501.74 + 4.37
WG (o) 455.24 + 41.68 414.84 + 3.48
ADG (g day')? 4.84 +0.44 4.41 +0.04
SGR (% day)® 1.96 +0.08 1.87 +0.01
Final biomassa (kg) 228.46+16°18 143.99+2.74
Survival (%) 75.8 85.0
FCR' 1.59 +0.12 1.57 +0.11
PER 4.23 +0.3% 6.51 +0.36
FE° 1.6+0.02 2.30+0.11

Values are mean £ SE of mean. Within a row, means with diffenepérscript letters differ
significantly (P < 0.05) by Wilcoxon-Mann-Whitney test and Studdngst

! Weight gain,? Average daily gain?® Specific growth rate? Feed conversion ratig, Protein

efficiency ratio,® Feed efficiency.

Table 7: Fulton's condition factor of Nile tilapia cultivated in intensive and-seerisive systems
at times "0" (zero), 31, 63 and 94 days

Time (days) Intensive culture Semi-intensive culture
0 1.97+0.08 2.00+0.01
31 1.95+0.02 2.17+0.07
63 2.03+0.08 2.11+0.04
94 2.10+0.08 2.08+0.01

significantly (P < 0.05) by Student'gest

Values are mean = SE of mean. Within a row, means with diffeyepérscript letters differ
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981 Table 8: Relative weight (W) of fish with 94 days of cultivation in the intensive and senegrieive systems compared with total weight-length
982 relationships of fish obtained in other environments (natural and cultivated) of thiareal specimens in the analyzed environments.
) ) Length class ) W, Intensive Wi Semi-
Country Environment Locatity Sex a B R References ] )
(cm) system intensive system
Brazil Cage culture Aquaculture Station UAST/IPA .a630.0 Malé 0.0139  3.117 0.985 Present work 101.6 +3.5 18038
Brazil Ponds culture Aquaculture Station UAST/IPA 16.0 - 30.1 Male 0.0160 3.081 0.987 Present work 99.79+ 3.5 99B+
Ethiopia Natural Lake Tana 13.0-32.0 Unsexd 04042 2.740 0.941 Tadesse (1997) 118 +5.1 117+ 0.7
Benin Natural Ouémé River Basin 7.5-26.5 Unsexd .0380  2.790 0.961 Laleye (2006) 126 £5.2 1248t 0.
urkina Fas Natural Hippopotamus Pond 9.7-22.1 Unsexd 0.0372.800 0.986 Béarez (2003) 110+4.5 108 + 0.7
Kenia Natural Lake Victoria 10.0 - 60.0 Male 0.611 3.13¢ 0.987 Njiru et al. (2006) 115+ 3.9 114 +0.9
3anglades Natural Kaptai Lake 15.0-53.0 Unsexd 0.0366 @.84 0.980 Ahmed et al.(2003) 97 £3.9 96 £0.7
Nigeria Natural Kainji Lake 8.3-19.5 Unsexd ®BOe1 3.130 0.958 Feu and Abiodun (1998) 79+27 + 0%
Brazil Cage culture Fish Culture Association /Xingé 3.0-17.3 Mal® 0.0272 2.840  0.096 Saraiva (2004) 132.7+5.4 131.4+0.9
Brazil Cage culture Fish Culture Station / UEL 31.8 Male 0.0195 3.040  0.984 Medri et al. (1999) 94.2 +#3.4 93.7+0.7
Nigeria Ponds culture ljebu-Ode 55-11.4 Male 0.0093  3.140 uninformed luri@ and Aderibigbe (2006) 140+ 4.7 140+1.1
Brazil Ponds culture Aquaculture Station / UFRPE 13.0-28.2 Male 0.0342.801 0.998 Carmo et al. (2008) 120.3+5.0 13038
Brazil Ponds culture Aquaculture Station / UFRPE 13.0-28.0 Male 0.0230 2.968 0.998 Carmo et al. (2008) 101.4 £ 3.8 100.7 £ 0.8
Brazil Ponds culture Aquaculture Station / UFRPE 13.0-28.1 Male 0.0171  3.053 0.997 Carmo et al. (2008) 102.4 £3.7 101.9+ 0.8
Brazil Aguarium Laboratory of Aquaculture/UFPE uioinmed Male 0.0163 2.990 0.988 Leal et al. (2009) 129.0+4.8 128.2+1.0
Brazil Aquarium Laboratory of Aquaculture/UFPE uioirmed Male 0.0132 3.116  0.99% Leal et al. (2009) 107.4 + 3.7 107.0+0.9
983 *Male Nile tilapia strain GAAT-1°Male Nile tilapia strain Chitralad@Male Nile tilapia red strairf, Geometric mean af, b and R, € Values ofa, b
984 and R from Nile tilapia fed commercial di€ftyalues ofa, b and R from Nile tilapia fed diet containing 5% shrimp protein hydrolysate.
985

114



986

987

988

989

990

991

992

993

994
995

996

997

998

999

1000

1001

1002

1003

1004

1005
1006

1007

1008

8. Figures

900 —
800 -.
700 -.
600 -.
500 -.
400 -.

300

Cel.mL™ (x 10%)

200 +

100

—&— Clorophyceae
----@--- Cyanophyceae

A Bacillariophyceae
—v-— Total

T T T T T
20 40 60

A Time (days)

T T
80 100

Cel.mL™ (x 10

900 —
800 -
700 -
600 -
500 -
400 -
300 -
200 -

100 +

04

—&— Clorophyceae
B ---@--- Cyanophyceae
T, A Bacillariophyceae
~—w-—Total

oq M—e—
b
n

Time (days)

Figure 1:Mean + SE of mean of the evolution of the abundance of phytoplanktoml(@ex 10
intensive (Figure 1A) and semi-intensive cultivation (Figure 1B) of Ndpia (O. niloticug.

240000 —
—&— Rotifera
200000 4 --@ Cladocera
A - Copepoda
160000 4 —w— Total
. 120000 |
i} M— Y.
E L. x
= 80000 | 1 -
40000 |
0
T T T T T T T T
0 20 40 60 80 100
A Time (days)

Ind.L™*

240000 —

200000

160000

120000

80000

40000

04

—=— Rotifera
. ~—@-—Cladocera
. A Copepoda
- Total

Time (days)

Figure 2: Mean + SE of mean of the evolution of the abundance of zootoplanktort)limieinsive
(Figure 2A) and semi-intensive cultivation (Figure 2B) of Nile tila@a giloticug.

115



1200 +

Intensive culture

1000 - + Semi-intensive culture
™ 800 - TW intensive = 0,0139TL31173
£ R?=0,9857
oo
L 600 .
E TWsemi-intensive = 0,016TL308L
g R?=0,9877
2 400 -

200
0 T T T T T T T 1
0] 5 10 15 20 25 30 35 40

Total lenght (cm)
1009

1010  Figure 3: Parameters of the mathematical models of Mépia (Wt =a Lt °) adjusted to total
1011  weight-length data from fish under different culture systems.

1012
Intensive culture
2.3+ —— Semi-intensive culture
Kmean intensive culture
--+--Kmean semi-intensive culture
2.2
2.1
S
Q
Re} 2.0
c
o
2 194
o
O
1.8
1.7 . . . . . . . r I r I
0 20 40 60 80 100
Time (days)
1013

1014  Figure 4: Mean of the evolution of Fulton’s condition factor (K) ishfsubjected to different
1015  cultures in comparison with the corresponding populatigg.K

1016
1017

1018

116



1019

1020

1021

1022

1023

1024

1025

1026

1027

1028

1029

1030

1031

1032

1033

1034

1035

1036

1037

1038

1039

1040

1041

1042

1043

130
125

120 -
115 -
110 -

%)

(
[
=
w

Krelative

Figure 5: Boxplot of the evolution in the values gf K0o) from fish under different cultures.

100 -

[0 Intensive culture -
[0 Semi-intensive culture -

31
Time (days)

- n

Mean
Median

Mode
Discrepancies

63 94

117



1044

40 - 1Ean A
1045 38 A [ Intensive culture - [edian
36 - [ Semi-intensive culture — [ode
34 - == Discrepancies
1046 32 - T
E 30 -
1047 ﬁ 28 -
T 26 -
1048 324 - = -
T 22 - -
1049 R 1
18 I% T
e i
1050 14 -
12 -
1051 10
0 31 63 94
1052 Time (days)
1053 1000 - = Mean B
1054 900 - [ Intensive culture - l'.iledlan
[] Semi-intensive culture = Mode
| == Discrepancies
800 =
1055
700 - -
1056 ™ 600 -
= ]
1057 - =00
3 400 - - _ [%
1058 300 - T
1059 200 1 _ é
100 - % I =
1060 0 %
0 31 63 94
1061 Time (days)
1062

1063  Figure 6: Boxplot of the evolution of Total length (cm) (Figurg 6Ad Weigth (g) (Figure 6Bdf
1064  fish under different cultures.

1065

118



7. CAPITULO llI

ARTIGO CIENTIFICO:

Enzymatic changes in the intestine of Nile tilapia@reochromis niloticusL.) on intensive and

semi-intensive culture systems

ARTIGO A SER SUBMETIDO A REVISTA AQUACULTURE ISSN: 0044-8486

"
Aquaculture

119



0o

10

11

12

13

14

15

16

17

18

19

20

21

22

23

Enzymatic changes in the intestine of Nile tilapia@reochromis niloticusL.) under intensive

and semi-intensive culture systems

Juliana Ferreira Santb§ Karollina Lopes Siqueira Soate€aio Rodrigo Dias AssisCarlos

Augusto Martins GuerraDaniel Lemo$ Luiz Bezerra Carvalho JrRanilson Souza Bezetta

!-Laboratério de Enzimologia (LABENZ), Departamento de Bioquimica and Labiora&r
Imunopatologia Keizo Asami (LIKA), Universidade Federal de Pernambudad€iUniversitaria,
50670-901, Recife-PE, Brazil
% Universidade Federal Rural de Pernambuco, Unidade Académica de Serra TalhaddaSaco,

SIN - Caixa Postal 063 CEP 56900-000 Serra Talhada - PE, Brazil.
% Instituto Agronémico de Pernambuco (IPA), Fazenda Saco, CEP 56900-000 Serra TRIBada
Brazil.
“ Laboratério de Aquicultura Marinha (LAM), Instituto Oceanografico, Unidardée de Sdo Paulo,

Cidade Universitaria, 05508-120 Sao Paulo-SP, Brazil.

Running title: Influence of culture systems on the digestive enzymesétila

*Ranilson S. Bezerra.

Laboratério de Enzimologia — LABENZ, Departamento de Bioquimicayddsidade Federal de
Pernambuco. CEP 50670-420, Cidade Universitaria, Recife-PE, Brazil,

Tel.: + 55-81-21268540; Fax: + 55-81-21268576

E-mail address: ransoube@uol.com.br

120



24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

Highlights

» Total proteolytic, amylase and lipase activity did not statilyicdiffer between treatments
whereas trypsin and chymotrypsin activity increased with 31 and 63 days of culture.

* A positive correlation was observed between the recommended conoentfgssential
amino acids for Nile tilapia and specific aminopeptidases activity.

* PAGE revealed 12 active proteolytic bands in both systems, howeegratgd density
values were higher in the bands of semi-intensive.

» Specimens of the intensive and semi-intensive exhibited five bandsybdlgic activity,
with higher integrated density at 31 days of cultivation for both systems.

* The two-dimensional electrophoresis of the intestine of cultured Enimantensive and

semi-intensive systems showed a total of 1,233 spots, among them 731 different.
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Abstract

The effect of different culture systems on digestive enzyctigiges of Nile tilapia was evaluated.
Juvenile Nile tilapia (87.61 £ 1.529g) were cultured in semi-interankintensive system during 90
days. Two nutritional plans were adopted: triphasic for semi-iviesystems (diet with 35, 32 and
28% crude protein - CP) and biphasic for intensive system (35 and 32% B&i)etric
measurements were monthly performed for adjustments in diateamalal of intestine tissues to
evaluate the performance of enzyme activities. Total protepbmiylase and lipase activity were
not statistically different between the treatments alon@®@fperiods analyzed (31, 63 and 94 days
of culture). However, trypsin and chymotrypsin activity were highién 31 and 63 days of culture
in fish from semi-intensive system, suggesting that natural food Imaag influenced these
activities. A positive correlation was observed between the recadedeconcentration of essential
amino acids for Nile tilapia and specific aminopeptidases activit fish intensive system.
Substrate-SDS-PAGE revealed 12 active proteolytic bands in bo#ns/sHowever, integrated
density (D) values were higher in the bands of semi-intensive. Specimens aitémsive and
semi-intensive exhibited five bands of amylolytic activity. Fighm intensive and semi-intensive
systems showed the highest valuetDofvith 31 days of cultivation. The lowest valueslbfwere
observed with fish from semi-intensive system with 63 and 94 daysltofation. The comparison
of the proteomic profile of the intestine of cultured animals imsitee and semi-intensive system
showed a total of 1,233 spots, among them 731 different. It can be notitétethatural food and
diets used greatly influenced the culture systems. The expressioity of these proteins appears
to have a form of performance according to environmental and feedmgjtions, so that the
digestive process can be as efficient as possible in accoreaticehe conditions of cultured
animals.

Keywords: Nile tilapia, culture systems, semi-intensive and intensive systemsjvbgaszymes.
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1. Introduction

In aquaculture, good rates of growth are essential to ensure the sudbesgrotiuction and
for such achievement, an efficient management becomes necdssalgquate management in
addition to ecologically unsustainable production can destabilize grpathmeters directly
affecting production costs (El-Sayed, 2006).

The growth depends mainly on the food provided. However, the nutritional ofadudiet is
not based simply on their chemical composition, but also the physialagidity of the fish to
digest and absorb, according to its feeding habits and nutritional neguite (Santos et aln
presg. According to Tengjaroenkul et al. (2000), the ability of fish tidizet ingested nutrients
depends on the presence of appropriate enzymes along of the digestiv&he study of the
digestive enzymes in fish may clarify some aspects of ftgysiology and, therefore, can also
afford to solve some nutritional problems in fish feeding (Ribeiral., 1999). Ferron and Leggett
(1994) suggested that digestive enzymes can be interesticgndgion indices due to their
specificity and sensitivity. Furthermore, according to Caia.g2007) its value as an indicator can
be justified if its activity clearly shows genetic vaivats (between different populations) or shows
a response to environmental changes.

Enzymatic activities appear to be related to age, feedibgshaf fish and other factors
(Falcon-Hidalgo et al., 2011). Santos et @l.pres$ suggest that Nile tilapia has the ability to adapt
to different food sources. For optimum utilization of all these ssuntee enzymatic arsenal of
tilapia should be sufficiently diversified to digest the wide range of ingdstal.

Enzymes have been studied over the last decades for their applicationdritional
physiology and biochemistry for aquaculture (Tengjaroenkul.e2G00; Muhlia-Almazan et al.,
2003; Buarque et al., 2009a; Buarque et al., 2009b; Santos iet @es3. However, changes in

enzyme activity resulting from management are not well elwaidad better knowledge of the
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enzymatic activity during growing is relevant for the understandh fish nutritional needs
(Ribeiro et al., 1999). Since the growth is directly dependent on tbeptibs of the nutrients from
the diet, it is very important to attempt that the digestive mesymay play a key role on the
nutrient incorporation. Therefore, investigations conducted during the tigitivazould provide
valuable information for a better understanding of the physiologitalesses associated with the
culture system employed.

Nile tilapia is often commercially cultivated in intensive sami-intensive system, under
different stocking densities, management strategies and environneentditions. Furthermore,
many features make them an ideal candidate for aquaculture aflypaaieveloping countries (El-
Sayed, 2006). Thus, the aim of this work is to detect enzymatigeban the intestine of Nile
tilapia cultured in the intensive and semi-intensive culture systestating these activities to the

production system adopted.

2. Materials and methods

2.1 Culture conditions

The animals were cultivated at the Aquaculture Station of Unidazhxl@&mnica de Serra
Talhada (UAST) / Instituto Agronémico de Pernambuco (IPA) locateserra Talhada, semi-arid
region of Pernambuco State, Brazil.

The experiment consisted of two treatments (intensive and semsingé cultures) and three
replicates. In the intensive treatment fish were cultured ges;awhile in the semi-intensive they
were grown in ponds.

For the intensive culture, the animals were stocked at a densifyl®ffish.n® (three

replicates), the cages were located in the reservoir Saco | - Serealdal PE.
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The semi-intensive culture was carried out using three ponds wittem of 338 fmand a
maximum depth of 1.5 m, supplied by water from the reservoir Sadw laifimals were stocked at
a density of 1 fish.rfi (0.67 fish.nT). Before stocking, the ponds were dried in the sun light and
went through the process of liming (Ca&QL5 kg per 1000 fx and fertilization (bovine manure -
1 ton.h&) according to Woynarovich and Horvath (1983) for the growth of alfand such as
phytoplankton and zooplankton.

The ponds and cages were stocked with juvenile sex-reversed Nipga ti(variety
QAAT1/Arizona-USA) with an initial average weight of 88.6 + 1.5glan average total length of
16.3 £ 0.12cm. An aliquot of 10% of the populations were sampled monthly to mgrteth and
make feeding adjustments. Both cultures lasted 94 days.

Commercial diets containing 35, 32 and 28% crude protein (CP) were(em@gosition
described in Table 1). Intensive culture used nutritional biphaaic (85 and 32% CP) and semi-
intensive triphasic plan (35, 32 and 28% CP), as described in Table #siTiwere fed twice a day
(8 a.m. and 3 p.m.) with feeding rates of 5, 4 and 3% biomass, adjusted monthly after liometric

Water temperature, dissolved oxygen, pH, ammonia nitrogen, nitritateniorthophosphate,
alkalinity and hardness were monitored and the average for intensiveeandintensive system
were 29.40 + 1.4 and 30.15 + 2® (mean + SD); 8.19 + 1.9 and 6.67 + 3.4 my 18.07 + 0.2 and
7.15 + 0.4; 0.065 + 0.032 and 0.126 + 0.061 rﬁg(])_053 + 0.050 and 0.017 £ 0.013 m'd]; 10.001
+ 0.000 and 0.002 £+ 0.001 mg'l;L0.016 + 0.016 and 0.001 = 0.000 m'd; [13.95 + 1.86 and
161.28 + 106.97 mgt; 20.06 + 1.09 and 28.50+ 4.37 md' Lrespectively. Data described in
Santos (2013).

At the end of the experiment, the main growth parameters wecelatald from the
following equations:
Weight gain rate (W¢g) = BW; - BW;

Survival (S%)) = (Final number of fish/ fish stocked) x 100
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Feed conversion ratio (FCR) = dry feed offegaeet weight gaig,
Protein efficiency ratio (PER) = wet weight ggjhprotein feg)
Feed efficiency (FE) = wet weight ggydry feed offereg,,
Fulton’s condition factor (K): K = 100 W /3
in which BW and BW = average initial and final body weigtof fish; W = total weight in
the times 0, 31, 63 and 94 days and L = total length at the same Datasdescribed in Santos

(2013).

2.2 Extraction of digestive enzymes

In the times 31, 63 and 94 days of cultivation, fish remained under fasti2g h and five
individuals from each replicate were sacrificed accordingedrazzani et al. (2007) by sectioning
of medulla and bleeding by cutting the gills. Intestines were ddiately collected and
homogenized (40 mg tissue.fLin 0.15 M NaCl, using a tissue homogenizer. The resulting
preparations were centrifuged at 10,009 fer 10 min at £C to remove cell debris and nuclei. The
supernatants (crude enzyme extracts) were frozen 8C-20d used in further assays (Bezerra et

al., 2005).

2.3 Protein concentration

Protein concentration was determined according to Bradford (1976) beinge serum

albumin (BSA) as the standard.
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2.4 Enzyme assays

2.4.1 Total proteolytic activity

For total proteolytic activity 1% (w/v) azocasein was usesusistrate according Bezerra et
al. (2005). One unit (U) of enzyme activity was defined as the amufuahzyme capable of

hydrolyzing azocasein to produce a 0.001 change in absorbance per minute.

2.4.2 Trypsin and chymotrypsin activity

Trypsin and chymotrypsin activity were determined using 8.0 mM BANé-benzoyl-
DL-arginine-p-nitroanilide) and 8.0 mM SApNA (Suc-Ala-Ala-Pro-Pheifpoanilide) as substrate,
respectively, according Bezerra et al. (2005). One unit (U)tofitgowas defined as the amount of
enzyme required to produce 1 pnpehitroaniline.mir'. Specific activity was expressed as Ung

of protein.

2.4.3 Aminopeptidase activity

Aminopeptidase activity was evaluated using 4.2 mM amindaogphthylamide as
substrate. The aminoacyl moieties of substrates used were Leu, Arg, AlaytiS|yT Pro, Iso and
Ser, as described in Buarque et al. (2009a). One unit of enzyméyastg defined as the amount
of enzyme required to hydrolyse 1 pnfiehaphthylamine.min. Specific activity was expressed as

mU.mg" of protein.
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200 2.4.4 Amylase activity

201
202 Amylase activity was evaluated according to Bernfeld (1955) ugg(w/v) starch as
203  substrate. One unit of enzyme activity was defined as the ambenizyme required to liberate 1

204 g of maltose per milligram of protein per min (specific activity).

205

206 2.4.5 Lipase activity

207

208 Lipase activity was assayed according to Aryee et al. (2007iy @nM p-nitrophenyl

209 palmitate p-NPP), as substrate. One unit of activity (U) was defineti@smount of enzyme that
210 catalyzed the release qfihol of p-nitrophenol p-NP) per min under the assay conditions. Specific

211 activity was expressed as U.thgf protein.

212

213 2.5 Enzyme characterization in substrate-SDS-PAGE (zymograms)

214

215 Zymogram of protease activity (aliquots of p of protein,n = 3) were carried out based

216  on Garcia-Carrefo et al. (1993) after electrophoresis. Thengeésimmersed in 2.5 % Triton X-
217 100 dissolved in 0.1 M Tris—HCI buffer pH 8.0 to remove the SDS and incubdted % casein
218  (w/v) in 0.1 M Tris—HCI buffer pH 8.0 for 30 min at’€. The temperature was raised to°25and
219  maintained for 90 min to allow the digestion of casein by the aftaetions. Finally, the gels were
220 stained overnight for protein in 0.18 % (w/v) Coomassie Brilliant B1280 prepared in acetic acid
221 and methanol (10:25 % v/v), and the background of the gel was distainextio acid and
222 methanol (10:25 % v/v). Clear bands in blue background denoted proteasebpatigsstion of

223  casein substrate.
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Zymogram of amylase activityn(= 3) were carried out according to the modified
methodology described by Castro et al. (2012).u80of protein was applied to a 7.5% (w/v)
separating gel. Electrophoresis was performed at a constant currenndf i&r gel at 4C for 150
minutes, for better visualization of the bands. The gels were irethens2.5 % Triton X-100
dissolved in 0.1 M Tris—HCI buffer pH 8.0 to remove the SDS and incubatie@ Wo starch (w/v)
in 0.1 M Tris—HCI buffer pH 8.0, containing 1 mM CaGbr 30 min at 37°C, to allow the
digestion of starch by the active fractions. Finally, the gedse washed with distilled water and
stained with an iodine/Kl solution (15 and 12 mM) for 5 minutes. The \wele washed with
distilled water to stop the reaction and then with an acetic acid and methanioins@0:25 % v/v).

Clear bands in black background denoted amylase bands by digestion of starch substrate.

2.6 Densitometry of the bands

Zymograms imagesn(= 3) were obtained and the grayscale intensity of the bands were
evaluated by densitometry using ImageJ software (Image Progessil Analysis in Java, USA).
Values were analyzed in integrated dendiB) (which is the sum of the values of the pixels in the
image or selection. This is equivalent to the product of a givenare the respective mean gray

value (Rasband, 2012; Schneider et al., 2012).

2.7 Two-dimensional electrophoresis

2.7.1 Extraction and protein quantification

Samples of intestine tissues of Nile tilapia cultivated inittensive and semi-intensive

systems were macerated in liquid nitrogen. 100 mg of tissue d@dsdato 1 mL of Trizol
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(Invitroger®) and this material was incubated for five minutes. Then, &feeaddition of 20QiL of
100% chloroform, the material was incubated for 3 minutes. The samples centrifuged at
12,000 xg for 20 minutes at 4 °C. 3Q6L of cold 100% ethanol was added to the precipitate and
then, incubated for 3 minutes. The material was centrifugedh agmer the same conditions and
the supernatant was collected and added to 1 ml of cold 100% isopropaitinf W@ minutes at
27°C. The samples were centrifuged and the supernatant discardegellét was washed three
times, at each wash was added 1 ml of hypochlorite solution of guaiidéh85% ethanol. The
pellet was left in the solution under stirring for 20 minutes & 2¥hd then centrifuged at 8,00Qx
for five minutes at 4 °C. After the three washes 1 ml of ethaaasl added to the pellet and a
stirring was performed and allowed to incubate for 20 minutesaah temperature. The material
was again centrifuged at 8,000Xor 10 minutes at 4 °C. The supernatant was discarded and the
precipitate was dried for 10 minutes at room temperature. Therpeflet was dissolved with
20QuL of 1% SDS and 1X PBS (phosphate buffered saline) and incubatedoftwotrs at 50 °C in
a water bath (Kirkland et al., 2006).

The protein quantification was performed using the 2D Quant KitH&&lthcare) according to

manufacturer's instructions.

2.7.2 Precipitation of proteins

The extracted proteins were precipitated using 20% trichloricaaeid (TCA). An aliquot
containing 600 mg of protein (according to the previous quantificatios)separated and added to
a volume three-fold higher of 20% TCA. This material remained &€ 4or two hours and
subsequently centrifuged at 14,00Q for 30 minutes at 4 ° C. The supernatant was discarded and

the centrifugate was washed twice with 1 ml of 100% cold aceReteveen the washes (after the
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addition of acetone) the samples were incubated for 10 minutes ancetitefuged at 14,000 g

for five minutes.

2.7.3 Two-dimensional electrophoresis in polyacrylamide gels

For two-dimensional electrophoresis was used methodology Kirkland (@086), adapted to

our conditions.

2.7.3.1 First Dimension - Isoelectric focusing

After precipitation of proteins, 25@ of sample buffer Dithiothreitol (DTT) and 1% ampholyte
(GE Healthcare) were added. 13 cm Strips (Immobiline DryStriB{l® - GE Healthcare) were
hydrated for 16 hours. The isoelectric focusing was performed in ttia@ BPGphor Il (GE

Amersham Biosciences) for about 6 hours.

2.7.3.2 Second Dimension - SDS-PAGE

Before electrophoresis (SDS-PAGE) strips were equilibrated in eguighrbuffer according to
Kirkland et al. (2006), in two phases: the first with equilibration dru¥fith addition of 1% DTT
(Dithiothreitol) and the second with the addition of 2.5% iodoacetamidd, glaase with 20
minutes of incubation under stirring at room temperature. Thessivere applied over a 12.5%
polyacrylamide concentration gel (16 x 18 cm height-width and 1 Inick)t The electrophoresis
was performed by applying two voltages: 15 mA for 30 minutes and48tenA until the end of

the run.
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For staining, the gels were incubated with staining solutiofi(B&thanol, 5% acetic acid and
0.2% Coomassie Blue) for two hours under stirring and at room tempe@nd destained with
solution (20 % methanol and 5% acetic acid) for 16 hours under standgalso at room

temperature.

2.8 Statistical analysis

All data was tested for normal distribution (Shapiro-Wilk test))l homogeneity of variances
(Bartlett’s test). Studenttgest and One-way analysis of variance (ANOVA) followed Tulesyst
were used for normally distributed data, whereas Wilcoxon-MannA&éhind Kruskal-Wallis test
were used for non-normally distributed data. Correlations wetedtassing Pearson’s Product
Moment Correlation following regression analysis. Densitometry totdudahe bands in gels was
done with the software ImageJ from imagej.nih.gov/ij/. Differeneese reported as statistically
significant when P < 0.05, using Origin™ version 8.0, Assistat 7.6 and GraphPad Prisma 6.0.

The two-dimensional gels were subjected to analysis with PlatiidimageMaster software
(Amersham Biosciences) for the detection of quantitative andtajizgi differences of proteins

between treatments € 3).

3. Results

The proximate analysis of the commercial diets used in theiege and nutritional plan
is shown in Tables 1 and 2, respectively. The main growth parameters ealdafatlile tilapia can
be seen in Table 3. There was no statistical difference bettheefinal weight, weight gain and
feed conversion ratio of experimental specimens. However, thevakess of survival, protein

efficiency ratio and feed efficiency were observed for fiskemi-intensive system. The condition
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factor found for Nile tilapia systems in semi-intensive and imenduring cultivation can be seen
in Table 4. At 31 days of cultivation statistical difference waserved between the systems,
reaching the best value for semi-intensive system (Santos, 2013).

Figure 1 shows the alkaline proteolytic activity of Nilegikcultivated under intensive and
semi-intensive systems. Total proteolytic activity (Figure WA} not statistically different between
the treatments (B 0.05) along of the periods analyzed (31, 63 and 94 days of cultwegudr,
trypsin and chymotrypsin activity (Figures 1B and 1C) werédrigvith 31 and 63 days of culture
(P < 0.05) in fish from semi-intensive system, but no statistifldrence between the treatments
was observed for these enzymes at 94 days of cultivation. Specific aminopepttiases (Figure
2) were measured using the following substrates: Leu-, Arg-, Byy-, Ser-, Ala-, His-, Iso- and
Pro- B-naphthylamide (Figure 2A-1, respectively). After 31 days of welt most activities of
aminopeptidases showed no statistical difference except for ddib Iso- that showed higher
activity in fish of semi-intensive and intensive systems, resmbget After 63 days of cultivation
Iso- showed no statistic difference between treatments, theethgmes showed higher values in
intensive system. At 94 days of culture Leu-, Arg-, Tyr-, GBer- and Pro- aminopeptidases
remained higher in the intensive system, while Ala-, His-, amdslsowed no statistical difference
between the systems. There were no significant differencesyilase (Figure 3) and lipase activity
(Figure 4) in the crude extract of the intestine of Nile tilapia cultured insiie and semi-intensive
systems. A correlation was observed between the recommended catmerdf essential amino
acids for Nile tilapia (Fagbenro, 2000; Celik, 2012) and specifianapaptidases activity in fish
intensive system, using aminoa@yhaphthylamide as substrates (Figure 5).

Proteolytic activities in fish from the intensive and semi-intensystem were detected in
substrate (casein) gel electrophoresis (Figure 6A). Intensivaeaandintensive system specimens
exhibited twelve intense activity bands (P1 to P12) with 31, 63 and $4odaylture. Evaluating

the integrated densityl§) of the caseinolytic bands of proteases during the cultivationsethie s
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intensive system showed constant values for the times analylaiel jmintensive system the value
decreased at 63 days, increasing again at 94 days of cultivatipmg(fl6B). The Figure 6C can be
seen the intensity of pixels values of the bands along the lazgsnofyram of farmed fish in the
intensive (subfigure 1, 2 and 3) and semi-intensive (subfigure 4, 5 andtensymages can
confirm, with increasing intensity of the pixels values, the te/dlands observed in Figure 6A. In
their respective subfigures are integrated density vallgsof the bands in cultivation systems at
the time periods analyzed (corresponding lanes of Figure 6Aistie&tdifferences were observed
between the cultures. Fish from the semi-intensive system shineddghest values db at the
three times (31, 63 and 94 days of cultivation) corresponding to 228.9+6.96, 229.27ad.12 a
231.10+4.93 respectively. The lowest valud@fwas observed for fish from the intensive system
with 63 days of cultivation (183.17+1.72).

Table 5 showdD related to the caseinolytic bands from intestine of Nilgialaultured in
the intensive and semi-intensive systems. The bands followeddfie pound by Santos et alin(
presg. Therefore, the previously results were employed to identifgaiseinolytic bands found in
this study. The bands with trypsin / aminopeptidase activity (P3, ®4PP and P8) showed the
following results: P3 showed the highdBt values in semi-intensive system at 63 and 94 culture
days (19.84+0.57 and 19.37%0.43, respectively). However, no statisticallyicgagnitlifference
was observed betwed values in the semi-intensive with 31 days and in the intensive3witnd
94 days of culture. P4 also showed a higher value in the semi-inteaysiean with 63 days of
culture (16.51+0.51). Nevertheless, this value did not statisticallyr diffdn 94 days of culture
(15.29+0.60). P6 and P7 bands presented a high&mn semi-intensive system in the three times
studied. P8 showed a higher value in this system at 94 days of ¢alBu88+0.20), but this value
did not differ statistically from the times 31 and 63 days ongdaise system, and was also equal to
the intensive system with 31 days of culture. The P5 band (aminopepdickagty) showed higher

values in fish from semi-intensive system at 94 days of culR886+1.40), but this value did not
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372  statistically differ from 63 days of culture (26.91+1.12). P9 showgheniaminopeptidase activity
373  inintensive system with 94 days of culture (11.23+0.21), but was natistty different from the
374  semi-intensive system in the three times studied. The P11 bamdrygsin/chymotrypsin activity
375 presented a higher value in fish from the semi-intensive syst#im 31 days of culture
376  (17.03+0.89). The bands P1 and P10 demonstrated higher vallizsmith 31 days of culture in
377 semi-intensive system (4.60 + 0.37 and 18.32+0.78, respectively). The P2 hlm@anddsno
378  statistical difference in most times analyzed. Finally,lihed P12 showed a higher valuedfat
379 63 days of culture in semi-intensive system (12.80 + 0.74), but showed nixcaigndifference
380 compared to days 31 and 94 and neither differed from intensive system at 94 days.

381 Amylase activities in fish from the intensive and semi-intensystems were detected in
382  substrate (starch) gel electrophoresis (Figure 7A). Intensivesemdintensive system specimens
383  exhibited five activity bands (Al to A5) related to 31, 63 and 94 dayaldire. The integrated
384 density (D) of the amylase bands during the cultivations (Figure 7B), showedilar trend at the
385 times analyzed. At 31 day® values were higher in both systems and decreased at 63 and 96 days
386  of cultivation. In the Figure 7C can be seen the intensity of pixelseobands along the lanes of
387 zymogram of farmed fish in the intensive (subfigure 1, 2 and 3) andisensive (subfigure 4, 5
388 and 6) system. The images also confirm the five bands obser¥aguire 7A. Integrated density
389 values [D) in their respective subfigures showed a statistical éifiee between the systems. Fish
390 from intensive and semi-intensive systems showed the highest vaflu€s with 31 days of
391  cultivation (95.95+8.63 and 88.24+12.65 respectively). The lowest valuBsvaére observed with
392 fish from semi-intensive system with 63 and 94 days of cultivgié®71+6.57 and 58.49+5.99
393  respectively).

394 Table 6 showdD values related to the bands of amylase zymogram fromireesit Nile
395 tilapia cultured in the intensive and semi-intensive systems. @ayl (Al) showed the highest

396 values for intensive and semi-intensive system with 31 days ofe€({#0.15+1.40 and 18.92+2.76,
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respectively). The highest value for amylase 2 (A2) was obséovede intensive system with 31
days (22.05 £ 0.62), but did not differ statistically from the value ad@¢ of cultivation for this
system and neither from semi-intensive with 31 days. Amylg#8Bshowed the highest values
for intensive system with 31 days (20.40+1.86). However, no statistifetetice was observed
with 63 and 94 days of cultivation and also for the semi-intensiveraysith 31 days. The highest
integrated density for Amylase 4 (A4) was also observed fbrifisntensive system (6.12+0.42)
with 31 days, being statistically equal to the values obtaindd@itand 94 days of culture. In the
evaluation of Amylase 5 (A5), the intensive system showed the highlests for 31 and 63 days of
cultivation (3.70+0.52 and 3.71+0.45, respectively).

The two-dimensional electrophoresis (Figures 8 and 9) showed weledespots without
trawling (horizontal and vertical) that could prevent detection. ph&teins are distributed
throughout the pH range of 3-10 and the molecular weights between 10 and 100 kDa.

The comparison of the proteomic profile of the intestine of animatsired in intensive

(Figure 8) and semi-intensive system (Figure 9) showed a total of 1,233 spots,niBdifbeient.

4. Discussion

Liti et al. (2005) showed that an inefficient management can peoradtiction in weight gain
in tilapia. However, animals can demonstrate some physiolagpoapensation, thus the quality of
food and adopted management may contribute for this kind of adjustmepiteDEshe similarity
observed between the final weight of fish cultured in both systéradood and protein efficiency
were better for animals cultured on semi-intensive systethoédh it was observed a decrease in
condition of fish from intensive system, experimental specimaxhesl similar final weight, as a
way of adapting to the culture system employed (Santos, 2013). géstide physiology of Nile

tilapia may have contributed to this fact. Muhlia-Almazan ef28l03) describe that changes in diet
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of aquatic organisms can cause alterations in the expressioactawitly of digestive enzymes.
Consequently, changes in management may induce animals physiologicdii@ustanaintain or
achieve satisfactory levels of specimens nutritional status.

The Nile tilapia is considered an opportunistic omnivore speciest@lalssimilate nutrients
from different sources such as benthic algae, phytoplankton, macrgphgtgdankton, small
invertebrates, detritus and cyanobacteria. The choice of feedimginmgrily related to food
availability in the environment, indicating that this species hal tigphic plasticity (Bowen,
1982; Philippart and Ruwet, 1982; Fitzsimmons, 1997; Beveridge and Baird, 200&- L
Mcconnell, 2000; Sampaio and Goulart, 2011). Therefore, the enzymaticl astéfepia should
be sufficiently diversified to digest the wide range of food sources.

This fact was taken into account to evaluate the digestive enzgimide tilapia under
different cultures. This study demonstrated a great divarsitye gut enzymes of Nile tilapia with
the presence of trypsin, chymotrypsin, aminopeptidase, amylasgpasel. IAll substrates generated
typical products of their respective reactions, however differenees detected in enzyme activity
in the cultures analyzed. Total proteolytic activity remainedstant as seen in Figure 1A. The
different managements adopted were insufficient to cause dd&ectaanges using azocasein as
substrate. Buarque et al. (2009a), comparing total proteolytic gcbeitween two stages of
subadult shrimp Harfantepenaeus subtijisalso found no statistical difference using the same
substrate. Nevertheless, changes could be seen with the use of specific substrates

Trypsin and chymotrypsin showed higher values in fish from semsite system when
compared to intensive system at the initial time (31 and 63 afaydture) even with a decrease in
concentration of crude protein in the feed of semi-intensive systenfact, this system is
characterized by high natural food, especially at the beginofingultivation (EI Sayed, 2006).
According to Liti et al. (2006) when tilapia feeding is supplemented with lowiprob&centrations

in semi-intensive farming, the deficit is supplied by natuoaldf Luz and Zaniboni-Filho (2001)
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emphasize that natural food has high nutritional value, and accoodifigztimina and Golovanova
(2004) one of the major advantages of this diet is the preserachigh concentration of digestive
enzymes. Franca et al. (2010) also cite the importance of eszynthe digestive processes of fish,
suggesting its presence and functional performance in the live faaff. dnd Hofer (1984) found
higher trypsin activity inCoregonus splarvae fed withMonia sp. Abolfathi et al. (2012) also
mention that the large proteolytic activity in omnivorous fish mayddated to the need to digest
plant foods.

At 94 days of culture there was no statistical differencevdset the systems (activity of
trypsin and chymotrypsin), it is worth highlighting that the fiskrevin the intensive system with a
higher percentage of CP in the diet compared to semi-intensivéhiarfdct may have contributed
to the increased enzyme activity in this system concomitantly & possible decrease in the
concentrations of natural food in the semi-intensive system. Piletaits above 25% in the diet
induced proteolytic activity ilhabeo rohitafingerlings (Debnath et al., 2007). Perez-Jimenez et al.
(2009) indicate that, independent of eating habits, the response of teBvdigystem of the fish
closely correlates with diet.

However, it should be noted that the activity of chymotrypsin showed an increaseags®f d
cultivation for both systems, despite lower concentrations of Chandiet and natural food
decrease. Some authors indicate trypsin, trypsin/chymotrypsirhyonatrypsin as nutritional
indicators in fish, commenting that its increase may occur tqeosate for dietary deficiencies
(Cara et al. 2007). Papoutsoglou and Lyndon (2006) also observed anenoréas activities of
trypsin and chymotrypsin when there was a decrease in the cotioantfaprotein in the diet for
Anarhichas minar Corroborating this fact, Kumar et al. (2007) suggest that herbivorstusdin
compensate a low protein diet increasing its enzymatic gctivine authors mentioned that some
herbivorous fish have similar or higher trypsin activities whenpamed to carnivorous species,

possibly to maximize the efficiency of protein digestion. This caaXtended for omnivorous fish
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like tilapia, mainly because this species is characterized as oppoctonistivorous (Bowen, 1982;
Ruwet and Philippart, 1982; Fitzsimmons, 1997; Beveridge and Baird, 2000; Loa@iell,
2000; Goulart and Sampaio, 2011).

According to Wilson (2002) the fish have no nutritional requirement atiepr per se but
need minimum quantities and proportions of essential and non-essential asius in the diet for
the deposition of muscle protein and other body proteins. After hydsaygiroteins by proteases
into long chain peptides, aminopeptidases further degrade into sipafiedes and free amino
acids, increasing the absorption of these nutrients (Buarque2608b). According to Zambonino-
Infante and Cahu (2007), activity of peptidases facilitatesréigtion of amino acids in marine fish
larvae. Thus, understanding the regulation of aminopeptidases becoteesngpartant from the
nutritional and physiological point of view. Intestinal aminopeptidag@&le Tilapia were capable
of hydrolyzing substrates leucine, arginine, tyrosine, glyciagne, alanine, histidine, isoleucine
and prolinep-naphthylamide. However, the activities of these enzymes diftegedeen farming
systems, not showing a logical relationship, except for His-, ls&u-, Arg- aminopetidase that
showed a significant correlation with the requirement of amindsadiased on the ideal protein
concept for Nile tilapia (Fagbenro, 2000; Celik, 2012), suggesting thattivity of these enzymes
has a relationship with essential amino acid requirement folsgi@sies. From physiological and
productive perspectives this fact is very important for aquaculisré, may provide subsidies for
works regarding digestibility and nutritional requirements for osipecies. Buarque et al. (2009a;
2009b) also found a correlation between the aminopeptidadearfaintepenaeus subtiliand F.
paulensisand their respective amino acid requirements.

Most aminopeptidases analyzed showed no difference between systéegirining of the
cultivation, except Pro- and Iso- aminopeptidase. However, with 63 and 84oflaylture the
majority of these enzymes had higher activity in fish intensiystem. In intensive system was not

present abundant natural food (less exogenous enzymes), this fathweagontributed to different
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497  regulation of these enzymes in this system and the nutrientsaddagtthe fish need to be better
498  utilized since the contribution of natural food is minimal. In ordexstgess the function of digestive
499 enzymes inSalmo salar Refstie et al. (2006) fed the animals with different conceotratof
500 protein made from yellow or narrow leafed lupins and verified nbisstal difference in Leu-
501 aminopeptidase activity. Moreover, Ezquerra et al. (1999) observed ansadn Met-, Val-, Pro-,
502 Lys- and Leu- aminopeptidase activity in white shrimp fed witimmaelen fish meal although this
503 was not in accordance with the nutritional standards required ®rsfi@cies. The authors also
504 mention that when the shrimps were fed with soybean meal, thetiastiof these enzymes
505 decreased mainly Gly- and Met- aminopeptidase. Methionine is yslialfirst limiting amino acid
506 in diets based on soybean protein to fish (Furuya et al. 2001).

507 Several animal and vegetable foods can be used in feed for aqugtiisors, partially or
508 totally replacing fishmeal traditionally used in aquaculturel fééhus, several studies have been
509 conducted to evaluate new protein sources that could be used in thachaeubf feed (Jackson et
510 al., 1982; Gaber, 1996; Olvera-Novoa et al., 1997; Olvera-Novoa et al., 2002ngdaPlascencia
511 et al.,, 2002, El-Saidy and Gaber, 2003; Gaber, 2006, Leal et al., 2009). i idistsi for Nile
512 tilapia, several sources can be used in the manufacture of feeth isi@bility to digest proteins
513 from plant and animal origin, therefore contributing to changes in enzymatiteprofi

514 In order to observe the gut proteases of Nile tilapia under eliffezulture conditions, more
515 sensitive tools were used to detect possible changes in thdiegticcording to Santos et ailn (
516 presg and Lemos et al. (2000) zymogram can be considered a moriéveetechnique than
517 conventional quantitative analyzes. In fact, this technique allowed aw®edof the behavior of
518 proteases from Nile tilapia, especially when the bands welgzadausing the intensity of pixel
519 values (integrated densityD). Corroborating the data observed in quantitative analysis, the values
520 of ID observed for Nile tilapia were higher at all times in senensive system. Making a

521  comparison of these results with the condition factor, both remainethobfar these specimens.
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522 The fish of intensive system showed the lowest valuefDoand also had a decrease in the
523  condition with 31 days of cultivation. This suggests that the adoptedgearent can interfere with
524  the condition/enzymatic activity of the experimental specimensveder, Nile tilapia through his
525 great capacity of adaptation, overcome the changes in managamenidenced by results of
526 growth. But it is noteworthy the importance of natural food in SatenRsive cultures, since
527  zooplankton can assist in the digestion process through their digestiwmes, either by autolysis
528 or as zymogens that activate endogenous digestive enzymes (Kolkovsk, ROQhgrmore, in
529 terms of cost/benefit, the use of natural foods in farm ponds i®fotlee most efficient ways to
530 reduce costs and environmental impacts of aquaculture (Beyruth, €0@4). Its continuous
531 availability allows the fish to adjust the intake and nutritionglpsy to their metabolic needs. The
532 increase in feed frequency implies in more regular nutriepplyg, increasing the efficiency of
533  digestion and metabolism of nutrients (Beyruth et al., 2004).

534 Santos et al.if pres$ identified eight out of twelve proteases found in the intestindilef
535 tilapia. Based on this information, was assessed the integtateity of bands in intensive and
536 semi-intensive farming systems. Several bands showed similbetyveen the systems,
537 demonstrating the sensitivity of the method. Most enzymes fromofissemi-intensive system
538 presented highdD, including enzymes with aminopeptidase activity (not shown in the catardit
539 analyzes, excepting Pro- aminopeptidase activity with 31 dayslo¥ation). However, some
540 identifications cited in Santos et ah pres3g were not conclusive, therefore the authors suggest that
541 the Nile tilapia enzymes may have low compatibility with mammaliarepsa inhibitors.

542 In quantitative terms, amylase and lipase showed no statdifigabnce between the systems
543  (Figures 3 and 4, respectively). Bowyer et al. (2012) repattthe lipase activity dberiola lalandi
544  was statistically lower in fish fed with canola oil.

545 Through the amylase zymograms some differences in enzymatyactould be detected.

546  Figure 7B shows a similar trend of activity for the two wrdt systems, where the valueslbf
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decreased with the course of time. The intensive system showest kigjues of integrated density,
though these values showed no statistical difference when contpatesimean of semi-intensive
system with 31 days (Figure 7C). Evaluating the bands separatedy showed higher values I&f

in intensive system (Table 6), excepting amylases 1, 2 and 3 eémhieintensive system with 31
days of cultivation.

According to Le Moullac and VanWormhoudt (1994) amylase activityeas®s with the
increase of carbohydrates in the diet. Kuz'mina et al. (1996) aisulfa correlation between
amylase activity and concentration of carbohydrates in thdatiéteshwater fish. This leads to a
very important point: the carbohydrates can be digested as theyawa a positive relationship
with amylases. This may reflect the satiation of animalstmay their growth. In fact the condition
of the animals in intensive system was minor than that of the semi-intenffivelwdays of culture,
suggesting a better energy: protein ratio for the semi-intersgigeem at this time. However,
according to Ceccaldi (1997) when optimal levels of dietary carbategirare overcome, the
enzyme activity tends to decrease. Nakamura (1970) and Reed (20HD) also reported the
inhibition of amylases by their own substrates. Sands and Lukes @8@4nention that in some
microorganisms, the carbohydrate may even prevent expression oizimes Thus, increases in
the carbohydrate diet may have caused a regulation/inhibitionzgfree activity. In addition, the
fact of amylolytic activities were slightly higher in tihmensive system can be related to results
obtained by Ribeiro et al. (2002). These authors evaluated thenatizyactivities ofSolea
senegalensiged with live food and diet observed that amylase secretion gaigicantly higher in
the treatment with diet. In fact, the use of natural food for &stméd in cages is more difficult than
in cultured fish in ponds due to density, fish movement, etc. Corrobotagngsults, Fountoulaki
et al. (2005) showed that differences in enzyme profiles are related to tleatsydresent in feed.

These differences could also be confirmed by the analysis cfgonat profile of culture

systems, demonstrating how the environment/diet can promote change®tém porofile.
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Moreover, in semi-intensive system there is a greater occer@nmicroorganisms in the water.
Such microorganisms besides serving as food for fish, can alsosfanbiotic relationships with
them. Therefore, it is possible the existence of proteins belprig these microorganisms in the
digestive tract, which could not be present in fish intensive systemitt (2008) compared
proteomic profiles of two different embryonic developmental stagegebfafish using two-
dimensional electrophoresis and found more than 660 proteins, being 47&ndiffene level of
changes that may occur in the proteomic profile of a speciesrysvariable. Gomez-Requeni
(2011) subjected the zebrafish feeding unbalanced in only one amino ysiite)(land the
proteomic profile of the body showed 207 proteins in total, being 45 significantlyediffer
Following the advances of technology in the areas of genomics and picgetme study of
the fish physiology has increased, making possible to analyadféunts of stress on these animals
(Parrington et al., 2002). Thus, not only the food, but also the environmertich animals are

exposed may cause quantitative and qualitative changes in global protein expreaspacés.

5. Conclusion

The complexity of digestive functions allows the animal to modiéy@Rpression/activity of
the enzymes to achieve more efficiently the reaction productssagefor their metabolism. This
fact could be observed in both production systems through adaptationgsamile tilapia. Thus,
the expression of these proteins appears to have a performancgingct¢orenvironmental and
feeding conditions, so that the digestive process can be asréffas possible in accordance with

the conditions of cultured animals.
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867 7. Tables
868

869 Table 1: Proximate analysis of the commercial diets used in the experiment.

Proximate analysis Crude Protein

(as-fed basis, g . K§* 350 3206 28%
Pellet diameter 3-4 4-6 6-8

Moisture 130 130 130
Crude protein 350 320 280

Ether extract 65 50 50

Crude fiber 50 50 50

Ash 120 120 120

Calcium 15 15 15

Phosphorus 6 6 6

Vitamin C 0.5 0.5 0.5

870 *Data from manufacturer

871

872  Table 2: Nutritional plan used as feed for Nile tilafia qiloticug subjected to different culture
873  systems.

Nutrition plan

Time (days) Intensive Semi-intensive
culture culture

0-31 35% CP 35% CP
32-63 35% CP 32% CP
64 — 94 32% CP 28% CP

874

875

876

877

878
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879
880

881

882
883

884
885

886

887
888

889

890
891

892

893

894

Table 3: Growth performance and nutrient utilization of Nile tila@ar(iloticug cultivated in
intensive and semi-intensive system.

Parameters Intensive culture  Semi-intensive culture
Initial weight (g) 88.33+1.54 86.90 + 1.50
Final weight (g) 543.58 + 48.11 501.74 + 4.37
WG (o)t 455.24 + 41.68 414.84 +3.48
Survival (%) 75.0 85.0
FCR 1.59 +0.12 1.57 +0.11
PER 4.23 +0.37 6.51 + 0.30
FE' 1.60.02 2.30+0.11

Values are mean = SE. Within a row, means with different sopgtréetters differ significantly (P
< 0.05) by Wilcoxon-Mann-Whitney test and Studenhtasst

! Weight gain? Feed conversion ratid Protein efficiency ratic* Feed efficiency.
Data described in Santos (2013).

Table 4: Fulton's condition factor of Nile tilapia cultivated in intensive and-seerisive systems
at times "0" (zero), 31, 63 and 94 days.

Time (days) Intensive culture Semi-intensive culture
0 1.97+0.08 2.00+0.0%
31 1.95+0.02 2.17+0.07
63 2.03+0.08 2.11+0.04
94 2.10+0.08 2.08+0.0%

Values are mean + SE. Within a row, means with different sapetr$etters differ significantly (P
< 0.05) by Student’stest.

Data described in Santos (2013).
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895 Table 5: Integrated densith)) of the bands of protease zymograms from the intestine of Nile
896 tilapia (O. niloticug cultured in intensive and semi-intensive systems.
Intensive culture Semi-intensive culture
Bands Enzyme*
31 days 63 days 94 days 31 days 63 days 94 days

P1 2.98+0.2% 3.48+0.56 4.29+0.48 4.60+0.37 4.39x0.28 4.67+0.39 Not identified”
P2 15.71+0.3% 15.880.7% 15.15+0.19 15.70+0.368° 16.24+0.3%8° 16.34+0.38 Not identifieg”
P3  18.57+0.1% 17.21+0.386 18.71+1.24 18.89+0.7% 19.84+0.57 19.37+0.43 Trypsin/Aminopeptidase
P4 13.77+0.58 12.27+0.60 14.87+0.32 13.26+0.76 16.51+0.51 15.29+0.6& Trypsin/Aminopeptidase
P5 23.43+0.63 22.68+0.44 24.19+0.89 24.91+1.08 26.91+1.12" 28.36+1.40 Aminopeptidase
P6 7.90+0.09 6.87+0.20 8.34+0.18 9.26+0.50 9.29+0.1f 9.81+0.5f  Trypsin/Aminopeptidase
P7 18.81+0.35 17.96+0.44 21.04+1.21 21.70+0.73 21.72+0.74 21.77+0.51 Trypsin/Aminopeptidase
P8 13.11+0.08 11.04+0.22 12.17+0.4% 12.95+0.8% 13.01+0.98" 13.80+0.20 Trypsin/Aminopeptidase
PO  9.82+0.48 9.42+0.22 11.23+0.21 10.88+0.6% 10.79+0.5¢ 10.68+0.3%" Aminopeptidase
P10 15.93+0.31 9.66+0.74 14.42+0.58 18.32+0.78 17.34+1.083 17.10+0.84 Not identified,
P11 16.12+0.37 11.49+0.24 14.62+0.48 17.03+0.89 15.58+0.68 15.92+0.33 Trypsin/Chymotrypsin
P12 9.51+1.28 8.53+0.22 10.40+0.50™ 11.19+0.5% 12.80+0.74 11.48+1.7% Not identified,”

897
898
899

900
901

902

903
904

905
906
907

908
909

910

Values are mean = SE of Integrated density mean. Within ameans with different superscript
letters differ significantly (P < 0.05) by Kruskal-Wallisst or One-way analysis of variance
(ANOVA) followed Tukey test.

*Santos et al.if press.

“Numbering defined by the authors.

Table 6: Integrated densityY) of the bands of amylase zymograms from the intestine of Nile
tilapia (O. niloticug cultured in intensive and semi-intensive systems.

Intensive system

Semi-intensive system

Bands Enzyme*
31 days 63 days 94 days 31 days 63 days 94 days

Al  20.15+1.40 7.88+2.0% 12.98+1.7 18.92+2.76 11.59+1.78 9.61+2.14 Amylase 1

A2  22.05+0.62 16.65+1.67° 17.77+1.68" 21.19+2.23" 15.35+1.90 15.29+1.55 Amylase 2

A3  20.40+1.88 18.45+2.1% 16.58+1.02™ 18.37+3.26° 13.01+0.48 14.52+1.66° Amylase 3

A4  6.12+0.42 5.55+1.08° 4.8620.62° 4.17+0.78 2.40+0,27 3.08+0.3%" Amylase 4

A5  3.70+0.52 3.71+0.485 2.47+0.46 2.66+0.38 2.59+0.36 1.93+0.09 Amylase 5

Values are mean = SE of Integrated density mean. Within ameans with different superscript
letters differ significantly (P < 0.05) by One-way analysissariance (ANOVA) followed Tukey
test.

*Nomenclature defined by the authors.
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926 Figure 1: Alkaline proteolytic activity of the crude extract frorhet intestine of Nile tilapia
927  (Oreochromis niloticuscultured in intensive and semi-intensive system. Values asnnt SD,

928 using azocasein (A), BApNANg-benzoylp, -argininep-nitroanilide) (B), and SApNA (Suc-Ala-
929  Ala-Pro-Phep-nitroanilide) (C) as substrate, expressed as U mgPtotéiar the same times,
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Figure 2: Aminopeptidase activity of the crude extract from iestine of Nile tilapia
(Oreochromis niloticus cultured in intensive and semi-intensive system. Values asnmt SD,
using aminoacyp-naphthylamide as substrates with Leu (A), Arg (B), Tyr (G) ®), Ser (E),
Ala (F) His (G) Iso (H) and Pro (1) as specific substituertd expressed as mU mgProteiffor
the same times, means with different superscript lettemr @ifnificantly (P < 0.05) by Wilcoxon-
Mann-Whitney test and Student’s t tastH(3).
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Figure 4: Lipase activity of the crude extract from theestine of Nile tilapia Qreochromis
niloticus) cultured in intensive and semi-intensive system. Values aw@n meSD, usingp-
nitrophenyl palmitategtNPP), as substrate, expressed as U mgPtotEor the same times, means
with different superscript letters differ significantly €20.05) by Wilcoxon-Mann-Whitney test (
=3).
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Figure 6: (A) Zymogram of digestive proteases of the crudaefrom the intestine of Nile tilapia
(Oreochromis niloticuscultured in intensive and semi-intensive system, using cassubagate.
Lanes 1, 2 and 3 correspond to intensive culture in the times 31, 63 and 94 days, resdeutieely
4, 5 and 6 correspond to semi-intensive culture in the times 31, 63 and 94edpgstively. (B)
Evolution of the integrated density of the bands of proteases zymsdram the intestines of Nile
tilapia cultivated in the intensive and semi-intensive system.Pi&3!| intensity and respective

means values of integrated densiy)(for each lane of protease bands (lanes 1-6), subfigures 1, 2

and 3 correspond to the intensive system and 4, 5 and 6 semi-intensve, syetins with different
superscript letters differ significantly (P < 0.05) using Ong-waalysis of variance (ANOVA)

followed by Tukey testn(= 3).

163




1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116

Al
A2
A3

R

Pixel intensity

Intenswve culture

—&— Semi-ntensive cullure

Time (days)

Intensive culture

| 95.95+8.63 ° |

@4

Semi-intensive culture

L/\/
\ ID =

\q . /\UJ/

| 88.24:12.65 ab

N
| m =
N / ID = { \L//

\~,69.70£9.09 " /
WA /
1 '

W

3 ﬂ (\
J\ I\ / A

ID=72.8016.67 / |/
be v

| ID=
\k 58.49+5.99

1117
Distance along the lane

1118

1119  Figure 7: (A) Zymogram of amylase activity of the crudé&aot from the intestine of Nile tilapia
1120  (Oreochromis niloticuscultured in intensive and semi-intensive system, using starshbasrate.

1121  Lanes 1, 2 and 3 correspond to intensive culture in the times 31, 63 athalys , respectively;
1122  Lanes 4, 5 and 6 correspond to semi-intensive culture in the times 3id 63 days, respectively.
1123 (B) Evolution of the integrated density of the bands of amylgeegrams from the intestines of
1124  Nile tilapia cultivated in the intensive and semi-intensive sys{€) Pixel intensity and respective
1125 means values of integrated densiy)(for each lane of amylase bands (lanes 1-6), subfigures 1, 2
1126  and 3 correspond to the intensive system and 4, 5 and 6 semi-intensve, sgetins with different
1127  superscript letters differ significantly (P < 0.05) using Ong-wnalysis of variance (ANOVA)
1128  followed by Tukey test (n=3).
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1149  Figure 8: Two-dimensional gel electrophoresis profile of the cexdiact from the intestine of Nile
1150 tilapia (Oreochromis niloticuscultured in intensive system. First proteins were separgtetidrge
1151 in the first dimension (immobiline Drystrip pH 3-10) and then by moéeowkight in the second
1152  dimension (12% SDS-PAGE).
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1182  Figure 9: Two-dimensional gel electrophoresis profile of the cexdiact from the intestine of Nile
1183 tilapia (Oreochromis niloticuscultured in semi-intensive system. First proteins were seuhby
1184  charge in the first dimension (immobiline Drystrip pH 3-10) and themolecular weight in the
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8. CONCLUSAO

Avaliando o desempenho das tilapias do Nilo alimentadas com difecemtesntracdes de
hidrolisado proteico de camardo e cultivadas em sistemasirdemsivo e intensivo, foram

observadas as mesmas tendéncias de crescimento.

Contudo, avaliando os sistemas intensivo e semi-intensivo a partir s parametros
(fator de condicdo e seus derivados) algumas mudancas puderamesead#ss Os peixes do
sistema semi-intensivo apresentaram melhores resultados no ducicultivo, contudo os
espécimes experimentais demonstraram compensacfes que levanama a&imilaridade no
crescimento na avaliacdo final dos sistemas. O monitorameniowmmkestes parametros aliados
ao estudo do peso relativo nos leva a refletir sobre a qualidadesmixsnees de tilapia do Nilo
cultivados atualmente, ja que este peixe mostrou, em algumasdsegugeso relativo inferior a

espécimes do ambiente natural.

As funcdes digestivas permitiram que a tilapia pudesse modificas stividades
enzimaticas de forma a obter mais eficientemente os produtosatdses necessarias para o0 seu
metabolismo, demonstrando que este peixe pode se beneficiar defardteasalimentares, ja que
seu arsenal enzimatico se apresentou diversificado/adaptadonselfieate para digerir a grande
variedade de comida ingerida.
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9. ANEXOS

9.1 Normas da Revista Aquaculture

INTRODUCTION

Types of paper

Original Research Papershould report the results of original research. The material cshranil
have been previously published elsewhere. Articles are expectedittibate new information (e.qg.
novel methods of analysis with added new insights and impacts) to tiwekige base in the field,
not just to confirm previously published work.

Review Articlescan cover either narrow disciplinary subjects or broad issues reguiri
interdisciplinary discussion. They should provide objective criticaluatian of a defined subject.
Reviews should not consist solely of a summary of published data. Bvalad the quality of
existing data, the status of knowledge, and the research requiredaacadknowledge of the
subject are essential.

Short Communicationare used to communicate results which represent a major breajkthvou
startling new discovery and which should therefore be published quickly.sHoeyd not be used
for preliminary results. Papers must contain sufficient datastablish that the research has
achieved reliable and significant results.

Technical Papershould present new methods and procedures for either research methadology
culture-related techniques.

The Letters to the Editosection is intended to provide a forum for discussion of aquacultural
science emanating from material published in the journal.

Contact details for submission

Papers for consideration should be submitted via the electronic submission sgsieamed below
to the appropriate Section Editor:

Nutrition:

D.M. Gatlin

The Nutrition Section welcomes high quality research paperemnireg novel data as well as
original reviews on various aspects of aquatic animal nutritievaat to aquaculture. Manuscripts

addressing the following areas of investigation are encouraged:
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1) determination of dietary and metabolic requirements for variousemistrby representative
aguatic species. Studies may include environmental/stresstseffec animal's physiological
responses and requirements at different developmental stages;

2) evaluation of novel or established feedstuffs as well as femzbgging and manufacturing
procedures with digestibility and growth trials. Such studies should prasodeprehensive
specifications of the process or evaluated ingredients includitrients, potential anti-nutrients,
and contaminants;

3) comparison of nutrient bioavailability from various ingredients adpct forms as well as
metabolic kinetics of nutrients, food borne anti-nutrients or toxins;

4) identification of key components in natural diets that influenceacadibility, palatability,
metabolism, growth reproduction and/or immunity of cultured organisms;

5) optimization of diet formulations and feeding practices;

6) characterization of the actions of hormones, cytokines and/or compome intracellular
signaling pathway(s) that influence nutrient and/or energy utilization.

7) evaluation of diet supplementation strategies to influence arperdbrmance, metabolism,
health and/or flesh quality.

Manuscripts concerning other areas of nutrition using novel or advanced methdds arel@me.
Please note that in regard to various diet additives such as msptebiotics, herbal extracts,
etc., a very large number of papers have already been publishedfoféaeAquaculture will not
continue to accept manuscripts that present initial and prelimineegtigations of such additives.
Manuscripts addressing these and other feed additives will be accepted foraelyié they are of
the highest scientific quality and they represent a signifiealveince in our knowledge of the
mechanisms involved in their metabolism. Manuscripts may also h&deved if they present
clinical efficacy data generated in large-scale trials eomhomic cost-benefit analysis of these
applications.

Aquaculture Production Science:

B.Costa-Pierce

AQUACULTURE PRODUCTION SCIENCE (PS) is one of 5 sectiofhshe international journal
AQUACULTURE dedicated to research on improvements and innovations inticadoad
production. Worldwide dissemination of the results of innovative, globalportant, scientific
research on production methods for aquatic foods from fish, crustacedhsksy amphibians, and
all types of aquatic plants. Improvement of production systemsetaits in greater efficiencies of

resource usage in aquaculture. Effective applications of technolagiesnethods of aquaculture
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production for improved stocking regimes, the use of new species atieésspesemblages, and
research on the efficient and sustainable usage of systemwjpadbe objective of minimizing
resource usage in aquaculture. Investigations to minimize aquacwkigtes and improve water
quality, technologies for nutrient recycling in aquaculture edemys and the synergy of
aquaculture and other food production systems using methods such astpayantl integrated
aquaculture.

Physiology and Endocrinology:

E.M. Donaldson

The Physiology and Endocrinology Section welcomes high quality espapers presenting novel
data as well as original reviews, on various aspect of the pbggiaind endocrinology of cultured
aguatic animals and plants, providing that their content is relevant to solving agueapudblems.
Manuscripts submitted to the journal must have a valid hypothesibjective, clearly state the
relevance to aquaculture, have proper experimental design with appropontrols and utilize
appropriate statistical analysis. When a study involves thenigtration of a pharmaceutical or
other commercial product, please use generic or scientific nathes than trade names especially
in the Title. The trade name can be mentioned in the Materialsatitbds together with an exact
description of its composition.

Topics covered by this section include, but are not limited to, plogsaal and endocrine aspects
of:

- Reproductive development including both endocrine and environmental control

- Induced ovulation and spermiation

- Gamete quality, storage and cryopreservation

- Control of sex differentiation

- Physiology and endocrinology of gynogenetic and triploid aquatic organisms

- Physiology and endocrinology of transgenic organisms

- Molecular genetic assessment of physiological processes

- Larval physiology and the ontogeny of endocrine systems

- Malpigmentation

- Metamorphosis, smolting (salmonids) and molting (crustacea)

- Nutritional physiology

- Osmoregulation

- Stress

- Anesthesia, transport, handling
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- Physiology of harvest techniques, product quality, flesh quality and pigieenta

- Endocrine and environmental regulation of growth

- Rearing density

- Temperature tolerance

- Disease physiology

- Pollutant physiology and water quality (when directly relevant to aquael

- Respiratory, muscle and exercise physiology of cultured organisms

- Immunology ( manuscripts on the physiological effects of prolsiatiast be of high scientific
quality with statistically valid conclusions)

Diseases:

B. Austin

The Diseases Section welcomes high quality research pppssnting novel data as well as
original reviews, on various aspect of the diseases of aquati@ianand plants, so long as their
content is relevant to solving aquaculture problems.

Please note, however, with respect to the probiotic potential ioligdbacteria and the antibacterial
or immunostimulatory effects of herbal extracts a very largebeuraf papers have already been
published. As a result, Aquaculture will not continue to accept maptsd¢hat present further
initial and preliminary investigations of these phenomena. Manuseadpi®ssing these topics will
be accepted for review only if they are of the highest s@iemuality and they represent a
significant advance in our knowledge of the mechanisms involved. Manusorgtsalso be
considered if they present clinical efficacy data genernatdarge-scale trials and economic cost-
benefit analysis of these applications.

Genetics:

G. Hulata

The Genetics Section welcomes high-quality research papessnfirgy novel data, as well as
critical reviews, on various aspects of selective breeding,tigerend genomics, so long as the
content is relevant to solving aquaculture problems. Please note, hotwavéwuaculture will not
accept manuscripts dealing with the application of well-desctdmEthiques to yet another species,
unless the application solves a biological problem important to aquacpftofuction. Aquaculture
will not accept manuscripts dealing with gene cloning, charactgriaf microsatellites, species
identification using molecular markers, EST papers with smdikaans, or mapping papers with
a small number of markers, unless the papers also deal witmng@ubiological problem that is

relevant to aquaculture production. Where appropriate, linkage maps shdutte ino-dominant
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markers, such as microsatellite DNA and SNP markers, toeagplication to other populations
and facilitate comparative mapping. Aquaculture will not accept staupis focusing mainly on
population genetics studies that are based on RAPD and AFLP maikeesthe dominance and
multilocus nature of the fingerprints are not suitable for makifeyénces about population genetic
diversity and structure. There may be other journals that are swtable for manuscripts not
meeting these requirements.

Sustainability and Society:

D.C. Little

The Sustainability and Society section of the journal Aquacultureegaitticles at the interface of
natural and social sciences that address the broader roles ofilupeain global food security and
trade. Aims and scope of the Sustainability and Society sectothar global dissemination of
interdisciplinary knowledge regarding the management of aquatcnmees and resulting impacts
on people. Interconnections with other sectors of food production; resowcagement and
implications for societal impact. Going beyond a narrow techno-centric focuad®wore holistic
analyses of aquaculture within well-defined contexts. Enquiry based onstamtkng trajectories
of change amid the global challenges of climate change and foadtgeMixed methods and
approaches that incorporate and integrate both social and natural scieeleeance for the diverse
range of policy makers, practitioners and other stakeholders involvedes that take a value
chain approach, rather than being wholly production orientated, are encouraged.

Page charges

This journal has no page charges.

BEFORE YOU BEGIN

Ethics in publishing

For information on Ethics in publishing and Ethical guidelines for joumablication see
http://www.elsevier.com/publishingethics and http://www.elsevier.conuathiidelines.

Policy and ethics

The work described in your article must have been carried out ordescwe withThe Code of
Ethics of the World Medical Association (Declaration of Helsinki) ésperiments involving
humans http://www.wma.net/en/30publications/10policies/b3findex.html; EU  Directive

2010/63/EU for animal experiments http://ec.europa.eu/

environment/chemicals/lab_animals/legislation_en.htm;
Uniform Requirements for manuscripts submitted to Biomedical joutrtgs//www.icmje.org.

This must be stated at an appropriate point in the article.
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articles, who wish to take advantage of this option, should compldtesubmit the order form
(available at http://www.elsevier.com/locate/openaccessform.Mifjatever access option you
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these). Authors who require information about language editing and copgesirvices pre- and
post-submission please visit http://webshop.elsevier.com/languageseoviour customer support
site at http://support.elsevier.com for more information.

Submission

Submission to this journal proceeds totally online and you will be guiggavise through the
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file of the article, which is used in the peer-review procegadel note that even though manuscript
source files are converted to PDF files at submission for theweprocess, these source files are
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It is important that the file be saved in the native formahefwordprocessor used. The text should
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will be removed and replaced on processing the article. In plarticlo not use the wordprocessor's
options to justify text or to hyphenate words. However, do use bokl ftadics, subscripts,
superscripts etc. When preparing tables, if you are using agatijeuse only one grid for each
individual table and not a grid for each row. If no grid is used, abs, thot spaces, to align
columns. The electronic text should be prepared in a way veryasitoilthat of conventional
manuscripts (see also the Guide to Publishing with Elsevier:
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recognized classes and formats supported in Elsevier's electrdimussions system, for further

information see http://www.elsevier.com/wps/find/authorsview.authors/&ge-supported

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections shoulddszediinl
(then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbeseg}ihit)
numbering also for internal cross-referencing: do not just reféhe text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction

State the objectives of the work and provide an adequate backgrourtingweodetailed literature
survey or a summary of the results.

Material and methods

Provide sufficient detail to allow the work to be reproduced. Methivdady published should be
indicated by a reference: only relevant modifications should be described.

Theory/calculation

A Theory section should extend, not repeat, the background to the altady dealt with in the
Introduction and lay the foundation for further work. In contrast, a Galoul section represents a
practical development from a theoretical basis.

Results

Results should be clear and concise.
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Discussion

This should explore the significance of the results of the work, not repeat thesmlAned Results
and Discussion section is often appropriate. Avoid extensive citaimhsliscussion of published
literature.

Conclusions

The main conclusions of the study may be presented in a short Gonslggction, which may
stand alone or form a subsection of a Discussion or Results and Discussion section.
Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae dimhequa
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), et.subsequent
appendix,

Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information

* Title. Concise and informative. Titles are often used in information-vairisystems. Avoid
abbreviations and formulae where possible.

» Author names and affiliationsWhere the family name may be ambiguous (e.g., a double
name), please indicate this clearly. Present the authofsitaffi addresses (where the actual work
was done) below the names. Indicate all affiliations with a lower-casesstiptletter immediately
after the author's name and in front of the appropriate address. Ptiozifldl postal address of
each affiliation, including the country name and, if available, the e-maissidf each author.

» Corresponding author.Clearly indicate who will handle correspondence at all stages
refereeing and publication, also post-publicati&nsure that telephone and fax numbers (with
country and area code) are provided in addition to the e-mail adtess and the complete postal
address. Contact details must be kept up to date by the corresponding aoth

* Present/permanent addresHl.an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (ondRent address’) may be indicated as a
footnote to that author's name. The address at which the authoryadidathe work must be
retained as the main, affiliation address. Superscript Arabic numeralsearéou such footnotes.
Abstract

A concise and factual abstract is required. The abstract shiawéd wiefly the purpose of the
research, the principal results and major conclusions. An abisti@ten presented separately from
the article, so it must be able to stand alone. For this reRedesences should be avoided, but if

essential, then cite the author(s) and year(s). Also, non-standandanmon abbreviations should
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be avoided, but if essential they must be defined at theirnfiesttion in the abstract itself. The
abstract should be not longer than 400 words.

Keywords

Immediately after the abstract, provide a maximum of 4-6 keysyarsing American spelling and
avoiding general and plural terms and multiple concepts (avoid, fonmea"and”, "of"). Be
sparing with abbreviations: only abbreviations firmly establishederfield may be eligible. These
keywords will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footadie placed on the first page of
the article. Such abbreviations that are unavoidable in the abstusttbe defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughdidgi¢he
Acknowledgements

Collate acknowledgements in a separate section at the end of the aftickethe references and do
not, therefore, include them on the title page, as a footnote toléhertintherwise. List here those
individuals who provided help during the research (e.g., providing languggenmi¢éing assistance
or proof reading the article, etc.).

Nomenclature and units

Follow internationally accepted rules and conventions: use the interalasystem of units (SI). If
other quantities are mentioned, give their equivalent in Sl. You a@reduo consult IUPAC:
Nomenclature of Organic Chemistry: http://www.iupac.org/ fothieir information. 1. Authors and
editors are, by general agreement, obliged to accept thegaueming biological nomenclature, as
laid down in the International Code of Botanical Nomenclature, thernational Code of
Nomenclature of Bacteria, and the International Code of Zoolodioatenclature. 2. All biota
(crops, plants, insects, birds, mammals, etc.) should be identifigabip\scientific names when the
English term is first used, with the exception of common domastinals.3. All biocides and other
organic compounds must be identified by their Geneva names wheoskidtin the text. Active
ingredients of all formulations should be likewise identified. 4. &fm@mical nomenclature, the
conventions of the International Union of Pure and Applied

Chemistry and the official recommendations of the IUPAC IUB Bioed Commission on
Biochemical Nomenclature should be followed.

Database linking and Accession numbers

Elsevier aims at connecting online articles with externabldetes which are useful in their

respective research communities. If your article contains mflawaque identifiers or accession
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numbers (bioinformatics) linking to information on entities (genesteprs, diseases, etc.) or
structures deposited in public databases, then please indicaterttibse &ccording to the standard
explained below. Authors should explicitly mention tHatabase abbreviation (as mentioned
below) together with the actual database numbearing in mind that an error in a letter or number
can result in a dead link in the online version of the article.

Please use the following form&atabase ID: xxxx

Links can be provided in your online article to the following databésemmples of citations are
given in parentheses):

» GenBank: Genetic sequence database at the National Center for Biakktiarmation (NCBI)
(GenBank ID: BA123456)

* PDB: Worldwide Protein Data Bank (PDB ID: 1TUP)

» CCDC: Cambridge Crystallographic Data Centre (CCDC ID: Al631510)

* TAIR: The Arabidopsis Information Resource database (TAIR ID: AT1G01020)

* NCT: ClinicalTrials.gov (NCT ID: NCT00222573)

* OMIM: Online Mendelian Inheritance in Man (OMIM ID: 601240)

* MINT: Molecular INTeractions database (MINT ID: 6166710)

* MI: EMBL-EBI OLS Molecular Interaction Ontology (Ml ID: 0218)

 UniProt: Universal Protein Resource Knowledgebase (UniProt ID: Q9HOH5)

DNA sequences and GenBank Accession numbers. Many Elsevier joaiealgene accession
numbers" in their running text and footnotes. Gene accession numbersorefenes or DNA
sequences about which further information can be found in the datab&sedNational Center for
Biotechnical Information (NCBI) at the National Library of Mede. Authors are encouraged to
check accession numbers used very caref@tyerror in a letter or number can result in a dead
link.

Note that in the final version of the electronic copy, the acmessimber text will be linked to the
appropriate source in the NCBI databases enabling readecs diwegtly to that source from the
article. Example 1: "GenBank accession ndi631510, Al631511, Al632198and BF223228 a
B-cell tumor from a chronic lymphatic leukemia (GenBank acorsso. BE675048), and a T-cell
lymphoma (GenBank accession ndA361117)". Authors are encouraged to check accession
numbers used very carefully. An error in a letter or number cailt iesa dead link. In the final
version of the printed article, the accession number text will ppéar bold or underlined (see
Example 2 below). Example 2: "GenBank accession nos. Al631510, Al631511, Al632198, and
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BF223228), a B-cell tumor from a chronic lymphatic leukemia (GenBatdession no.
BE675048), and a T-cell ymphoma (GenBank accession no. AA361117)".

In the final version of the electronic copy, the accession nurtéberwill be linked to the
appropriate source in the NCBI databases enabling readecsdivegtly to that source from the
article (see Example 3 below). Example 3: "GenBank accession A1631510, Al631511,
Al632198, and BF223228), a B-cell tumor from a chronic lymphatic leukeBeaBank accession
no. BE675048), and a T-cell ymphoma (GenBank accession no. AA361117)".

Math formulae

Present simple formulae in the line of normal text where possildlaise the solidus (/) instead of a
horizontal line for small fractional terms, e.g., X/Y. In princjpkariables are to be presented in
italics. Powers of e are often more conveniently denoted by exp. Muoobsecutively any
equations that have to be displayed separately from the teefdifed to explicitly in the text).
Give the meaning of all symbols immediately after the equatiowhich they are first used. In
chemical formulae, valence of ions should be given as, e.g. Cazroa@h++. Isotope numbers
should precede the symbols, e.g., 180. The repeated writing of chéonmalae in the text is to
be avoided where reasonably possible; instead, the name of the conspouittibe given in full.
Exceptions may be made in the case of a very long name occuerpnfrequently or in the case of
a compound being described as the end product of a gravimetric aetitomi(e.g., phosphate as
P205).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughaaittithes using
superscript Arabic numbers. Many wordprocessors build footnotes intiexheand this feature
may be used. Should this not be the case, indicate the position of foatntitedext and present
the footnotes themselves separately at the end of the articlemoDinclude footnotes in the
Reference list.

Table footnotes

Indicate each footnote in a table with a superscript lowercase letter.

Artwork

Electronic artwork

General points

» Make sure you use uniform lettering and sizing of your original artwork.

» Save text in illustrations as 'graphics' or enclose the font.

* Only use the following fonts in your illustrations: Arial, Courier, Times, Bgin
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* Number the illustrations according to their sequence in the text.

» Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Produce images near to the desired size of the printed version.

» Submit each figure as a separate file.

A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts from the detailed inforation are given here.
Formats

Regardless of the application used, when your electronic artwdikaissed, please 'save as' or
convert the images to one of the following formats (note the utsol requirements for line
drawings, halftones, and line/halftone combinations given below):

EPS: Vector drawings. Embed the font or save the text as 'graphics'.

TIFF: Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF: Combinations bitmapped line/half-tone (color or grayscalejni@mum of 500 dpi is
required.

If your electronic artwork is created in a Microsoft Offigeplication (Word, PowerPoint, Excel)
then please supply 'as is'.

Please do not:

» Supply files that are optimised for screen use (e.g., GIF, ,BNEPT, WPG); the resolution is too
low;

* Supply files that are too low in resolution;

» Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptablatf¢fitkF, EPS or MS Office files) and
with the correct resolution. If, together with your accepted ayty@da submit usable color figures
then Elsevier will ensure, at no additional charge, that thgses$ will appear in color on the Web
(e.g., ScienceDirect and other sites) regardless of whethwt dhese illustrations are reproduced
in color in the printed versiorkor color reproduction in print, you will receive information
regarding the costs from Elsevier after receipt of your accept article. Please indicate your
preference for color: in print or on the Web only. For further infdrom on the preparation of

electronic artwork, please see http://www.elsevier.com/artworkingtnsct
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Please note: Because of technical complications which carbgrisnverting color figures to 'gray
scale' (for the printed version should you not opt for color in printspleabmit in addition usable
black and white versions of all the color illustrations.

Figure captions

Ensure that each illustration has a caption. Supply captions sepanatehttached to the figure. A
caption should comprise a brief titleot on the figure itself) and a description of the illustration.
Keep text in the illustrations themselves to a minimum but ex@hisymbols and abbreviations
used.

Text graphics

Text graphics may be embedded in the text at the appropriateopositirther, high-resolution
graphics files must be provided separately whether or not the gsagi@ embedded. See further
under Electronic artwork.

Tables

Number tables consecutively in accordance with their appeamartbe text. Place footnotes to
tables below the table body and indicate them with superscriptdase letters. Avoid vertical
rules. Be sparing in the use of tables and ensure that the dsgeatpcein tables do not duplicate
results described elsewhere in the article.

References

Citation in text

Please ensure that every reference cited in the textaspedsent in the reference list (and vice
versa). Any references cited in the abstract must be giviedl.itunpublished results and personal
communications are not recommended in the reference list, but maneriiened in the text. If
these references are included in the reference list they diotlold the standard reference style of
the journal and should include a substitution of the publication date wtigr &Jnpublished results’
or 'Personal communication'. Citation of a reference as 'in pnegbés that the item has been
accepted for publication.

Web references

As a minimum, the full URL should be given and the date when tleeerefe was last accessed.
Any further information, if known (DOI, author names, dates, referdnca source publication,
etc.), should also be given. Web references can be listed sepéeatel after the reference list)
under a different heading if desired, or can be included in the reference list.

References in a special issue
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Please ensure that the words 'this issue' are added tofargnces in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

This journal has standard templates available in key referennagement packages EndNote
(http://www.endnote.com/support/enstyles.asp) and Reference Manager
(http://refman.com/support/rmstyles.asp). Using plug-ins to wordpriogegackages, authors only
need to select the appropriate journal template when preparinguttiele and the list of references
and citations to these will be formatted according to the journal style vwhagscribed below.
Reference style

Text: All citations in the text should refer to:

1. Single author:the author's name (without initials, unless there is ambiguity)tlaad/ear of
publication;

2. Two authorsboth authors' names and the year of publication;

3. Three or more authorsfirst author's name followed by ‘et al." and the year of puidita
Citations may be made directly (or parenthetically). Groupsefd#rences should be listed first
alphabetically, then chronologically. Examples: ‘as demonstrateh(R000a, 2000b, 1999; Allan
and Jones, 1999). Kramer et al. (2010) have recently showumst:.References should be arranged
first alphabetically and then further sorted chronologically ifessary. More than one reference
from the same author(s) in the same year must be identified by the'&ftérs'c’, etc., placed after
the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writolgnaifec article. J. Sci.
Commun. 163, 51-59.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longmem, York.
Reference to a chapter in an edited book: Mettam, G.R., Adams,2089, How to prepare an
electronic version of your article, in: Jones, B.S., Smith , R.Z..YBds$roduction to the Electronic
Age. E-Publishing Inc., New York, pp. 281-304.

Journal Abbreviations Source

Define abbreviations that are not standard in this field at fingiroccurrence in the article: in the
abstract but also in the main text after it. Ensure consistency of abbrevihtmunghiout the article.

Video data
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Elsevier accepts video material and animation sequences to sapgoenhance your scientific
research. Authors who have video or animation files that they twisubmit with their article are
strongly encouraged to include these within the body of the artiblse.Cn be done in the same
way as a figure or table by referring to the video or ananatontent and noting in the body text
where it should be placed. All submitted files should be properlyddlsa that they directly relate
to the video file's content. In order to ensure that your video or animation miteliraictly usable,
please provide

the files in one of our recommended file formats with a prefemadimum size of 50 MB. Video
and animation files supplied will be published online in the electreaision of your article in
Elsevier Web products, including ScienceDirect: http://www.scieneetdtom. Please supply
‘stills’ with your files: you can choose any frame from theewior animation or make a separate
image. These will be used instead of standard icons andexslbnalize the link to your video data.
For more detailed instructions please visit our video instruction egpagat
http://www.elsevier.com/artworkinstructions.

Note: since video and animation cannot be embedded in the print versioa jiutnal, please
provide text for both the electronic and the print version for the portbtise article that refer to
this content.

Supplementary data

Elsevier accepts electronic supplementary material to supmbrerghance your scientific research.
Supplementary files offer the author additional possibilities to puldigpporting applications,
highresolution images, background datasets, sound clips and more. Suppheriestaupplied
will be published online alongside the electronic version of yourlaiiticElsevier Web products,
including ScienceDirect: http://www.sciencedirect.com. In ordeensure that your submitted
material is directly usable, please provide the data in one oecommended file formats. Authors
should submit the material in electronic format together withattiele and supply a concise and
descriptive caption for each file. For more detailed instructiosasgl visit our artwork instruction
pages at http://www.elsevier.com/artworkinstructions.

Linking to and depositing data at PANGAEA

Electronic archiving of supplementary data enables readerpltoate, verify and build upon the
conclusions published in your paper. We recommend that data shoulpdste: in the data
library PANGAEA (http://www.pangaea.de). Data are quality maletd and archived by an editor
in standard machine-readable formats and are available via OpessAdsfter processing, the

author receives an identifier (DOI) linking to the supplementsHercking. As your data sets will
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be citable you might want to refer to them in your article.rigy ease, data supplements and the
article will be automatically linked as in the following exalen doi:10.1016/0016-7037(95)00105-
9. Please use

PANGAEA's web interface to submit your data (http://www.pangaea.defgubm

Submission checklist

The following list will be useful during the final checking of article prior to sending it to the
journal for review. Please consult this Guide for Authors for further detailsyafean.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

* E-mail address

* Full postal address

» Telephone and fax numbers

All necessary files have been uploaded, and contain:

» Keywords

* All figure captions

* All tables (including title, description, footnotes)

Further considerations

» Manuscript has been 'spell-checked' and 'grammar-checked'

» References are in the correct format for this journal

* All references mentioned in the Reference list are cited in the text, ancevsee

» Permission has been obtained for use of copyrighted materialoftuen sources (including the
Web)

» Color figures are clearly marked as being intended for gejmroduction on the Web (free of
charge) and in print, or to be reproduced in color on the Web (free a@fegremd in black-and-
white in print

* If only color on the Web is required, black-and-white versions of theds are also supplied for
printing purposes

For any further information please visit our customer support site at higpadit.elsevier.com.
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